


NOW GET SCOPE, COUNTER
AND DMM INPUT ALL AT ONCE

THROUGH ONE PROBE!
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Gated frequency measurement.
B sweep triggering during the
intensified portion of the A sweep.
lntensified portion frequency is
measured with the counter/timer/
DMM.

Ll -'i'loon r
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Delay time measurement. Delay
time from the start of A sweep to
the start of the B sweep is mea­
sured with crystal accuracy.

Channel 1 dc volts measure­
ment. The average dc compo­
nent of a waveform is measured
directly through channel t with
direct digital fluorescent readout.

TheTek 2236combines
100MHz, dual timebase
scope capability with
counterltimer/DMM
functions integrated into
itsvertical, horizontal
andtrigger systems. For
the same effort it takes to
disp lay a waveform you
can obtain dig ital readout
of frequen cy, period ,
width , totalized events,
delay time and Ll-time to
accuracies of 0.001%.

The same probe is
used to provide input for the
CRT display and the digital
measurement system,
resulting in easy set-up,
greater measurement confi­
dence and reduced circuit
loading . Prob e tip volts can
also be measured through
the Ch 1 input.

Precision measurements
at thetouch of a button.
Auto-rang ing frequency,
period , width and gated
measu rements are push­
button -simple. And the 2236
offers an independent float­
ing 5000 cou nt, auto-rang­
ing multimeter with side
inputs for DC voltage mea-

Bandwidth

No of Channels
Max, Sweep Speed

Digital
Readout
Features

Timing Meas.
Accuracy

Trigger Modes

Weight

Price
Warranty

100 MHz

2+ Trig . View

5 ns/d iv

Direct Ch 1Voltage Meas. 0.5% DC; 2.0%
AC RMS

Resistance: .010 to 200 MegO
ContinuitylTemp: Aud ib le/Coor FO

Totalizing Counte r:-1 counts to 8,000,000
Direct Freq. Meas: 100 MHz to 0.001% ace .
Period , Width Meas: 10 ns with 10 ps max.

resolution
.001% (delay and Il-time with readout)

POp Auto . Norm, TV Field , TV Line, Single
Sweep

7.3 kg (16.2Ib)

$2650

3-year inc luding CRT (plus optional service
plans to 5 years)

surements to 0.1 %.
A built-in, auto-ranging

ohmmeter provides
resistance measurements
from 0.01 D.to 2GD.-as
well as audible continuity.
Automatic diode/junction
detec tion and operator
prompts serve to simplify
set-up and enhance
confidence in your
measurements.

The2236: scope,
counter, timer, DMM

plus a 3-year warranty
-all forjust$2,650.

Contact your nearest dis­
tributor or call Tek toll-free.
Technical personnel on our
direct-line will answer your
questions and expedite
delivery. Orders include
probes, 30-day free trial and
service worldwide .

Call Tek direct:
1-800-433-2323 for
video tape or literature,

1-800-426-2200 for
application assistance or
ordering information.

In Oregon, call co llect:
1-627-2200

COM MITTED TO EXCELLENCE

Copyright © 1986. Tektronix. Inc . All rights reserved. TIA -797
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SECTION A lo ok at th e latest and th e greatest in 66 EDITOR'S WORKBENCHautosound .

Frank Vizard IBM 's new m ach ines and
keyboard reviews.
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70 FROM KEYPRESS TO SCANSome classic autosound in stall ati on s, and a

CODEfew unu sual ones, too.
How PC keyboards work.Frank Vizard
Jeff Holtzman

BUILD TH IS 44 R-E ROBOT 74 WORKING WITH SURPLUS

Part 8. Building the co ntro l board. KEYBOARDS
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DIGITAL SPEEDOMETER FOR YOUR CAR
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Hi -Fi autosou nd has com e a long way
since th e days of 8-t rack tape . Th is month ,
we' ll loo k at some of t he latest and t he
greatest th at the autosound industry has to
offe r, lik e Pion eer 's OEX-77 CD player and t uner. Incl uded in o ur
di scu ssion s are hi gh-tech receivers, cassette pl ayer s, CD p layers, CD
changers, and spea kers, and w hat makes them spec ial. We' ll also
look ahead to the next wave in autosound , the DAT p layer.

But there's more to great mobi le sound t han just select ing a system
and throwi ng it in yo ur car. And today's downsized veh icles offer
to ug h cha llenges fo r even the most ski llfu l install er. However, with
effo rt, elect rifying resul ts can be ach ieved . To p rove that, we ' ll show
yo u how car manu facturers and independent installers have merged
automobiles and high -fi deli ty sound systems to produce concert
hall s o n w heels.

O ur two- part spec ial loo k at autosou nd begins on page 31.

NEXTMoNTH
THEAUGUST ISSUE IS

ON SALE JULY 2
HDTV
The next wave in tel evi sion is brought
into sharp focus.

BUILD AN SeA RECEI VER
Build this special FM receiver and hear
w hat yo u've been missing.

BUILD THE TALKING BOX
It digit izes yo ur speech and sto res it elec ­
tron ically.

R-E ROBOT
Part 9 loo ks at the robot 's cont ro l lan­
guage.

TRANSISTOR AMPLI FIER DESIGN
Hin ts and poin ter s for yo ur next project.

As a serv ice to readers. RADIO-ELECTRON ICS publishes available plans or information relating to newsworthy products.
techniques and scientific and technological developments. Because of possible variances in the quality and condition of
materials and workmanship used by readers. RADIO-ELECTRONICS disclaims any responsibility for the safe and proper
functioning of reader-built projects based upon or from plans or information published in this magazine.

Since some of the equipment and circuitry described in RADIO-ELECTRONICS may relate to or be covered by U.S. patents.
RADIO·ELECTRON ICS disclaims any liability for the infringement of such patents by the making , using , or selling of any such
equipment or circuit ry, and suggests that anyone interested in such projects consult a patent attorney.
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Oops Proof NowEvenBetter
Industry 's Most Popular Heavy-Duty DMMs. . .
Now Even Better With Dual-Fuse Protection

AndA Tougher Case.

Beckman Indu5tria/™

10KHz

10 Megohm
0.1% 0.05%

TrueRMS True RMS

40KHz

H0130 H0140

10KHz

2A

H0100

~
.rvice

sbuments,
\\e'reThe One

Visityour local Beckman Industrial
distributortoday. Compare. And discover
why the toughest are tougher than ever.

Continuity Beeper
Max. Reading

Accuracy (Vdc)

Battery Life
(Alkalinetype)

AC Conversion
Type

Current Range
Min. Reading

Beckman Industrial Corporation Instrumentation Products ! ll \'ISIOn

ASubsidiary of Emerson Electric Company
.~883 Ruffin Rd., San Diego, California92 12 .~ · IS9H

(619) 565·.4 15 · FAX, 1619) , 68·0172• TI.X , ,;90.\1

© 1987 Beckman IndustrialCorporation

or with a 4 Y2 digi; display required by the
HD-140's accuracy.

HEAVY DUTY
DMMS

Input Impedance

Bandwidth
(AC Volts)

Digits
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Our heavy-duty DMMs canwith­
stand accidental drops, literally bouncing
backfor more, thankstoa new case made
ofValox~ one ofthe most impact and
corrosive chemical resistant thermoplas­
tics around. Sensitivecomponents are
shock mounted for impact protection.

Even oil, water andindustrialgrime
can't keep ourheavy-duty DMMs away
fromthe action.Bterytbing is sealed with
o-rings for maximum protection.

Of course, even the toughest DMM
isn't muchgood ifit can't deliver accuracy
and therightcombination of capabilities
at the right price.

Check the HDDMMspecsfor your­
self: Maximum voltage ratingof1500 volts
DC, 1000 voltsAC; tested to 40KHz; diode
test function; andexclusive INSTA-Ohm@
capability, now with an audiblebeeper, to
make your HD even easier to use.

What'smore, you canselect just the
model you need without payingextra.
Start with the economical HD-I00 at
5169.00 for solid, all-around meter per­
formance. Choose the HD-110 with
continuity beeper. Or, the HD-llOT that
letsyou select Farenheitor Celsius
temperature measurementwith a
simple field adjustment, accurately
measuring from - 4°Fto +1999°F,
andworks withany K-type ther­
mocouple. It also hasa measure­
ment range of 32°Fto 392°F
with the thermocoupleprovided.

You can even get the true
RMS capability on the HD-130,

The toughjust got tougher. When
Beckman Industrial introducedheavy­
duty DMMs tough enough towithstand
accidental drops, input overloads and
destructive environments, they quickly
became the industry's most popular.

Now they're even tougher, thanks to
the best dual-fuse protection you can buy
anda new case. Covered by a one-year,
no-fault guarantee against damage to the
meter other than gross abuse.

For overloads, allvoltage ranges can
withstand transients upto 6KV Resistance
ranges are protected to600 volts. Current
ranges areprotected by a 2 amp/600 volt
fuse. The 10 amp range is protected by a 15
amp, 600 volt highenergy fuse with
100,000 amp interrupt rating.

Ii
IIMIII'••ON

\'alox~ isaregistered trademark of General Electric.



WHAT'S NEWS

New Solid-state battery operates at 200 0 Celsius

ONE TOUGH CUSTOMER.This new Eveready solid -state battery can operate at temperatures as
high as 200 0 C (392 ° F) and withstand severe shocks. It is ideal for applications in harsh
environments.

Superconduction possible at
room temperatures?

Recent reports in superconduc­
tivity research make it seem that

A high-performance her­
metically sealed 2.4-volt solid­
state battery that will operate con­
tinuously at 200° C (392° F) has
been developed by the Eveready
Battery Co. The high-temperature
performance of the new battery
has been achieved while preserv­
ing both the high discharge rate
(greater than that of most con­
ventional solid-state batteries) and
the"outstanding shelf life of solid­
state batteries.

A patented isostatic-compres­
sion process (see "What's News",
Radio-Electronics, Feb . 1986) is
used to assemble the batteries
from a lithium anode, an inorganic

the science is on the verge of per­
form ing the impossible-develop­
ing a material that has nearly no
resistance at room temperatures.

solid-state electrolyte, and a ti­
tanium d isulphide cathode . The
high temperature-far above the
limits of ordinary battery sys ­
tems-can be tolerated because
there are no liquids in the battery.
That feature makes it particularly
attractive for use in applications
that require high-temperature
memory retention or sensor oper­
ation (as in automotive engine
compartments, or in military ap­
plications) . It will also survive
heavy shock or vibration at 200° C.

Initial sample batteries will be
provided in 2.4- and 4.8-volt con­
figurations . Each will contain two
40-milliampere-hour cells.

Superconductivity is the con­
dition in which a metal loses all its
electrical resistance. That nor­
mally happens only at extreme low
temperatures, near absolute zero
(-459.4° F). Ifconductors could be
made superconductive at practical
temperatures, our whole electrical
world could be revolutionized.
Motors could be drastically mini­
aturized, computers could be
made to operate at even higher
speeds, and high-voltage trans­
mission lines could be aban­
doned. I n short, a complete
change in most electrical tech­
niques could take place .

Since superconductivity was
discovered in 1911, in metals at 4° C
above absolute zero (4° Kelvin),
the threshold of superconduc­
tivity has been raised in slow
steps, largely through the discov­
ery of new materials. In 1973, a
maximum of 23 degrees Kelvin
(-419° F)was apparently obtained.

However, in January 1986, a
breakthrough occurred. Super­
conductivity was obtained in a
new class of materials at 30° K. This
past December, a new record was
set at 39° K. In February 1987, su­
perconductivity at a temperature
of98° Kwas reached usi ng an oxide
material composed of yttrium, bar­
ium, copper, and oxygen, a com­
bination that would be a pretty fair
resistor at ordinary temperatures.

Since then there have been re­
ports of " indicat ions" of supercon­
ductivity at 240° K (-28° F) and
even hints of "superconducting
phenomena" at room tem­
perature . Old theories have been
abandoned , and many scientists
believe that there is no theoretical
temperature limit for supercon­
ductivity. Research is going on at a
feverish pace, with new results
being reported daily, or even fast- '-­
er. One report from Bell Labs bore ~
the dateline : Update , noon,
3/19/87. R-E ~
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VIDEO
NEWS

DAVID LACHENBRUCR,
CONTRIBUTING EDITOR

• Sony answers Super VHS. Sony has fired
an answering salvo in the latest phase of the war
between VHS and Beta. And in announcing a new
version of their Beta recording format, called ED
Beta (Extended Definition Beta), Sony appears to
have recaptured its long-held technological
advantage over VHS.

Like Super VHS ( Vi deo News, June 1987), ED
Beta provides a better-than-broadcast-quality
picture. However, Sony's ED-Beta system is
claimed to provide 500 lines of horizontal
definition, as compared With about 430 for Super
VHS. Also, ED Beta raises the luminance
bandWidth to 6 .8-8.6 MHz, as opposed to Super
VHS's 5.4-7 MHz, With a deviation of 1.8 MHz (vs.
Super VHS's 1.6 ). Where Super VHS uses a high­
coercivity oxide tape, ED Beta uses metal particle
tape in a standard Beta cassette. As in the Super­
VHS system, the new Beta machines can play
back the older conventionally recorded tapes and
record tapes in the conventional (standard Beta)
m an n er, but the new higher definition tapes can't
be played on standard machines.

ED-Beta cassettes use newly developed TSS
( Tilted Sputtered Sendust) heads and a tape
stabilizer system to reduce j itt er. Sony claims
third- and fourth-generation copies made With ED
Bet a are almost indistinguishable from the
original. Super-VHS machines Will be available in
the United States soon. Sony says ED Beta will be
on the Japanese market this fall, but hasn't
disclosed export plans. Both Super VHS and ED
Beta were developed in anticipation of a new
compatible high-resolution broadcasting system
in J apan, which could be inaugurated as early as
n ext year.

• N ext st op, S terminal. The back of an up-
to-date TV set has begun to resemble a piece of

(j) SWiss ch eese. There are video inputs and outputs,oz audio inputs and outpu t s, RGB terminals, etc.
~ Now, add the "S" terminal to all of that. That's the
t5 n ame JVC gives to a two-connector input for the
~ Y (lumin an ce) and C (ch r om inan ce) output
w6 sign als of the Super-VHS recorder. Of course,
o Super -VHS recorders Will also have standard RF
~ an d video/audio outputs, but to get the super

6

performance of the system, you will need a high­
resolution set equipped With Y and C inputs. JVC,
in fact, has already introduced four monitor- .
receivers With S terminals. Of course, a good
monitor receiver Without a Y/C input presumably
can be modified to inject the super signal into the
proper circuits. It's probably only a matter of
time before we see Sony TV's With "ED" terminals.

• Digital videodisc. A completely unexpected
development brought the audience at a recent CD­
ROM seminar to its feet With a spontaneous
round of applause. A project initiated by RCA at
what is now SRI's David Sarnoff Research Center
(RadiO-El e ctrOnics, June 1987) has resulted in
what could be the first relatively low-cost digital­
storage system for full-motion, full-resolution
video pictures. Until now, pictures stored digitally
on CD-ROM's have been stills, or at best, liinited­
motion, cartoon-like diagrams. The
demonstration by GE/RCAmade it clear that the
developers' claim of one full hour or more of
digital full-motion video plus audio on a standard
five -inch optical Compact Disc is now attainable.
The developers say that production models could
be available for less than $1,000 Within two years.
As shown on a PC monitor, the system currently
has a resolution of 256 x 200 pixels, which is
nearly TV quality:

The DVI (lJigital Video Interactive) system
uses data compression to get full motion on the
disc. Without compression, only 30 seconds of
full-motion video would fit on a five-inch disc and
it would require a full hour to play it back. The
home-video potential of DVI is clear, Sarnoff
Center engineers say, but they stress the
interactive capabilities of the system. "This is
much too powerful a medium to just put movies
on," said one. The DVI breakthrough casts some
doubt on the future of CD-I ( Compact Disc­
Interactive), for which standards have just been
finalized to permit still video along with data and
audio, as well as on Philips' CDV ( Compact Disc
Video), essentially a reinvention of the videodisc
that provides five minutes of analog video and 20
minutes of digital audio on a Compact Disc
(Radio-El e ctronics , March 1987). R-E
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"BE AM BU ILDER" is a trademark of Seneore , Inc.
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Call To day Wats Free 1-800-843-3338

SeNCORe
3200Sencore Dri ve
Sioux Falls, SD 57107 innovativel y designed
605-339-0100 In SD Only with your time in mind.

with the new improved CR70 "BE AM BUILDER"TM
Universal CRT Tester and Restorer

Patented $995

Now test and restore every CRT on the
market .. . without ever buying

another adaptor socket or coming up
embarrassingly short in front ofyour

customer ... or your money back

Have you ever?

Thrown away a good TV CRT, data disp lay CRT, or scope CRT that
could have been used for another tw o or three years because you had no
way to test or restore it?

Lost valuable customers because you a dvised them that they needed
a new CRT when another technician came along and restored the CRT
for them?

Lost the profitable extra $35 or more that you could have gotten for
restoring a CRT while on the job and locked in the profitable CRT sa le later?

Avoided handling profitable tr ade-in s or r entals because you were
afraid you 'd have to replace the picture tube when you could have restored
it?

Had a real need to test a CRT on th e job, but didn't have the right
adaptor socket or setup information in your set up book?

If any of these things have happened to you, CALL TODAY, WATS FREE,
1-800-843-3338, for a FREE 15 day Self Demo.

C=79,6000/(fe x Ro )

where fe is the crossover or cutoff
frequency and Ro is the speake r
imped ance. The simplest cross­
over network is shown in Fig. 1.
There, we have a capac itor feedin g
the h igh frequencies to th e
tweeter and an inductor feeding
the lows to the woofer. That circuit
is a single element of a constant­
resistance type filter. The value s of
the ind ucto r in mi l lihenries and
the capacitor in microfarads are
easi ly found from t he following
equations:

L= (159 x Rw)lfe
C=159,OOOl(fe x RT )

where Rw is the impedance of the

CROSSOVER NETWORKS
I am putting together a speaker

system and need information on the
va lues for components in the
crossover network. - S.P., Corona,
NY.

A two-way crossover network
consists of a low -pass fi lter to feed
the woofer and a high-pass fi lter to
feed the tweeter. The high- and
low- frequ ency outputs are eq ual
at the crossover freq uency. The
sha rpe r t he desired rat e of at­
tenuat ion outs ide the crossover
poi nt, t he more complex the di ­
vider network becomes . The rate
of atten uation is usually expressed
in terms of decibe ls pe r octave .
(An octave is the interval between
two frequencies t hat have a rat io of
2 :1 or 1:2. Fo r example , if t he
crossover is at 1 kHz, one octave
below is 500 Hz and one octave
above is 2 kHz.)

If you are simply adding a
tweeter to an existi ng system, you
can use a capacitor in series w ith
t he tweeter as a h ig h-pass net­
work. The value of the capacitor in
microfarads is determ ined from:



VC-6020

$1750.
Save

$200!

Save $135!
• Instant Hard Copy From Oscilloscopes
·5",6"and 7"Hoods (Availableseparately
@$51 ea. PleaseSpecifysize)
• Pistol Grip For Ease ofOperation
• Works on Any Make ofOscilloscope
• Three Full Year Warranty

V-1100A DC to 100MHz , Quad
Channels , Delayed Sweep
$2240. Save $2501

V-680 DC to 60MHz, Triple Channels,
Delayed Sweep $1340. Save $150!

V-423 DC to 40MHz, Dual Channels,
Single Time Base Delayed Sweep
$745. Save $2501

V-1050F DC to 100MHz, Quad
Channels, Delayed Sweep
$1445. Save $1501

V-650F DC to 60MHz, Triple Channels,
Delayed Sweep $1070. Save $1251

V.422 DC to 40MHz, Dual Channels
$795. Save $1301

V-509 DC to 50MHz, Dual Channels,
Delayed Sweep $1195. Save $2501

V-058G DC to 5MHz, Dual Channels
$838. Save $1001

V-134 DC to 10MHz, Dual Channels
$1420. Save $2001

V.425 DC to 40MHz. Dual Channels
$845. Save $1501

POLAROID®
D5-34
CAMERA

1MHz Sampling, Dual Channels
• Usable as both a conventional
oscilloscope and a digital storage scope.

• CRT: 6" rectangular with 2k V Potential
• Vertical Deflection: Ver. Modes: CH1,
CH2, DUAL, ADD (DIFF). Bandwidth: DC to
20MHz(-3dB). Sensitivity: 5mV/div to
5V/div. GPIB, IEEE 488
• Digital Storage Functions: Max.
Sampling Rate : 1 MHz (for Dual Channels) .
Ver. Resolution : 8 bit. Max. Storage Freq:
lOOk Hz(-3dB) . Memory Capacity: lk
wordslch . Hor. Resolution: 100 poinVdiv.
Sweep Time : 0.1m/div to 1sldiv . Pre­
trigger : Provided. Data output: Analog.

$2550.
Save $400!

DC TO 150MHz,
Quad Channels,
Delayed Sweep

$847. Save $150!

DC to 20MHz, Dual Channels,
Delayed Sweep

• CRT: 6" rectangular with 2k V Potential
• Vertical Deflection: Ver. Modes: CH1,
CH2, ALT, CHOP, ADD (DIFF) . Bandwidth:
DC to 20MHz(-3dB). Sensitivity: 5mV/div
to 5VIdiv . Max Sensitivity: 1mVIdiv at X5
Mag. Extends.
• X-V Operation (CH 1:X, CH2:V): 3° or
less from DC to 50kHz
• Weight: 7kg (15.5Ib)

• CRT: 6" rectangular with 20 kV
Potential
• X-Y Operation: (CH1:X, CH2:y)
3° or less from DC to 1MHz
• Weight: 10kg(22 Ib)

~HITACHI

V-222

V-1150

• CRT Readout Functlons. DVM,
Freq. Counter, Events Counter,
Cursor Readout, Ground Level
Indicator, Comments Display,
Panel Settings Display.

• Same as above,
but with CH1 output

and DC offset voltage monitor outlet
available for external counter or DVM.

V-209 DC to 20MHz, Dual Channels
• CRT: 6" rectangular with 1.5k V Potential
• Vertical Deflection: Ver. Modes: CH1, CH2,
ALT, CHOP, ADD (DIFF) Bandwidth: DC to
20MHz(-3dB). Sensitivity: 5mV/div to 5V/div.
Max Sensitivity: 1mV/div atX5 Mag. Extends.
• X-V Operation (CH1:X, CH2:y): 3° or less
from DC to 100kHz
• Weight: 5kg (11 Ib)

DC to 20MHz, Dual Channels
• CRT: 6" rectangular with 2k V
• Vertical Deflection: Ver. Modes: CH1,
CH2, ALT, CHOP, ADD (DIFF) . Band­
width: DC to 2OMHz(-3dB). Sensitivity :
5mV/div to 5V/div. Max Sensitivity:
lmV/div atX5 Mag. Extends.
• X-V Operation (CHl :X, CH2:V): 3° or
less from DC to 50kHz
• Weight: 6kg (13.3Ib)

$515. Save $200!

V-212 $465. Save $150!

V-223 $695. Save $1OO!
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woofer, Rr is the impedance of the
tweeter, and fe is the crossover fre­
quency in hertz. The network's at­
tenuation is 6-dB per octave.

Two types of filters are used in
crossover networks. One is the M­
derived filter, which, in its basic
form, has a rolloff at 12 dB per oc­
tave. Each half-section has two ca­
pacitors and two inductors . The
inductors have different values, as
do the capacitors. The other type
of filter is the constant-res istance
type. We are showing the latter
here because the values of both
capacitors are equal; the same is
true of the two inductors. Both the
constant -resistance and M -de ­
rived filters can be arranged so the
speakers are fed either in series or
in parallel.

Figure 2 shows the four most
common constant-resistance net­
works . Series and para lle l quarter­
section fi lters with 6-dB/octave
rolloffs are shown in Figs. 2-a and

TWEETER
IRT1

WOOFER
IRwl

2-b, respectively; ha lf-sections
with 12-dB/octave rolloffs are
shown in Figs. 2-c and 2-d, respec­
t ively. The values of the inductors
in henries and capacitors in farads
in those networks are as follows:

L1 = RaI(2nfd

L2= Ro/(2V2nfd

L3= CV2Ro)/(2nfe)

C1=1 /(2nfeRo)

C2 = Y 2/(2n feRo )

C3 =1 /(2Y2nfeRo)

where fe is the crossover frequen­
cy in hertz and Ro is the speaker
(and input) impedance in ohms .

Your choi ce of a series or paral­
lel arrangement will probably be
determined by component avail­
ability and cost. For example,
when we compute the values for

Walk "tough dog" troubles out of
any TV & VCR in half the

time ... or your money back

with the exclusive, patented,
VA62 Universal Video Analyzer ...$3,295

Would you like to?

Reduce analyzing time: Isolate any problem to one stage in any TV or
VCR in minutes, without breaking a circuit connection, using the tried
and proven signal substitution method of troubleshooting?

Cut costly callbacks and increase customer referrals by completely
performance testing TVs & VCRs before they leave your shop? Own the
only analyzer that equips you to check all standard and cable channels
with digital accuracy? Check complete, RF, IF, video and chroma response
of any chassis in minutes without taking the back off the receiver or
removing chassis plus set traps dynamically right on CRT too? Simplify
alignment with exclusive multiburst pattern?

Reduce costly inventory from stocking yokes, flybacks, and other
coils and transformers, for substitution only, with the patented Ring­
ing Test. Run dynamic proof positive test on any yoke, flyback, and inte­
grated high voltage transformer . .. in- or out-of-circuit?

Protect your future by servicing VCRs for your customers before they
go to your competition? Walk out "tough dog" troubles in any VCR chromi­
nance or luminance circuit - stage-by-stage - to isolate problems in
minutes? Have proof positive test of the video record/play heads before you
replace the entire mechanism?

Increase your business by meeting all TV and VCR manufacturers'
requirements for profitable warranty service work with this one universally
recommended analyzer?

To prove it to yourself, CALL TODAY, WATS FREE, 1-800-843-3338, for
a FREE Self Demo ... or learn how the VA62 works first by calling for
your free simplified operation and application instruction guide, worth
$10 .00.

Call Today Wats Free 1-800-843-3338

SE:NCORE:
3200 Sencore Drive
Sioux Falls, SD 57107 innouatiuely designed
605·339·0100 In SD Only with your time in mind.
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1531P 511.50
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Value!
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1586 517.95

FREE guide to
mail order sources
for electronic parts
and components

Membership Benefits • Big Savings. In addition to this introductory
offer , you keep saving substant ially with members' prices of up to 50% off the
publishers' prices. • Bonus Books. Starting immediately. you will be eligible for
our Bonus Book Plan, with savings of up to 80% off publishers' prices. • Club
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Call Today Wats Free 1-800-843-3338

SENCORE
3200 Sencore Drive
Sioux Falls, SD 57107 innovatively designed
605-339-0100 In SD Only with your time in mind.

Exclusive, triple patented dynamic
cap and coil analyzing ... guaranteed
to pinpoint your problem every time

or your money back

with the all new LC75 "Z METER 2"
Capacitor Inductor Analyzer

P a t en te d $995

The "Z METER" is the only LC tester that enables you to test all
capacitors and coils dynamically - plus, it's now faster, more
accurate, and checks Equivalent Series Resistance (ESR) plus
small wire high resistance coils.

Eliminate expensive part substitution and time-consuming shotgun­
ning with patented tests that give you results yo-u can trust every ti me .
Test capacitor value , leakage, dielectric absorption , and ESR dynamically;
with up to 600 volt s applied for guaranteed 100% reliable result s - it 's
exclusive - it's triple patented.

Save time and money with the only 100% reliable, in- or out-of-circuit
inductor tester available. Dynamically test inductors for value, shorts, and
opens, automatically under "dyn amic" circuit condit ions.

Reduce costly parts inventory with pa tented tests you can trust . No
more need to stock a large in ven tory of caps, coils , flybacks, and IHVTs.
The "Z METER" eliminates t ime-cons uming and expens ive parts substitut­
in g with 100% reliable LC analyzing.

Turn chaos into cash by quickly locating transmission line distance to
opens and shorts to within feet , in any transm ission line.

Test troublesome SCRs & TRIACs easily and automatically without
in vesting in an expens ive second tester. Th e patented "Z METER 2" even
test s SCRs, TRIACs, and High-Voltage Diodes dynamically with up to 600
volts applied by addin g the new SCR250 SCR and TRIAC Test Accessory
for onl y $148 or FREE OF CHARGE on Kick Off promoti on.

To try the worl d's only Dyn amic LC Tester for yourself, CALL TODAY,
WATS FREE, 1-800-843-3338, for a FREE 15 day Self Demo.
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the inductors and capacito rs in th e
12-dB hal f-sect ion networks, we
f ind t hat t he values of the capaci ­
tors in t he series co nfiguration are
twice that of those in the paral le l
configuration . O n the ot her hand ,
the values of the inductors in the
series co nfiguration are half that of
t he ind uctors in t he para llel con­
figurat ion. If yo u've pr iced enam­
e led co pper w ire lately (used for
wind ing t he inductors), yo u' ll real­
ize that economy wi ll probab ly
dictate using the series network .

Idea lly, the capacitors should be
paper or oi l-filled types with a to l­
erance not greater than 10%. Prac­
tical ly, we use non-polarized or
back-to-hack e lect ro lytics ,

The inductor must be wound
w ith fairly heavy wire, such as16 or
18 gauge, so its resistance wi ll be
neg ligib le when compared to the
speaker impedance. R-E

CIRCLE 186 ON FREE INFORMATION CARD 11
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OLD CAR RADIOS
Afte r read in g your arti cle , " New

Life fo r O ld Car Radi os," in the
Ap r i l 1987 issue of Radi o-Elec­
tronics , I was in spired to make use
of an o ld AM/FM cassette dec k th at
had been sitt ing in my closet id ly
for over a year.

I integr ated t he un it into t he
shelf of a computer desk, using an
o ld pai r of bookshelf speakers , a
12-vo lt power supp ly fro m my
jun kbox, mounting b rackets th at
had co me with the radi o , and a16­
inch rub ber car ante nna that I pur­
chased for less than $6.00.

The cassette deck was mounted
on t he undersid e of the top she lf

of t he desk . Th e antenna was
mounted through a hol e that was
drilled in a rear corner ofthat shelf.
The speakers were placed on top
of th e shelf . The setup provides me
wi th an exce llent so und syste m
that takes up littl e space at my
co mputer workstat ion.
M ICHAEL K. MIZOTE
Garden a, CA

THE R-E ROBOT
I have enjoyed the " Build the R-E

Rob ot" series th at is curren tly ap­
pearin g i n Radio-Electronics. In
fact , I have ju st re-sub scrib ed ,
afte r an absence of some years,
because of it. I've been a rob otici st

since I was a boy, lon g before it was
fashionable, and I'm current ly in­
vo lved w ith develo ping a mobil e
robot for art if ic ial intell igence re­
search. I also teach robotics for th e
State University of New York, on a
part-tim e bas is. Now fo r a few
co mme nts about M r. Sarns' de­
sign, as presented to date.

Automated equipme nt is more
dan gerou s th an no n- autom ated
equipme nt , because it can start­
under compute r contro l-witho ut
warn ing . Program bugs or elect ro/
mech ani cal fai lures can result in
runaway machines, which (as Mr.
Sarn s co rrect ly po ints o ut) can
cause a lot of damage. I would rec-
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" THE RABBIT"
VIDEO MU TIPLYING SYSTEM
TR-7000
$5195 '..4\) $59.95/6-11
~9.96/1 '5

12UP~

IT'S LIKE HAVING A
VCR IN EVERY ROOM

• 58 channels
• Remote channel changing
• Remote on/off switch
• Remote fine tuning

JERROLD CORDED
CABLE TV CONVERTER
~DEL JRX3-105

\1)34.95/10 up

I
I
I
I
I
I
I
I
••••••

(J)

~
z
o
a:
f­
o
W
-l
W

6
(5
<t:
a:

12



CIRCLE 187 ON FREE INFORMATION CARD

Analyze defective waveforms
faster, more accurately, and

more confidently - every time
or your money back .

with the SC61 Waveform Analyzer
Patented $2,995

If you value your precious time, you will really want to check
out what the exclusively patented SC61 Waveform Analyzer can
do for you. 10 times faster, 10 times more accurate, with zero
chance of error.

End frustrating fiddling with confusing controls. Exclusive ultra solid
ECL balanced noise cancelling sync amplifiers, simplified' controls, and
bright blue dual trace CRT help you measure signals to 100 MHz ea sier
than ever.

Accurately and confidently measure waveforms from a tiny 5 m V
all the way to a whopping 3,000 V without hesitation with patented
3,000 VPP input protection - eliminates expensive "front end" repairs
and costly equipment downtime.

Make only one circuit connection and push one button for each
circuit parameter test: You can instantly read out DC volts, peak-to-peak
volts and frequency 100% automat ically with digital speed and accuracy.
It's a re al troubleshooting confidence builder.

Confidently analyze complex waveforms fast and easily. Exclusive
Delta measurements let you in tensify any waveform por tion. Analyze
glitches, in terference signals, r ise or fall t imes or voltage equivalents be­
tween levels; direct in frequency or microseconds.

Speed your digital logic circuit testing. Analyzing troubl esome divide
and multiply stages is qu icker and error free - no t ime-consuming
graticule counting or calculations. Simply connect one test lead to any test
point , pu sh a button, for test of your choice, for ERROR FREE results.

To see what the SC61 can do for your troubleshooting personal productivity
and analyzing confidence, CALL TODAY, WATS FREE, 1-800-843-3338,
for a FREE 15 day Self Demo.
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Call Today Wats F ree 1-800-843-3338

SeNCOAe
3200 Sencore Drive
Sioux Falls, SD 57107 innovatively designed
605-339-0100 In SD Only with your time in mind.

Mr. Coppola is absolutely cor­
rect. The R-E Robot was design ed
as a heavy-du ty wo rkhorse quite
unlike m ost hobby robots . The
standing joke here at Vesta is to
equip a unit with over-size d, kn ob­
by tires and take pictures o f it
crush ing Hero 2000's. Se riously
tho ugh, the safety issues cannot

o mme nd th e add ition of th e fol­
lowin g safe ty fe at u res to th e
design:
• A clea rly marked and easi ly ac­
cessib le cutoff sw itch that would
be in seri es w ith th e motor(s)'
power bu s. That will allow quick
d isab l ing of a runaway machine
wi th out interrupting power to th e
co mputer/me mory.
• A motor-byp ass swi tch on each
m ot o riz ed su b asse m b ly that
w ould red irect motor power to a
set of fo rwa rd/reve rse/on/off in­
d ica to rs . That is invaluable for
t ro ub leshooting and program de­
bu gging.
• Lead acid batteries po se three
ri sks-hydrogen gas production
during charge/d ischarge cycles;
ve ry h igh voltage-di schar ge rates ­
in the event of a sho rt circuit ; and
f inally, th e acid it self. You sho uld
ve nt i late t he b at t ery co m p art ­
ment , fu se th e main power bu s at
t he battery post, and lin e th e bat­
te ry co mpartme nt with an acid-re­
sistant mater ial. Plasti c boxes are
availab le at low cost. It may be de­
sirab le to add baking soda to the
packin g materi al in the battery
co mpartment to neutral ize sp il led
acid. (I can assure you, from per­
sonal expe rience, that all mobi le
ro bots turn over soo ner or later.)

Also, any machine that uses a
chain or belt drive, as does th e R-E
Rob ot is a pot ential hazard. A Y4­
horsepower motor geared down
to 12:1 can seve r young fingers
caug ht between th e belt s/c ha in
and pull eys/sprocket s. Please put
guards over the d rive t rain s. They
are easy to fashio n and wi l l add
mere o unces to the machine.

Than k yo u fo r Radio-Electronics'
co nt inued inte rest in roboti cs. I
hop e th at my co mme nts here will
not be taken as ove rly critical; Mr.
Sarns' overall design has been ex­
cellent, and I am looking forward
to reading t he rest of th e series.
JOSEPH A. COPPOLA
She rrill, NY



ZENITH: Z·TAC Cable Add-On••••••• •• •.• . • • • • • ..• 1199."

MISCELLANEOUS
OAK: N·12 Mini-Code I 89."

N·12 Mini-Code Varl·Sync . . . . . • . • • . • . • . .. 1109."
N-12 Mini-Code Varl-5ync Plus Auto On-Off .• 1165."

JERROLD: JRX-3 DIC-36 Channel Corded Remote•.•.• '149.II

JSX.3 DIC-36 Channll Set Top. . • • . • • • . •• 1129. II

S8-3- 'The Real Thing' . • • • . . • . • • • • • • . •• 1119. II
S8-3A-4 port $99.99

*

safety pin driven in to the wood,
leavin g th e other end of th e pin
free to be moved across th e un­
gro und part of th e M arlin blade to
f ind your stat ion. Recepti on is very
good and at night we get several
statio ns incl uding the Berlin Sally
propaganda put out in Engli sh."

Have any of yo ur readers seen
any earli er referenc es to th e "razor
detector?" .
THOMAS P. SMITH IC1-USN
Sun Valley, CA R-E

CABLE TV
SPECIALS
CONVERTERS*

" ... You r Marlin double -edged
bl ade is used to make a fox ho le
radio fo r th e Yank infa nt ryme n on
thi s beachhead . All th at's needed
is a co il of w ire, in sulated , a safety
pin , a headset , and a used blade .
The blade is tacked dow n, wi th a
wire attach ed to it and go ing to
on e side of th e co il and on to th e
aerial. The othe r side of th e co il
goes to th e ground and to on e side
of the headset. A wire f rom th e
other side of the headset goes to a

VIEW STAR: EVSC· 2010-60 Channel Wireless-
with Parental Lockout. • . • . • .• I 99."

EVSC-2010 A-8 -Same asabove with
A-B Switch ... ••.•..•...•. 1109."

View Star 2501-60 Channel Wireless•.•.•.
with Volume.. . . .. .. • . .. 1119."

be ove rstated . Mr. Coppola's sug ­
ges tio ns are well taken. We have
added a main power sw i tch to
each of our units that shuts every­
thing off. One so lu tio n to th e risks
posed by using lead acid batteries
is to subs ti tu te sealed ge l typ e bat­
teries. However, th ey cos t about 5
to 10 times more than th e co n­
ventional variety. I agree, all
mobile robots do turn over. Som e­
times it 's simply a result 'of not
tightening th e axle retaining bolts
su f f i c i e n t ly (o ne l earn s the
ramifications fast!)

The ex tern al drive system is dan­
gerous-old fingers may be equal­
ly in jeopardy. I kn ow of one
company (Micro K Systems) that is
considering offering a set of vac­
uum form ed chain guards.

Perhaps I have not stressed the
safe ty issue s as much as I should
have. I have assumed thatifyou, as
a robot hobbyist, are intelligent
enough to assemble, program,
and test the robot, most of the
safe ty issue s will be self-eviden t.

M any of th e issues raised relate
to th e difference between a proj­
ect and a product. A product with
th e price/performance advantages
that the R-ERobot offers would be
impossible. But as a project, one is
not forced to protect the " inno­
cen t" with exp ensive safety fea­
tures that are not needed in your
sp eci fic application, and the basic
cost is kept down.

It is also worth pointing out that
the series, from the beginning, has
encouraged robot exp erimen ters
to use our robot only as a guide or
an examp le . We are most happy
whe n we hear of builders modify­
ing our basic design .-Steven E.
Sarn s
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THE "FOX-HOLE" RADIO
Asa follow-up to th e razor-blade

detector di scu ssion s in " Lette rs"
in December 1986and April 1987, I
th ou ght th at you and the readers
mi ght be interested in the follow­
in g item about Lt. M. L. Rupert of
Sp r ing f ie ld , MO, who mad e a
m ost in genious radio durin g
World War II. The in formation , in­
cluding part of a letter from Lt.
Rupert. , is on a plaque that has
been han gin g on a w all at th e
Armed Forces Radio and Tel evi­
sio n Servi ce as long as anyone can
rem ember. The letter reads:

JERROLD: 400 &450 Handheld Transmitters. . . . . • . • .. I 29.II

HAMLIN: MLD-1200 .. . • . I 99.II

NEW ITEMS: I Rlpco Tape Copy Stabilizer $149.95 I
Scientific Atlanta . • . • . . • . . • • . •. Call for Price

OAK: E-13 Mini-Code Substitute $ 79.95

E-13 Mini-Code WlVarl-Syn $ 89.95

AU UNITS GUARAItTEEO. QUAItTITY PRICES AVAILABLE.

UNITED ELECTRONIC SUPPLY
P.O. BOX 1206 • ELGIN, ILLINOIS 60121 • 312·697·0600
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~ 0 BP99-MINI·MATRIX
BOARD PROJECTS . . ..
$5,00. Includes 20 useful
projects that can all be as­
sembled on a small circuit
board, Vero board, or sol­
de rless breadboard. Try
them, you'll like them.

~ 0 BP 82-PROJEC TS
USING SOL AR CE L LS
... . $5.00. Simple circuits
have applications around
the home. All are powered
by the energy of the sun.
Have fun and stop buying
batteries.

~ 0 BP95-MODEL RAIL·
WAY PROJECTS . .. .
$5.00. Useful but reason­
ably simple projects tor the
model railroa der. Control­
le rs , signal an d sou nd
effects, and more.

M;n i-t'rnlltrllco BP103-MULTI·CIR· ~ 8 0.rdl'ro j• • ,.

CUlT BOARD PROJECTS
, . • • $5.00. Make oniy one
print ed- cir cuit board and
you can build all of the 21
different pro jec ts in thi s
book. Whenever possible,
the same components are
used too.

o BP 94-PROJECTS ~

FOR CARS AND BOATS
. • • , $5.00. Fifteen fairly
simple devices for use with
your car and/or boat. Com­
plete descriptio n of how
each one works and a cir­
cuit board pattern.

o BP83-VMOS PROJ· ~

ECTS • . . . $5.50. Primarily
concerned with VMOS
power FETs. Projects in­
clude audio circuits, sound
generator circuits. DC con-
trol circuits, and signal con-
trol circuits.

MAIL TO: Electronic Technology Today
P.O. Box 240
Massapequa Park, NY11762-0240

SHIPPINGCHARGES INUSA& CANADA
$0.01 to $5.00 $1.00 $30.01 to 40.00 $4.75
$5.01to $10.00 $1.75 $40 .01 to 50.00 $5.75
$10.01 to 20.00 $2.75 $50.01 and above $7.00
$20.01to 30.00 $3.75

OUTSIDE USA & CANAOA
Multiply Shipping by2 for sea mail
Multiply Shipping by 4 for air mail

Total price of merchandise $ _
Shipping (see chart) $ _

Subtotal $ _
Sales Tax (NYS only) $ _

Total Enclosed $ _

Name _

Address _

I City State Zip

~ ----------

r----------
FUN FOR

PROJECT BUILDERS
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of t he RF spectrum. It can be an
ext reme ly valuabl e tool for aTVRO
installer. Usin g it , a technician can
great ly speed up the di sh-aim ing
process and pol arizer adjustme nt.
He can measure the performance
of LNA 's and down conver t ers,
trou bl esh o ot cab l ing and co n­
nector probl em s, and even spo t
Terrestri al Inter ference (TI) prob­
lem s. Before we look at how the
analyze r can be pu t to work in
p ract ical app licat io ns, let 's take a
look at it s general spec ifications
and feat ures .

The PSA-35A offers 5 low bands
of cove rage from less th an 10 M Hz
to greate r than 1500 M Hz, and a
sing le high band fro m 3.7 to 4.2
GHz. The low bands are co nfig­
ured as fo llows:
a) less than 10 M Hz to 500 M Hz
b) 270 MHz to 770 MHz
c) 400 to 900 MHz
d) 950 to 1450 MHz
The fifth low- frequ ency band can
be p reset by the user to cove r any
500-M Hz band between 300 M Hz
and 1500 M Hz (or up to 1900 M Hz
on special o rder).

The PSA-35A offers two input
co nnectors : Th e low band co n­
nector is a BNC type, and the high­
band co nnector is an N type. Be­
cause it is a TVRO service tool , the

continued on page 20

PSA-35A

EASE
OF USE

OVERALL
PRICE

Avcom

PRICE/
/VALUE

INSTRUCTION
MANUAL

AVCOM PSA-35A
Portable Spectrum

Analyzer

REPORTS

An indespensible tool fo r
TVRO installation and

servicing.

IF YO U T H IN K OF SPECTR UM ANALYZERS

as in struments t ha t cost te ns of
t ho usa nds of doll ars and are at
hom e on-and are hardl y eve r
moved f ro m-a lab orat o ry test
be nch , yo u better t hi nk again! The
TVRO ind ustry has fue le d many
adva nces in mic rowave co mpo ­
nents. The same tec hno logy and
components that have helped th e
cost of sate ll ite recei vin g eq ui p­
ment to drop so dramati call y dur­
in g t h is decade has ben efited test
eq ui p me nt fo r mi cr owave f re ­
qu encies as we ll . We recent ly had
t he o ppo rtunity to inspect one of
t he be nefacto rs: t he PSA -35A
po rta ble spectrum analyzer fro m
Avco m of Vir gin ia, Inc. , (500 Sout h
Lake Blvd ., Richmond,VA 23235).

A spectru m analyzer is a scan­
ning radi o receiver th at di spl ays
th e signals present in a give n part

EOUIPMENT
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"If you're going to learn
electronics, you might
as well learn it right!"

"Don't settle for Jess.
Especially when it comes
to career- training...because
everything else in your life
may depend on it.
That's why you ought to

pick ClEf"

Stephen J. Simcic
.~~ Vice President, Academic Affairs



City State Zip _

Address Apt. _
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crn offers you an
Associate Degree.

One of the best credentials you can
have in electronics - or any other
career field - is a college degree .
That 's why CIE gives you the oppor­
tun ity to earn an Associate in Appli ed
Science in Electronics Engineering
Technology. Any CIE career course can
offer you credit toward the degree ­
mor e than half of the number needed
in some cases.

"Cleveland Institute of Electronics is
the only accredited institution of higher
learning offering an A ssociate Degree
program with tuition based on actual
study time used. The faster you com­
plete your degree assignments, the less
your overall tuition." Steve Simcic

Vice-President Acade mic Af fa irs

Which CIE Training fits you?
Beginner? Intermediate?

Advanced? CIE home study
cour ses are designed for
ambiti ous people at all entr y
levels. People who may have:
I. No previous electro nics

knowledge , but do have an
interest in it;

2. Some basic knowledge or
experience in electronics;

3. In-depth working experience or
prior tra ining in electronics.

You can sta rt where you fit and fit
where you start, then go on from there
to your Diploma, Associate Degree,
and career.

Today is the day.
Send now.

Fill in and return the postage-free
card attached . If some ambitious person
has remo ved it, cut out and mail the
coupon. You' ll get a FREE school
catalog plus complete information on
independent home study . For your
conven ience, we' ll try to have a CIE
representative contact you to answer
any questions you may have.

Mail in the coupon below or , if you
prefer, call toll-free 1-800-321-2155
(in Ohio , 1-800-523-9109).

Print Name

Age Area Code/Phone No. / _

Check box for G.!. Bill bulletinon Educational Benefits: 0 Veteran 0 Active Duty

MAIL TODAY!
CIRCLE 60 ON FREE INFORMATIO N CARD

State-of-the-art
Laboratory Equipment

Some courses feature the CIE
Microprocessor Training Laboratory.
An integral part of computers,
microprocessor techno logy is used in
many phases of business, including ser­
vice and manu facturing industries.

The MTL gives you the opportunity
to program it and interface it with LED
disp lays, memory devices, and switches.
You' ll gain all the practical experience
needed to work with state-of-the-art
equipment of today and tomorrow.

Microprocessor Trainer

Pick the pace that 's
right for you.

CIE understands people need to learn
at their own pace. There' s no pressure
to keep up . . . no slow learners hold
you back . If you're a beginner, you
start with the basics. If you already
kno w some electronics, you move ahead
to your own level.

Enjoy the promptness of CIE's
"same day" grading cycle.

When we receive your lesson before
noon Monday through Saturday, we
grade it and mail it back the same day.
You find out quickly how well you 're
do ing!

r · · · · - - · · · · · · · _· __·ARE64

• C IE Cleveland Institute of Electronics, Inc.
1776 East 17th S tree t , C levela nd. O h io 44114

I Accredited Member National Home Study Council

• YES...! want to learn from the specialists in electronics - CIE. Send me my FREE

I CIE school catalog...including details about the Associate Degree program...
plus my FREE package of home study informa tion.

•••••

Experienced specialists
work closely with you.

Even tho ugh you study at home, you
are not alone ! Each time you return a
completed lesson, you can be sure it
will be reviewed, graded, and returned
with appro priate instructional help .
When you need add itional individual
help, you get it fast and in writing from
the faculty tech nical specialist best
qualified to answer your question in
te rms you can understand.

Meet the Electronics
Specialists.

When you pick an electronics school,
you' re gettin g ready to invest some time
and money. And your whole future
depends on the education you get in
return .

That 's why it make s so much sense
to go with number one .. . with the
specialists . . . with CIE!

There's no such thing as
bargain education.

If you talk with some of our
graduates, chances are yo u'd find a
lot of them shopped around for their
training. Not for the lowest priced
but for the best. They pretty much
knew what was availab le when
they picked CIE as number one .

We don't promise you the
moon. We do promise yo u a
proven way to build valuable
career skills. The CIE facult y
and sta ff are dedicated to that.
When you grad uate, your diploma
shows emp loyers you know what you'r e
about. Today, it's pretty hard to put a
pr ice on that.

Because we're specialists
we have to stay ahead.

At CIE , we've got a position of
leader ship to maintain. Here are some
of the ways we hang ont o it . . . ,

Programmed Learning
Tndt'S exactly what happens with

CIE' s Auto-Programmed Lessons. Each
lesson uses famous "programmed learn­
ing" methods to teach you important
pri fI.C:p'!e-,: 'Vou " explore~ them, JTl'.mT

the m completely, before you start to
apply them. You thoroughly understand
each step befo re you go on to the next.
You learn at your own pace .

And, beyond theory, some courses
come fully equipped with electronics
gear (the things you see in technical
magazines) to actually let you perform
hundreds of "hands-on" experiments.

~u've probably seen adver­I.~sements from othe r
electronic schools. Maybe you think
they' re all the sa me. T hey' re not!

CIE is the largest independent
home study schoo l in the world that
specia lizes exclusively in electro nics.
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Instruments

co nnecto rs can supp ly (at th e fli ck of a fro nt-pane l
switch) +18 vo lts DC (W hich is required by most
LNA's and b lock downco nve rters) .

Signa ls are d isp layed be hind a10 x 7 grat icule . The
horizontal (f requency) scale can be ad juste d using
the conti nuou lsly var iab le SCAN contro l from 1 MHz
per d ivision to 50 MHz per d ivision. In ot he r words,
you co u ld expand th e entire d isp lay to show a10MHz
bandpass, or compress it to show th e signals in a 500
MHz band pass-all t he t ransponders on a given sat­
ell ite, for example. The vertica l (amplitude ) scale can
be eithe r 10 dB per d ivsio n o r 2 dB per di vision .

Using the analyzer
A TV RO i nsta llat ion tech n ic ian co u ld use th e

PSA-35AA in a number of ways-even before th e actu­
al in stallat ion . The fi rst step in any TVRO in stall ation
procedure is a site survey, w hich determines the
suitab i lity of a give n site fo r in stallati on . A clear vi ew
of the southe rn horizon is no t th e only facto r deter­
mi n ing site su itab i lity ; th e site mu st also be free of
interference from te rrest rial mi crowave links. That 's
w here the PSA-35A co mes in. When used along with
an aux il iary feed ho rn t hat Avcom cal ls t he TISH
(Terrestr ial In ler fere nce Survey Hor II), the spec trurn
analyzer can indicate t he presence o r absen ce of TI.

Knowing whether TI is present before a dish is
in stall ed can save an in stall er a lot of headach es and a
lot of extra work . In many cases, a suit ab le sit e can be
fou nd not too far fro m the f irst, bu t wi th som e tree,
bui ld ing , o r other obstructio n bl ockin g t he TI.

O nce a site is found, and a di sh and feed horn are
in stalled , a spectrum analyzer can again mak e the job
easier. At a glance, the analyze r can show the signals
in a given band and th e ir streng ths. It can mak e
homi ng in on th e Clarke belt a br eeze. And because
t he spectrum analyze r is so sensit ive, using it to aim
the dish is mu ch more reliab le than using a receiver
and a monitor. Smal l ad justme nt s of th e dish that
wo uld make li ttl e d ifference on t he pi cture seen with
a strong t ranspo nder would be see n quite dramat­
icall y on the disp lay, especia l ly when th ~ unit is
switched to an amplit ude sensit iv ity of 2 dB per d rv t­
sio n. The resu lt is bette r overal l TVRO ope rati on .

The spectrum analvzer again sbows. irs .st rengt hs
w hen it 's t ime to align tne fpola rize r. You can diSP:~r_­
the outputs of several tr ansponder s on th e screen
and watch the cross -po lar ize d t ransponder s null out.

The manu al includ ed wi th th e PSA-35A is written
directly for the TVRO installe r. Its appl icat io n sect io n
gives several exce lle nt examples of how to use th e
inst rument in TVRO in stallat ion and servi ce. It also
in cl udes severa l pre-cut acetate sheets th at can be
slipped d irect ly over th e d isp lay so th at th e signal and
switch sett ings can be t raced and kept on record. It
also in cl udes a form th at Avcom calls a SASAR (Spec­
trum Ana lyze r System Analysis Repo rt) for reco rd ing
al l pertinent information of an ins ta llation . If prob­
lems develops in the fut u re, a co mpariso n of SASAR
measu rements cou ld allow the serv iceman to qu ickl y
solve the problem.

The PSA-35A is an exce llent serv ic ing tool. It has a
suggested list p rice of $1965. If yo u are invo lved in
TVRO serv ice, yo u can expect to recoup th e cost
qu ick ly. R-E

2 year warranty

Demonstration of the
excellent transmis­
sion performance of
the HM 205-2 in
analog mode w ith a
fast riset ime 1MHz
square wave signa!.
All HAMEG Oscillo­
scopes are specified
to have less than 1%
aberrations and over­
shoot.

This screen photo
shows a 20kHz sine
wave signal in stor­
agemode.Thescreen
resolution of 1024 x
256 points offers an
outstanding display
that can easily be
compared to 'those
found on analog in­
struments .

A new Storage Oscilloscope
with 5 MHz sampling rate.

This instrument offers all the outstanding features of a
state -of-the art 20MHz realtime oscil loscope. In addi­
tion, it provides digital storage capability for signals be­
tween 50 s and 5~ duration. Maximum memory is
1024 x 8 bits for each channel. A Dot Join feat ure per­
mits linear interpolation between samp le points. An X­
Y recorder option and an optional GPIBinterface allow
full integration in automatic test systems.
In many cases, the HM205-2 can easily rep lace consid­
erably more expensive digital storage oscilloscopes.

Price incl. 2 Probes 888,- $

HM205-2

20
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Audibleccntinuity (75& 7!)

Touch Holdfundion (77)
Mullipurpose holster (77)

3-yearwarranty

Rangehold (75 &7!)

IliE'ILU r.< Ell. .
)1 JC]I(Q)([J)JOJ((J)((J)

Autorange
2(0)+ hour batlery life

\\)115. ohms. 1M. diode test

0.7%.0.5%.and 0.3%basicdeaccuracy
Analog/digital display

$79.$109, $145

FLUKE73, 75,77

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS.

The 70Series Multimeter: The Shining
Standard By Which Others Are Measured

Thesemultimetersgive you solidvalue for
yourmoney.A3-year warranty keeps youfrom
payingthepriceoverandover for lesser qual ity
meters.

Choosefrom either the basic73or the
feature-rich75 and 77. You'll find thefeaturesyou
need at thepriceyoucan afford.TouchHold' for
holding readings. Audible tones for continuity
checks. Autoranging for simple operat ion.

Uncompromised quality at competitive
prices. Get yourhandson a70Series Multimeter
at leading electronicsdistributorsnationwide. Or
call toll free 1-800-227-3800, ext. 229 for more
information.

Good
as

Gold.
mabi e t ime r, t h ree -speed record
and playback functio ns, auto re­
wind, pi cture search, pause/still ,
and o ne-to uch recording.

The model VR6600F measures
3'iE inches high , by 1615116 inches
w ide, by 13')1,6 inc hes deep. Th e
suggested retail price is $649.95.­
Samsung Electronics, America, 301
M ayhill Street, Saddl e Brook, NJ
07662.

The mod el OE-LSP.is priced at
$92.00.- Diamond Electronics, Inc.,
P.O. Box 200, Lancaster, OH 43130.

SCANNER, th e model R1p90, is 45-
. channel and includes bank scan­
ning, weather scan, and a prio ri ty
cont ro l. It is designed fo r begin­
ners as we ll as veteran scanni ng
enthusiasts, and covers more than
15,000 frequ encies fro m six of the
most popular VHF and UHF band s.
Coverage incl udes VHF low (30-50
M Hz), VHF amate ur (144--148 MHz),
VHF high (148-174 M Hz), UHFama­
teu r (440-450 M Hz), UHF (450-470
M Hz), and UHF-T (470-512 M Hz).
45 popular f reque ncies are pre­
programmed at the factory, so that
th e unit can be ope rated righ t out
of the box.CIRCLE 31 ON FREE INFORMATION CARD

HI-FI VHS VCR, t he m od el
VR6600F, is a fro nt -loading recor d­
er and it offers two video heads
w ith HQ circ uit ry fo r virtu all y
noi se-free pi ctures; hi-fi ste reo au­
d io recording/pl ayb ack; built- in
MTS decod er fo r stereo-TV broad­
casts; an d 110-c ha nne l, cab le ­
co m pa t i b le, f re que ncy-syn­
thesized t uning . The reco rde r also
features a14-day/6-event program-

SURGE PROTECTOR, t he mo del
OE-LS~ is designed to protect val­
uabl e video equip me nt against in­
du ced t rans ients f rom l igh tning.
The simple-to-install in-line device
is designed w ith extreme ly low ca­
pacita nce ci rcu itry for min im al in­
sert io n loss; t here are exte rna l
grou nd conn ections for ext ra pro­
tection against high-potenti al sur­
ges from chassis ground to earth
ground.

NEW
PRODUCTS

@ 19117.Fluke

CIRCLE 121 ON FREE INFORMATION CARD
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TAKE ANY ONE OF THESE HANDBOOKS
- when you join the ELECTRONICS AND

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

• the latest and best information in your field

• discounts of up to 40% off publishers' list prices

047/790

Publisher's Price $8950
TELEVISIONENGINEERING
HANDBOOK
Edited by K. B. Benson
• 1,478 pages, 1,091 illustrations
• packedwith all the technical information

today's engineer needs to design, operate,
and maintain everytype of television
equipment

• extensive coverage ofreceivers, broadcast
equipment, videotape recording, video
disc recording, and the latest
technological advances

• provides television system andindustry
standards for the u.s.and other countries

• the most comprehensive book on the
subject of televisionengineering

287/35X

322/910

Publisher's Price $110. 00
ANfENNA ENGINEERING
HANDBOOK, Second Edition
Edited by R. C. Johnson and H. jasik
• 1,408 pages, 946 illustrations
• covers all types ofantennas currently in

use witha separate chapter devoted
to each

• provides detailed data on physical
fu ndamentals, operating principles, design
techniques, andperformance data

• up-to-the-minute information on antenna
applications

• a must for those involved in any phase of
antennaengineering

Publisher's Price $645 0
STANDARD HANDBOOK OF
ENGINEERING CALCUlATIONS,
Second Edition
ByT. G. Hicks
• 1,468 pages, 793 illustrations, 499 tables
• puts more than1,100 specific calculation

procedures at your fingertips
• everycalculation procedure gives the

exact, numbered stepsto followfor a
quick, accurate solution

• virtuallyallprocedures can be easily
programmedon your PCor calculator

• uses USCSand Sl units inall calculation
procedures
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FOR ONLY $14.95-VALUES UP TO $110.00
CONTROL ENGINEERS' BOOK CLUB®

Publisher's Price $82,50
MODERN ELECfRONIC CIRCUITS
REFERENCE MANUAL
By]. 1.Markus
• 1,264 pages, 3,666circuit diagrams
• a handy, desktop reference with 103

chapters organized by"family" grouping
• filled with predesigned anduse-tested

circuits to save you production time and
money

• includes concise summaries ofallthe
recent applications notes, journal articles,
andreports on each circuit, efficiently
organized and indexed for the practicing
engineer

Publisher's Price $89.00
ELECfRONICS ENGINEERS'
HANDBOOK, SecondEdition
ByD. G. Fink andD. Christiansen
• 2,272 pages, 2,189 illustrations
• unrivaled for its completeness, authority,

reliabilityand timeliness
• 80% newor extensively revised
• preparedbya staffof173 expert

contributors
• brings you more than 2,000 formulas and

equations
• has over 2,500 bibliographic entries

4 reasons
to join today!
1. Best and newest books from ALL pub­
lishers! Books are selected from a wide range of
publishers byexpert editorsandconsultants togive
you continuing access to the best andlatest books
inyour field.
2. Big savings! Build yourlibraryandsave money,
too! Savings range up to 40% off publishers' list
prices.
3. Bonus books! You will immediatelybegin to
participate in ourBonus Book Planthat allowsyou
savings up to 70% off the publishers' prices of
manyprofessional andgeneral interest books!
4. Convenience! 14-16 times a year (aboutonce
every 3-4 weeks) you receive the Club Bulletin
FREE. 11 fully describes the Main Selection and
alternate selections. A dated Reply Card is in­
cluded. If you want the MainSelection, you simply
donothing":" itwillbeshippedautomatically. Ifyou
wantan alternate selection - or nobookat aII­
yousimplyindicate itontheReplyCard andreturn
it by the date specified. You will have at least 10
days to decide. If, because of late delivery of the
Bulletin you receive a Main Selection you do not
want, you may return it for credit at the Club's
expense.
As a Club member you agreeonlyto the purchase
ofthree additional books during your first year of
membership. Membership maybe discontinuedby
either you or the Club at any time after you have
purchased the three additionalbooks.

Name _

Signature _

I wish to order the following book:

D ANTENNA ENGINEERING HANDBOOK (3221910)

D MODERN ELECTRONIC CIRCUITS REFERENCEMANUAL (404/461)

D ELECTRONICS ENGINEERS' HANDBOOK (209/812)

D TELEVISIONENGINEERINGHANDBOOK (0471790)

D STANDARD HANDBOOK OF ENGINEERING CALCULATIONS (287/35X)

FOR FASTER SERVICE IN ENROLLINGCALLTOLL FREE 1-800-2-MCGRAW

r-------------- --------------- -- ---- --------- ----~McGraw-Hill BookClubs
Electronics and Control Engineers' BookClub®
11 West 19th Street
4th floor
New York, NY 10011

Please enroll me as a member of the Electronics and
Control Engineers' BookClub@and send me the book I
have chosen for only $14.95, plus localtax, postage, and
handling. I agree to purchase a minimum of three
additional books during my first year as outlined under
the Club plan described in this ad. Membership in the Address/Apt. #- - - - - - --- - - - - - - - - - - - - - - - -
club in cancellable by me or McGraw-Hillanytime after City/StatelZip -:-_ _ -:-..,,----:--:-__-:- ~--___:--...,..,____:,__
the three book purchaserequirementhas beenfulfilled.A This ordersubjectto acceptance by~lcG raw·Hill Offer goodonlytonewmembers. foreignmemberacceptancesubject tospecialconditions.
shippingand handling charge is added to allshipments. This offer expiresJuly1.1987. E338~

L. ~
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CABLE CHECKER, th e m ode l
OX-50, is pock et -sized , and in­
stant ly eva luates th e integrity of
any 2, 3, o r 6-wire RJ-11 modular
telephon e or data cables. To use,
simply pl ug in both cable ends and
examine the three two-co lor LED:s
on th e front panel to determ ine
th e integrity of th e cable pairs. Si-

CIRCLE 33 ON FREE INFORMATION CARD

The unit's small size and con­
struction allow it to be remotely
mounted , hidden , o r placed on a
she lf. The model RF-36 is pri ced at
$79.95.- Rhoades National Corp.,
P.O. Box 1316 Dept. ZN 9, Colum­
bia, TN 38402.

Weather Service freq uencies to
find the act ive frequency in a few
seco nds .

Th e mod el R1090 has a sug ­
gested retail price of $239.95.- Re­
gency Electroni cs, 7707 Record s
Street , Indianapoli s, IN 46226.

ANTENNA/AMPLIFIER, the mod el
RF-36, is designed fo r FM-stereo ,
VHF- and UHF-TV, or police-scan­
ner application s. Featu res include
50- to 950-M Hz bandwidth , 12-dB
signal gain, 75-ohm output , and
117-volt AC ope rat io n.

8 vo lumes, over 2000 pages,
inc lud ing all necessary math and
physics. 29 examinations to help
you gauge your personal pro­
g ress. A truly great learning
experience.

Prepare now to tak e advan­
tage of th e grow ing demand for
peop le able to work at the engin­
eering leve l.

Ask for ou r brochure giving
complete deta ilsof conten t. Use
your free information card num­
ber, or write us directly. $99.95,
Postage Included. Satisfacti on
guaranteed or money refunded.

CIRCLE 32 ON FREE INFORMATION CARD

Banner
Technical
Books, Inc.
1203 Gra nt Ave.
Rockford. IL 61103

Get A Complete Course In

ELECTRONIC
ENGINEERING

For add ed co nve n ie nce, f re ­
qu encie s can be grouped into any
of fo ur channels for " bank scan­
ning" . (For example, " Bank One"
co uld include all commo n po li ce
fre quenc ies; " Bank Two" can in­
cl ude fire channels, etc.) All four
banks can be scanned at on ce, o r
individual bank s can be scanned
to spee d up the scanning cycle .
When th e "weathe r scan" key is
p ressed , t he sca n ne r automat ­
ica l ly sea rc hes a l l Nati on al

CIRCLE 183 ON FREE INFORMATION CARD

CRYSTEK

QUARTZ
CRYSTALS/OSCILLATORS

FOR
ELECTRONIC - INDUSTRIAL

• Micro-Processor Control
• Comp uters /Modems
• TesVMeas urement
• Medical

COMMUNICATIONS-REPLACEMENT

CIRCLE 193 ON FREE INFORMATION CARD

• CB
• Hobbiest
• Experimenter

• COST EFFECTIVE
• MODERATE PRIC ING
• FAST DELIVERY

• Mo bile/2-way/Channel Elements
• Pagers
• Marine
• Ai rcraf t
• Te lemetry
• Monitors/Scanners

AMATEURS

Reliability & Quali ty
From tart To Fin ished Product
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The
Pulse of
Dependable Communications
Crystek Crystals offers their new 16 page
FREE cata log of crystals and osci llators .
Offer i ng state -of- t he -a r t crys t a l
components manufactuered by the latest
automated tec hno logy. Custo m design ed or
"off the shelf," Crystek meets the need,
wo rld wide. Write or call today!

CRYSTEK CRYSTALS
2351/2371 Crystal Dr. • Ft. Myers , FL 33907
P.O. Box 06135 • Ft. Myers , FL 33906-6135

TOLL FREE 1-800-237-3061
(813) 936-2109 - TWX 510-951-7448
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Ex perts sho w you what to do, how to
do it ...guide yo u every ste p of the way!

uniden'
IBearcatJ

Compare At $229.99

Liquidation $139
Priced At .. . . .

Item H-2504-7146-384 5 tH: $4.00 ea.

Hear the Action As It's Happening! Pick
up all the listening excitement including
fire, police, weather, and more... with this
pocket-size, hand-h eld Bearcat®Scanner.
Rebuilt-like-new by trained techni cians,
this Model50XL carries a 9O-Day Limited
Vendor Warranty on Parts and Labor.
Order now at a LOW liquidation price!

• Scans 10 Channels Over 10 Bands.
• Covers Frequencies 29-54; 136-17 4;

406-512 MHz. Scans 15 Channels Per
Second. Built-In 3 Second Delay, Cuts
Missed Transmissions.

• Keyboard Lock Prevents Acci dental
Information Entry.

• Frequency LCD,Squelch,Volume, Lock­
out and Review Controls.

• 6Yi ' Flex Antenna. Belt Clip. Uses 5 "AA"
Batteries (Not Included).

10 CHANNELSCANNER

Credrt card memben can ord er by
phone. 24 hOUri a day, 7 days a week .

Toll-Free: 1-800-328-0609
Sales outsid e the 48 contiguoul l lates are subjec t to

special con dition• . Please call or write to inquire.

Cash in on the Video-Cassette Boom!

START YOUR OWN TV/VCR
REPAIR BUSINESS

at Home in Spare Time

ates at 4800, 9600, and 19,200 baud ,
in addition to it s ex ist ing rates of
110-2400 baud . Exi sting uni ts can
be upgrad ed throu gh t he pur­
chase of an up grade kit. It is fu lly
compatibl e with A NS I/ECMA ,
RS-232C -BUS, and CC ITT V.24­
BUS standards, and cassette inter­
chan geability is guarantee d . Each
terminal in co rporat es cassette
tape dr ive , mi croprocessor con­
troll er, and dual interface ports; it
is particular ly de sign ed for data­
coll ection and da ta co m m unica­
tions applications.

The model 5450XL is priced at
$2495 .00.- M emtec, Keewayd in
Drive, Salem , NH 03079. R-E

continued on page 81

NO W it's easy for you to
get in to this mo ney ­

ma king business. Be th e
person in de ma nd by th e

lIIlS milli ons of families who
110 Pl\E~~CE ow n vide ocassette record-
il~i'is~l\l! ers- the fast est-growing pro duct in

the home en te rta inme nt field .
Trai n at h om e in your spare time for an exciting
care er as a TV /VCR Repair Spe cial ist. Exp ert s
show yo u how to start small at hom e with low
overhead . Later you can go afte r repair business
from hotels, offices, hospit als and other
com pan ies who use TV s an d VCR s in th eir
dail y ope rations .

AWl
Diqi-TIlEltMo*

MODE L QT- ll1O

D IGITAL THERMOMETER, th e
model OT-160, is pocket-sized and,
in addit ion to it s extendable tem­
perature probe, has a temperature
sensor mounted on its front panel.
That allows the user to switch be­
tween reading room temperatures
and probe te mperatu res in sec­
o nds. There is also a bui lt-in clock
t hat displays time w he n selected,
and the un it is programmable at
two individual temperature limits
that t rigger an audible alarm. The
mod el OT-160 has a built-in t i lt
stand and spring clip that allows it
to be p laced in almost any loca ­
tion. Its range is 00s-159 .8 F(-19.9°
to 71° C).

mu ltaneou sly, th e co lor of th e
LED's determine whether th e ca­
bl e is prop erly wired for data use
wi th st raigh t -t h ro ug h pinnin g
(l ights red ), or for voice co mm uni­
cation with crossed pinning (li ghts
g reen). The high-impact case is
2.4" x 3.8" x 1" and operates from
one alkaline 9-vo lt battery (sup­
plied ). The model OX-50 is pr iced
at $26.95.-L-Com Data Products,
1755 Osgood Street, North An­
dover, MA.

\

"'---
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The model OT-160 comes with
battery, 34" attached probe lead,
and one-year warranty; it is priced
at $45 .00.-A. W. Sperry Instru­
ments, Inc., 245 Marcus Boulevard ,
Hauppauge, NY 11788.

CASSETTE TERMINAL, the model
5450XL, is m icroprocessor-based,
w ith exten ded baud-rat e ca­
pab ility. The new model now oper-

Learn how to handle house calls and shop reo
pai rs-everything you need to kn ow to get start ­
ed fast . Tools are included with your cour se so
yo u get " hands-on" practice as yo u fo llow yo ur
lessons step by step . Everyth ing is ex plained in
easy -to -un derstand language, bu t if th ere is ever
anythin g in your lesson s you don 't understan d ,
yo u ca n write or phone your instructor and you
can count on getting an author itative ans wer .
Get free facts and color brochure that te ll about
home business opp ortunities. No cost . No
obligation . No salesm an will visit .

MAIL COUPON TOD AYI

leG SCHOOL OF TViVCR REPAIR, Dept. DE067I SINC E 1111 Scranton, Pennsylvania 18515

I Please send me free facts on how I can learn I
I TV /VCR Rep air at home in my spare time. I
I Name Age_ _ I
I Address I
I City/State/Zip I
LP~':.(_.2 .J
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SEND TO: Item H-25D4
C .O .M.B. Direct Ma rk eti ng Co rp.
1405 Xenium Lane N / Minneap olis, MN 55441-4494
Send_ Bearcat" Hand-Held Scanner(s) Item H-2504­
7146-384 at $139 each. plus $4 each for ship. handling.
(Minnesota residents add 6% sales tax. Sorry , no C.O.D.
orders.)

o My check or money orde r is enc lose d. (No de lays in
processing orders paid by chec k)

~~'rcSKE 0 I "" I0 S D el 0 ''#4
Acct. No. Exp-.-L.-

PLEASE PRINT CLEARLY
Name _

Address

City
c...

Sta te ZIP C

Phone C<
<D
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--J
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THE MOST POPULAR
WIRE·WOUND CB ANTENNAS

IN THE WORLD
Because...they perform!

FACT

DRAWING
BOARD

MEMORY A.RIMY
(#/6/f X 8)

AO- A 6

4 7 -A /5

....-- - ---t ..vl S

CA 5

0 /# £Jour

of spec ial dynamic RAM co ntrol­
lers are available that take care of
all of a dynam ic RAM 's sp ecial
needs, and make them almost as
easy to use as static RAM . To help
you get a good grasp on how to
use dynamic RAM , we' l l put to­
gether a simple system ; and al ­
though the system wo n't be state­
of-the-art , once you understand
how it works you' l l have a good
grasp of the basic considerations
of designing with dynamic RAM .

Keeping in mind the DRAM (Dy­
namic Random Access Me mory)
character ist ics we d isc ussed last
month, you can see that any sys­
tem using them has to have certai n
build in g b locks. Th e bl ock di ­
agram in Fig. 1 describes not on ly
the system we ' re putting together,

FIG .l

LO W IJYTE

A 7-4/5

A O-Ab A IJIJR£SS
.BUFFER-LON

Dynami c memory

E#AL3Le

Things have changed.
Tod ay 's cheap 64K dynamic

RAM's are mu ch easier to use and,
since t hey give so many bits fo r the
bu ck, any designe r worth his salt
has to be familiar w it h them. Lots

ROBERT GROSSBlATT

UP U NTI L ABOUT EIGHT O R N INE YEARS

ago, syste ms des igners wo uld
avoid dynam ic memory li ke the
plag ue . The reaso n for that was
simple : the d isadvantages far out­
we ig hed t he advantage s. Yo u
cou ld plop static RAM in a circuit
and use it without much other
tho ug ht, but dynamic RAM re ­
quired a lot of support circuit ry. In
fact, back in those days a 16K dy­
namic RAM was a bi g deal: it
needed three supply voltages and
was very particular about tim ing.

"When CB was legalized in England,
'F i resti~' antennas were barred from sale
because the emitted signal was too
strong. Fortun ately, no other country,
inc ludi ng t he U.S . , limits ant enn a
efficiency."

Call or Write for FREE Catalog

'Firesti~' Antenna Company
2614 East Adams

Phoenix, Arizona 85034
(602) 273-7151

MILLIONS OF SATISFIED OWNERS

YOU CAN HAVE SECOND
BEST OR, 'Firestilt'!

Our New and Highly Effective Advanced-Place­
ment Program for experienced Electronic Tech­
nicians grants credit for previous SChooling and
Profess ional Experience, and can greatly re­
duce the time required to complete Program and
reach graduation. No residence schooling re­
quired for qualified Electronic Technicians.
Through this Special Program you can pull all of
the loose ends of your electronics backg round
toget her and earn your B.S.E.E. Degree. Up­
grade your status and pay to the Engineering
Level. Advance Rapidly ! Many finish in 12
months or less. Students and graduates in all 50
States and throughout the World. Established
Over 40 Years ! Write for free Descriptive lit­
erature.

EARN YOUR \,;,VeB.S.E.E. \
DEGREE

THROUGH HOME STUDY

CIRCLE 100 ON FREE INFORMATION CARD
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First section
You sho uld be fami liar with the

memory array because we've al­
ready spent lots of t ime talking
abo ut dy nam ic RAM in ge neral
and 4164's in particu lar. Each of the
eig ht lC's has its address and con­
tro l lin es bu sed togeth er. The DATA

IN and DATA OUT pi ns on each IC are
also t ied together, because the di ­
rection of data flow wi ll be co n­
tro lled by the rest of the system,
and the 4164 can be to ld to three­
state its output.

Second section
The ref resh ci rcuitry is designed

to count syste mat ically th rou gh all
the addresses needed to mainta in
the stored data. That is, of co urse,
the big drawb ack of using dynami c
RAM : IC designers have made re­
fresh as easy as possibl e and, if yo u
read a 4164 data sheet, yo u' ll see
t hat t he re are severa l ways in
w hich it can be done. We ' ll be
doing a «ss-o nlv refresh , w h ic h
means that we present a row ad­
dress to th e AO to A6 address pin s
of t he mem ory array an d t he n
brin g the RAS lin e low. That wi ll

c....
C
~

~fQ51~~
~~~~

Credit card memben can order by
phone . 24 houn a day , 7 days a week .

Toll-Free: 1-800-328-0609

• Acc ess t he stock market , ta ke college
classes, do your shopping and more.

• For Commodore 64K or SX64.
• Has modular jacks for quick, eas y

hookup t o your phone system!
• Works on Touch'Ione" and Rotary

(pulse) dialin g (not PBX).

Overstock liqu idation. Simple communi­
cation s pac kage co nnects 64K or SX64
for on-line teleph one use. No special
computer knowledge required. This
super- intellige nt softw are is completely
menu -driven and easy to understand.

Features: 30K software buffer. 300 Baud.
Auto-dial simp lif ies complex modem
steps. Upload , download of text, pro ­
grams, data files. Captures and displays
hi -resolution , mapped graphi cs files.
Color se lection menu. Eq uipme nt
neede d: C64, monitor, and disk drive or
SX64.
NOTE: Price includes trial SUbsc ription to over 52 data
base services for vast info rma tio n. Initial sign-up fee is
FREE. All you pay is the on -line time you use, plus
month ly rate.

90- Day Umited Factory Warra nty.

Mf r. U st: $109.95 $19
Uquidation
Priced At .
Item H-2544-3646-007 Ship, hand: $4.00 ea.

~ Direct MarketingCorp.
Authorized Liquidator
1405 Xenium Lane North •

Minneapolis, Minnesota 55441·4494

Sales outside the 48 contiguous states are subject to
spec ial cond itions. Please call or write to inquire.

-------_ ._- -- - -
C.O.M.B. Direct Marketing Corp. Item H.2544
1405 Xenlum Lane N/Mlnneapolis. MN 55441·4494
Send_Modem(s) Item H- 2544·3646-007 at $19 each ,
plus $4 each for ship. hand ling. (Minnesola residents add
6% sales lax. Sorry, no C.O.D. orders .)

o My chec k or money order is enc losed. (No delays in
process ing orders paid by check.)

PLEASE [£] tCZ5l d ~
CHECK: 0 ~ O~ 0 ' , , O~

ACCl No. Exp._ _I__
PLEASE PRINT CLEARLY
Name _

Address _
City _

Slate ZIP _
Phone ......l..__-l- _

Sign Here _
RE·BBS

516·293-2283

l eave your comments on R·E
with the SYSOP.

Communicate with other R·E
readers.

Add yourselt 10ouruser tiles
to increaseyour access .

We support 300and1200
baudoperation.

The more youuseit the
more usetul it becomes.

Parameters: 8H1 (8 dala
bits, no parity, 1 stop bit) or
7E1 (7 dala bils, even parily,
1 slop bit).

Try the.....
Eleel......

bulletin board
system

(RE·BBS)
516-293-2283

(819)743-7143

" MORE THAN A CONTACT CLEANER"

CRAMOUN
aell & Howell
eoe;ng
Capitol Records

CRAMOLlN~ Is a fast-acting, antl-oxidizing lubricant that cleans and
preserves all metal surfaces, including gold.

Whenapplied to metal contacts and connectors, CRA M O Ll N <!> removes
resistive oxidesas nforms a protectivemolecularlayerthat adheresto the metal
surfaces and maintains maximum electrical conductivity.

1175-0 IndustrialAve.. (p.O. Bcx J) - Esoondido, CA 92025-0051 U.S.A.

• USED BY THOSE WHO DEMAND THE BEST:
Hewl"" Pacl<ard MC~Sonyj N. lalmlcl1l
JaIln Au ka Mig. 1,401_. RCA
Mcintosh lab. NASA Switchcreft

r.;;;-;-;;:;::;-p.....~..~~.W!~~~"P'!"!!'!'P~SINCE 1956

Even the finest equipment in the world cannot guarantee nclse-Iree operation.
One "dirty" connection anywhere in the electrical path can cause unwanted
noise or signal loss.

but also one that uses the mo st
sop hist icated LSI DRAM control­
ler. Th e difference between t he
two is w here the elements are
fo und . A lot of the di screet parts
we ' ll be using are packed together
in the subs t rate of LSI devi ces such
as Intel 's 8208 fam ily. Once yo u' re
famil iar wi th our system, pu tting
together an LS I system wi ll be a
relative ly easy task .

The system has three main sec­
tions, and altho ugh each one does
a separate job, they have to inter­
act as we ll .

1. The memory array : That sec­
t io n co nta ins only the actua l sto r­
age devi ces. In o u r c i rc uit it 's
made up of eight 4164's, each of
w hich is o rganized as 64K x 1 bi t .

2. The refresh ci rcuit : That pro­
du ces t he contro l signals, sequen­
t ial addresses, and th e t iming logic
to maintain the data in the memo­
ry array.

3. The I/O ci rcui t ry : That circuit ­
ry gene rates the necessary t iming
and co nt ro l sig nals to let an exte r­
nal devi ce get access to th e memo­
ry array.

Let 's look at each of th e sect io ns
individ ually.
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FREE CATALOG OF HARD-TO-FIN~

TOOLS is packed with more than 2000
quality items. Yoursingle source for precision
tools used by electronic technicians, engi­
neers, instrument mechanics, schools, labo­
ratori es and government agencies. Also
contains Jensen's line of more than 40 tool
kits. Send for your free copy today! JENSEN
TOOLS INC., 7815 46th St., Phoenix, AZ
85044. (602) 968-6231.
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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 Y4 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

BUILD STEVE CIARCIA'S NEW VIDEO
DIGITIZER . • True "Frame Grabber ", pic
takes 1/60th sec. Not bus Dependent ­
Standalone digitizer. Serial output, trans­
mits 300bps to 57 .6Kbps • Resolution :
256 x 244 x 6 w/64 level grayscale. Accepts
any NTSC video input , B&W or Color
• Optional Rec/Display makes Video Tele­
phone. Images can be stored & displayed
on IBM PC. Full Digitizer/Serial Transmitter
Kit - $249. Call for other options and specs.
CCI,4 Park St., Suite 12,Vernon, CT 06066.
(203) 875-2751.

CIRCLE 206 ON FREE INFORMATION CARD

SEE IN TOTAL DARKNESS - BUILD THIS
AMAZING IR VIEWER. Applications include;
night surveillance, IR photography, laser
tracking, fibre optic observations , hi-temp
thermal viewing, IR alarms, IR communica­
tions & controls, IR astronomy & microscopy,
document examination, painting & stamp au­
thentication etc. Kit $189 delivered. (Dealers
wanted). Catalog $1. 514-739-9328. OCTE
ELECTRONICS, Box 840, Champlain, N.Y.
12919
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A CAREER START FOR THE 21ST CEN­
TURY. Since 1905, National Technical
Schools has helped people build successful
careers . Enter the 21st Century through
home study courses in Robotics, Computer
Technology and Servicing, Microprocessors,
Video Technology, Basic Electronics, Trans­
portation Technology, Climate Control Tech­
nology or TV and Radio Servicing . For a
FREE catalog, call 1-800-B-BETTER. Or
write NTS /INDEPENDENT TRAINING
GROUP,456 West M. L. King Jr. Blvd. L.A.,
CA 90037.
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CALL NOW
AND

RESERVE
YOUR SPACE

• 6 x rate $745.00 per each insertion.
• Reaches 239,312 readers.
• Fast reader service cycle.
• Short lead time for the placement of

ads.
• We typeset and layout the ad at no

additional charge.

RADAR SPEED GUNS. Professional (used
by pol ice). From $275. Used for clock ing
speeds in baseball, car/boat racing, bowling,
skiing, etc. ZENITH SSAVI $169+. Recondi­
tioned, original UHF equipment. Satellite
components. Surplus TV equipment: N-12,
SB-3, Hamlin 1200, Ztac, etc. Converters,
amplifiers, TV acessories. Catalog & coupon
$1. SSAV I mod ification/troub leshooting
handbook $6.50 ppd. AIS SATELLITE, INC.,
P.O. Box 1226-M, Dublin, PA 18917. 215­
249-9411.
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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.CIRCLE 94 ON FREE INFORMATION CARD

NEW 442 SYNE WAVE DECODER WITH
VARI SYNC-Replaces the oak N-12$80.00,
S.B. add on decoder $99.00, S.B. Tri-Bi de­
coder $100.00, Zenith SSAVI $185.00, S.B.­
S.A. decoder $140.00, Starcom converter
$139.95. Buy a decoder take off $(10.00).
Guaranteed. (402) 331-4957. Call or write for
your free catalog . Many other products &
quantity pricing. M.D. ELECTRONICS, 5078
So. 108th #115A, Omaha, NE 68137

CIRCLE 208 ON FREE INFORMATION CARD

TUNABLE NOTCH FILTER-for elimination
of any TV, FM, or VHF signal. Can be tuned
precisely to ANY signal within these ranges:
' MODEL 26-Ch's. 2-6 plus FM [54-108 Mhz]
' MODEL 1422-Ch's. 14(A) -22(1) [120-174
Mhz] ' MODEL 713-Ch's. 7-13 [174-216 Mhz]
Highly selective 60dB notch. Send $30 each.
Quantity prices as low as $14. STAR CIR­
CUITS, P.O. Box 8332, Pembroke Pines,
FL. 33084
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automatically ref resh all t he mem­
o ry cell s located in t hat row.

A 4164's m em ory m atr i x i s
o rganize d as 128 rows by 512 co l­
umns, so it's on ly necessary to se­
quence t hrough 128 add resses to
compl ete ly refresh t he d ev ic e .
We're usin g 7 ad dress lines, (ADto
A6), because two to t he sevent h is
128. O n the simplest level, refresh
is don e by putting o ut a 7-b it ad­
d ress and st rob ing RAS, but there
are other thi ngs to deal with as
we ll. As w e'll see, t iming is th e
really crit ical facto r and th e state of
th e ot he r memory-control p in s has
to be co nsidered as well.

Third Section
The last sect ion o f o u r c i rc ui t

handl es the I/O. It 's all we ll and
good to build a syste m th at can
p rop erl y massage dyn ami c RAM ,
bu t it 's not mu ch good unless
there's so me way to sto re and ac­
cess t he data in the RAM. Any sys­
te m wanting access to our circuit
o n ly has to give it an address, data,
and a read or write request, and
t hen sit back until it 's noti f ied that

the job is don e. Do ing that w it h
stat ic RAM is simple, but th e co n­
stant refresh activity that is go ing
on in a dynamic RAM syste m co m­
pli cates t hings.

Se rv ic ing a memory req uest
means accessing a locat ion some ­
where in the mem ory array's ad­
dress space. The chance s are slight
t hat t he requ ested lo cat io n is
going to be on the row that's cur­
ren tl y be ing refr esh ed ; and it
would take too lon g, and requ ire a
lot of extra ci rcuit ry, to wait un til
th e refr esh c i rc u it ry reac hes t he
parti cul ar row co ntai n ing the re­
qu est ed lo cati on. A n exte rna l
mem ory requ est means that th e
refresh activity has to be halted ,
access has to be given to the re­
qu ested locati on , and then the re­
fresh ci rcuit can regain co ntro l of
the memory.

If you' re beginni ng to think that
here is a real nightmare for a ci r­
cuit designe r, yo u' re starti ng to ap­
prec i at e an d und erst an d t he
reservati on s th at most ci rcui t peo­
pl e have abo ut u si ng dynam ic
RAM . Given all the needs of ou r

syste m, puttin g one togeth er with
a gates-o n ly ap p roach w ou ld be
ext reme ly co mplex, even if th e job
were d on e using MS I co mpo­
nen ts.

O ne of th e maj or prob lem s
w hen deal ing w it h dy namic RAM
is the st rict t im ing parameters. A
standard 41 64 w ill retain the data
sto red in its p int -sized capacito r
cells fo r only 2 mill iseco nd s. That
means that yo ur ci rcuit has to per­
form a refresh on each ce ll within 2
milli secon ds or the data is lost.

Since a RAs-type refresh works
on a w ho le row at a ti me, and since
th ere are 128 rows in a 4164, the
refr esh mu st be performed at least
every 16 microseco nds . The circuit
that takes care of all that for yo u
m ust be design ed to seq ue nce
throu gh several steps for each re­
fresh ope rat io n.

1. The refresh co unte r has to in­
creme nt to th e next address.

2. That add ress has to be pu t on
the address bus fo r the RAM.

3. A RAS signal has to be gener­
ated and fed to all the RAM .

continued on page 81

TEST INSTRUMENTS High Quality
Lowest Prices
Off-The-Shelf
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Service&Shipping Charge Schedule
Continental U.S.A.

FOR ORDERS ADD FOR ORDERS ADD
$25·100 $4 .50 $751·1 ,000 $12.50
$ 101·250 $6.00 $1,001·1500 $16.50
$25 1·500 $8 .00 $1,501·2,000 $20.00
$501·750 $10.50 $2,00 1 and up $25.00

SCOPE 4V2 Digit LCD
Bench Digital Multimeter
Model $.mtlQ5
DVM-6005 1i';T'

Test leadset&6"0" size batteriesincluded • 0.4" high
characters ' Conversionperiod: 500 milliseconds
• Automatic, negative polarity

HITACHI 35 MHz Dual Trace oscillo;gcoe
_II!.!!II. .- Model V·355 $5 5• ••,a (Reg. $899.95)

Probes included' Thin, lightweight,
compact • Large 6" rectangular,
internal graticule CRT. Autofocus

FORDHAM 550 MHz Frequency Counter
~~~ Model FM-8 $16995

F .... _ (Reg. $249.95)
... ><. -:;;:- Completely assembled, pre-tested,

precalibrated • Highintensity B-digit
LED display

SCOPE 3V2 Digital Multimeters
Model $711Q5
DVM-638 ;T'
Test leads included ' 11function, 38 T""- - _ J
ranges • Logic leveldetector • Audibl -------------
visualcontinuity • capacitance and
conductance measurement.

SCOPE 3V2 Digit Capacitance
Model $611Q5
DCM·602 ;T'
Test leads included • 8 rangeswithfull
scale values to 2000 uF • LSI circuit
• Crystal time base • Frequency range
800 Hzto8 Hz

..-J!!I!I!!!!l.1 SCOPE 3V2 Digit LCD
Multimeter $2995Model
DVM-630

Model
DVM-632
Deluxetest leads included
• 0.50Al accuracy • Transistor
gain test- Audible continuity
checking & diode test1:==:;;:. .10 Ampmeasurement

260 Motor Parkway , Hauppauge, NY 11788

Test leads included ' 0.5% M d I' $6275accuracy ' 6 functions, D~M~636
19ranges • Automatic zero • 7 function, 32 ranges • 8 function, 37 ranges
adjust • Lowbattery indication • Transistor measurem ent • Capacitance measurement

• Measures5" x23f4 " x ~" " I~__.iijj~~:;;--;;;~~~........ . SCOPE Pocket Sized Audio t/~III' ""......__
....If .. .. B&K20 MHz Dual Trace Signal Generator

I ::-•.'~~ ~~~el $37995 ~~5~5 $6995
Jt ~I t - - - Probes included ' 20and 26
/v"ePJ. _--:-- MHz band widths' TVVand ~ Test leads & 9V battery included• Low

.!:!. !'\. distortionsine-wave signal ' 46step
TVH' X-Yoperation• Trace rotation: adjustable _ - selectedfrequency ' xt range20Hz to
frontpanel' Channell output .: :::;=- . 1.5KHz/xl00 range 2KHz to 150KHz

:eo,:iii: 00 Phone orders accepted. -M M 0l<NrR€e~

Fordham ~~~~ 800·645·9518
In New York State 800-832-1446



Do Y ou R EALL Y Want to M ake M ore M oney ?
Yes it doc s take work and a few sacrifices to

climb up the electronics ladder to where the bigger
money is. But, if that's where you want to be, then
that's what you must do - work harder at learning
and getting the right credentials, even if it takes a
few sacrifices. A B. S. degree and the knowledge
that rightly goes along with it can give you powerful
ladder-climbing equipment in your search for suc­
cess in electronics.

The accredited Grantham non-traditional B.S .
Degree Program is intended for mature, fully­
employed workers who want to upgrade their elec­
tronics careers.

ELECTRONICS
You say you're already trained in electronics
but that you're not making enough money???
Well then, maybe you don't have an accredited
bachelor's degree to prove that your education
is up to snuff! Check out the Grantham Inde­
pendent-Study B. S. Degree Program. It could
make a dollars and sense difference in your
electronics career.

Grantham offers this program, complete but
without laboratory, ' to electronics technicians
whose objectives are to upgrade their level of
technical employment. Since the field of elec­
tronics is so enormous, opportunity for ad­
vancement is always present. Promotions and
natural turnover make desirable positions
available to the man who is ready to move up.

Grantham College of Engineering
10570 Humbolt Street

Los Alamitos, California, 90720

Put Professional Knowledge and a

COLLEGE DEGREE
in your Electronics Career through

Independent Home Study
Study materials, carefully written by the Grantham
College staff for independent study at home, are
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WORRIED ABOUT THEFT? Some receivers, like this one from Alpine, can be slipped out of the dasn
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the modern , downsized vehicle In fact ,
once hi-f was available for cars , like early
home stereo it soo n attained cult sta tus,
becoming the latest "must have" for the
up-and- com ing young professional-s-or
anyone else who wanted to be part of the
" having it all ge nera tion ."

To fulfill their fantasy of sitting in Phil­
harmonic Hall while barrel ing to the next
sto plight , the new ge nera tio n of auto­
sound stercophiles actively sought out the
sma ll co te rie of installer s havin g the
acoustica l expertise needed to comp en­
sate for the harsh envi ronmental condi­
tions posed by a moving vehicle. The best
amo ng those installers learned how to
match specific products to individual car
models to get the best sound possible . The
lessons learned by the early pioneers in
autoso und passed into the mainstream of
high- fidelity sound, and sound systems
tailored to specific cars are now a com­
monplac e objec tive that is being met on
two different and distinct levels .

On one level , car manufacturers have
recogni zed that high- fideli ty highw ay­
sound can be an important con siderat ion
to potenti al new-car buyer s, so man y
models either are supplied initially with a
high-fideli ty sound sys tem, or make it
available as an optional package . Gener­
ally, the factory-installed hi-fi systems are
acoustically tailored to a part icular model
car through the experti se of recognized hi­
f expert s; in particul ar, speaker manufac­
turers. For example , General Motors' De­
lco Radio Divi sion ha s developed a
partnership with Bose Corporation . Sim­
ilarly, Ford relies on the expertise of JBL ,
and Chry sler seeks the adv ice of Infinity
Systems .

On another level , a legion of autosound
retail ers who specialize in installing vari­
ous brand s and types of equipment have
become wh at is coll ectively called the
" afterm arket. " The aftermarket surv ives
because its offerin gs are generally more
advanced than the equipment sold with
most new cars . The "advancements" are
principally in the area offeatures and flex­
ibility. While the car companies can offer
a good, basic autosound system, the array
of aftermarket equipment available is such
that you may find:

1. Products having more con veniences
and better perfo rmanc e than the factory­
installed equipment.

2. Equipment as good as what is usu­
ally supp lied fac tory- ins ta lled, but at
lower cost than wha t th e ca r deal e r
charges. Although the car dea lers do offer
the convenience of one-stop shopping, if
you' re willing to spend time check ing out
several dealers the chances are that you' ll
end up with better sound and features for
the same basic cos t.

Buying an autosound system necessi­
tates making choices in three areas : signal
source , power, and speakers . Each area ,
however, has a co mmon co nsideration:

the space limitation of your vehicle. Dif­
fere nt cars have var io us ly-si zed holes
slated for radios and speakers. A par­
tic ular ca ssette/rece iver , for example ,
might not fit into a dashboard without
extensive, and often expensive , cutting to
enlarge the opening . Con verse ly, a small
unit may not fit without the use of an
adapter to fill up the extra space left in the
opening . Likewise , the almost "stan­
dard" 6 x 9-inch speaker will not fit
easi ly-if at all-into com pact and sub­
compact cars .

Choos ing a signal source means opting
for a product that offers a radio , tape, or
Co mpact Disc (C D) co mbination. To
co mplicate your decision , the coming
month s will see the arriva l of Digital Au­
dio Tape (OAT), a new casse tte format that
rivals the performance of even the com­
pact disc .

Although existing autosound speakers
and amplifiers are com patible with OAT,
because of the projected high initial ex­
pense of the early OAT players, at least for
the foreseeable future the primary pre­
recorded signal source for highway hi-fi
will be Dolby ized cassette tapes; followed
by the Compact Disc , which is only now
start ing to make significant inroads into
autosound installations .

Autoso und CD player equipment is
available in a number of configurations .
CD/receivers are similar to cassette/re ­
ceivers in that they com bine an all-stereo
AM/FM or an AM /FM -stereo rece iver
with a compact disc player. Typical of CD/
receivers is the Audiovox HCD-lOOO . The
tuner sect ion includes 12 station presets
that you can program with your favorite
radio stations , a station seek that automat­
ically locates the next strongest station,
and a scan for easy sampling of many
different statio ns.

The HCD-]OOO's CD section offers an
auto-index that allows the user to preview
each disc " track" or selection for eight
seco nds, a repeat but ton for playing the
track over aga in , fast-forward and fast-

reverse selectio n search, and digital in­
dicators for the track number and elapsed
time . Suggeste d list price for the HCD­
1000 is $699 .95.

While the HCD-lOOO is a typica l CD/
receiver, it is somewhat unusual in that the
disc must be inserted into a cartri dge be­
fore it can be played. The cartridge sys tem
is also used by l YC, Yamaha, Clar ion,
and Blaupunkt to facilitate loading while
also providing the disc with much added
protection.

Pioneer's DIN-mount DEX-77 CD/re­
ceive r is one of the most high-tech models
available ; it is specifica lly designed to
withstand the rigors of an automotive en­
vironment. It uses a three-beam tracking
system to insure error-free tracking , and a
" Las t-Address Memo ry" fun ct ion that
ensures pickup on the right track even on
rough , jarring roads . The CD player can
be programmed for the order of track play,
automa tic scan, all track repeat , and ran­
dom play, whereby the player automat­
ically shuffles the order of track play. The
receiver section features a " Best Station
Me mo ry," whic h reme mbe rs the six
strongest statio ns in descending order of
signal strength . The Pioneer DEX-77 is
priced at $850.

Player-only model s are another CD
con figuration . These tuner-less CD play­
ers may be suitable if your car is already
equipped with a cassette/receiver and you
simply want to have the option of CD .

If you want to listen to both CDs and
casse ttes, you may want to buy a cassette
rece iver that is equipped with an inpu t
jack for a CD player. The jack gives you
the option of easi ly adding a personal CD
player by simply plugging it into the jack .
Conversely, Sanyo's CD players have an
input j ack for " Walkman-type" personal
tape players.

Sony offers an altern ati ve to tho se
wanting to listen to both cassettes and
CD's: That product is a slim cassette-only
player to be used in conju nction with its
com panion model CDX-R88 CD receiver.
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the CD industry. However, as you can see
from the photos, the tape manufacturers
and the hardware ma nufactu rers are
ready for the new formal.

We'll keep you posted on the legal
questions regarding OAT; and on its tech­
nical specifications in upcoming issues.

What's coming in car audio in the fu­
ture? OAT or Digital Aud io Tape . OAT,
which has specif ications rivaling those of
compact discs , is a pract ical format for car
audio because it is easy to handle . A digi ­
tal audio tape cassette , is about half the
size of a standard cassette, yet it has a
two-hour capacity. A self -closing door pro­
tects the tape , so that spec ial handling
isn't required.
At press time , there is still some doubt
about whether the OAT format will ever
reach the U.S. market because the re­
cording industry is insisting that anti-tap­
ing devices be included in all OAT
recorders (so that pre-recorded material
cannot be taped) and the CD player man­
ufacturers are concerned that OATplayers
could cut into their market and perhaps kill .

List price for the CD/receiver is $750,
while the add-on cassette player has a sug­
gestted list price of $270 .

A related product is the Philips CD-JO,
an autosound CD player that slides out of
the dashboard for use as a personal or
portable CD player. List price for the
CD-IO is $400.

Another approach to CD is provided by
Sony and Alpine. Both compani es offer
CD disc changers that mount in the trunk.
A cable from the changer to a control unit
mounted up front near the driver's seat
allows the driver (or passenger) to control
the music selection. The Alpine changer
holds 12 discs in a removable " maga­
zine," while the Sony Dis cJockey holds
10 discs. The Alpine control unit mounts
in-dash while the Sony controls can be
hand-held or mounted . Optional tuners
are available for both .units so that the CD
changer can also function as an AM/FM­
stereo radio .

The cassette/receiver may represent an
older technology, but they are still the
mainstay of most autosound systems. Be­
cause of its nearly universal use, develop­
ment of cassette/receivers has not ground
to a halt since the introduction of CD. The
old "tin can" with two knobs on either
side is giving way to sleek, flat-panel (no
knobs) models housing more features
than some of the older models could ever
hope to offer.

High-tech
A number of companies, in fact, are

offering cassette/receivers in which only
the cassette mechanism represents older
technology. A case in point is Blaupunkt's
Berlin TQR 07 model listing for $1500 .
The TQR 07 incorporates so many fea­
tures that many of the buttons on the face­
plate have multiple functions defined by
the mode selected. Poss ible modes are
tape, radio, security, and ARl, the latter
being a system that either turns up the
radio volume or interrupts tape play dur­
ing traffic advisories from participating
radio stations . An LCD (Liquid Crystal
Display) indicates the selected mode .

In addition to the more commonplace
features found on virtually every cassette/
receiver, the TQR 07 features AM stereo,
16 station presets , last-station memory,
and an automatic volume control that ad­
justs to changes in ambient noise, plus
Dolby-B and Dolby-C noise reduction for
eliminating tape hiss.

Coordinating all the function s of the
TQR 07, including monitoring the tuning
and adjustin g the AM and FM filtering, is
the task of a 16-bit , 32K microprocessor
that uses a digital data bus to relay infor­
mation between the dash-mounted control
panel and cassette deck , and an indepen­
dent modul e that houses the tuners and the
volume- and tone-control components .
Use of a separate mounted-out-of-sight
module is a techniqu e used by an increas-

ing number of other manufacturers , in­
cluding Kenwood and Sony.

Technology is also having a great effect
on the appearance of cassette/receivers .
Among the most dramatic is the ap­
pearance of Pioneer's KEX-900 . A single
LCD faceplate displays information on
five key funct ions: AM/FM tuning, cas­
sette deck, graphic equali zer, spectrum
analyzer, and time (clock). A seven-band
equalizer offers more precise adjustment
of the frequenc y response than does con­
ventional tone controls, while the spec­
trum analyzer present s a visual indication
of the program's frequency content.

Cassettes are loaded into the KEX-900
by flipping down the front panel. Behind
the door is the cassette mechan ism and a
number of less-frequently used control s.
The "hidden door " trick is used by other
manufacturers as well. The flip-down
door on Sharp's RG-F882, for example,
conceals a seven-band equalizer. List
price for Pioneer's KEX-900 is $580 .
Sharp 's RG-F882 lists for $449.95.

Most technological advancements ap­
pear first in the higher-priced cassette/re­
ceivers. There are exceptions, of course.
Fujitsu's model Ten , for exampl e , in­
cludes a dual azimuth adjusting system in
its series of cassette/receivers that list be­
tween $250 and $350. (The head-to-tape
alig nment of auto-reverse de ck s can
sometimes be accurate in one direction

but skewed in the opposite direction-an
error that can severely effect high frequen­
cy response . Dual-azimuth adjustments
optimize the alignment for each of the
directions.)

A feature becoming increasingly com­
mon on high-end autosound equipment is
a built-in security system. Generall y, the
security system requires that a three to five
digit code be entered via the preset station
buttons before the CD or cassette/receiver
can be used: The equipment is inoperable
until the correct code is entered . Another
anti-theft system allows the userto simply
slide the radio or the tuning unit from a
dash-mounted sleeve so it can be con­
cealed in the trunk, or even carried away
from the vehicle .

More volume
As a general rule of thumb , high-end

autosound systems usually provide more
output power than " original equipment"
or " replacement" receivers. The reason
for the extra power, of course, is to avoid
amplifier overload when the volume is
cranked up to overcome ambient road and
car noises. Power capabilities vary enor­
mously. For example , the specialty auto­
sound amplifier maker HiFonics Corp. of­
fers amplifiers ranging from a low of 16
watts per channel to a high of 275 watts
per channel.

Although the average autosound stereo
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DOOR MOUNTING SPEAKERS can either
provide the only full-range sound in a vehicle, or
work in conjunction with in-dash and rear-shelf
speakers to completely envelope the listener.

An autosound system can be a very
complex purchase . A vehicle 's environ­
ment is hostile to the the reproduction of
high-fidel ity sound. The amount of equip­
ment sometimes needed can be intimidat­
ing, and its installation can be tricky and
time-consuming . In fact , tackling any­
thing beyond the most basic install ation is
probably not advi sable unless you have
the time and skill required. However, you
should keep in mind that most dealers
won' t do install ation work un less they
have sold you some or all of the necessary
component s .

When all is sa id and done, however, you
should have a system that will rival your
home system. When that happens, you' ll
probably be joining the thousands of peo­
ple who do most of their music listening
on the road . R-E

Two smaller subwoofe rs are used when
space limitation s prohibit the use of a
larger woofer.

Special speakers have also been de­
veloped for light trucks and other types of
sports/utility vehicles . Typical of that new
breed if speakers is The Force fro m
Jensen , which consists of a large, wedge­
shaped enclo sure housing an eight-inch
woofer and an upward-firin g tweeter. Its
list price is $299 .95.

Crossover networks handl e the routin g
of spec ific frequencies to the appropriate
speaker. Most crossover netwo rks are of­
fer ed as se pa ra te co mponents. Som e
speakers , such as the the ALS-500 from
Altec Lan sing , have built-in , highl y effi­
cient crossover networks .

Speakers
Speakers com e in a wide variety of con­

figurations and sizes . The material used
for the cone itself can range from tradi­
tional paper to polypropylene, a flexible
material that is more resistant than paper
to heat , cold and moisture .

The magnet , the other critical speaker
component, is also being improved . The
OM Delco/Bo se system in the Cadillac
Seville and Eldorado , and the Chevrolet
Camara, uses a new high-energy neo­
dymium magnet. The high energy poten­
tial of neod ymium allows Bose to use a
sma ller magn et , ther eb y reducing the
overall size of the speaker, particularly in
its depth .

Spea kers range in size from 3J4-inch
tweeters to 6 x 9-inch woofe rs, and there
are various two , three , and even four-way
combinations of tweeters , midr anges, and
woofers available. Two companies, Spar­
kom atic and Philips , even have models
with the speakers and their amplifiers
built into the same enclos ure .

Some autoso und sys tems use one or
two subwoofer s to reproduce extremely
low bass frequencies . One large woofer is
often enough con sider ing the omnidirec­
tional characteristic s of low frequencies .

two six-channel amplifiers, the PHi 2 and
the PHl5 , which allow a subwoofer to be
easily added to an autosound system. List
prices for the PHJ2 and PHIS are $320
and $560 respect ively. The PHI2 provides
20 watts per chann el , while the PH15 de­
livers 40 watts per channel. ADS also
make s four-channel amplifiers, the PQ8
and the PQ20, listing for $200 and $680
respectively.

syste m co ntains only one stereo amplifier
that is intended for use with a sing le pair
of left and right speakers , many auto­
sound installations have multiple speaker
systems (perhaps front and rear), and the
two stereo speaker sys tems are simply
connec ted in parallel (left front to left rear
and right front to right rear, or criss-cross).
Connec ting the spea kers in parallel splits
each channels output power, which was
intend ed for one speak er, between two
spea kers . The alternative to sharing one
stereo amplifier between two spea ker sys­
tem s is a receiver such as Kenw ood 's
KAC-8070 , which has two indep end ent
stereo amplifiers, each specifically in­
tended to drive a single stereo speake r
system. The KAC-8070 lists for $279.

One brand, manufactured by the ADS
Company, has gone as far as to develop

TO AVOID DAMAGE, and to make it easier to
handle CD's without fingerprints, some auto­
sound compact disc players require that each
disc be installed in a special protective car­
tridge.

IF YOU LIKE YOUR MUSIC to go on forever, you can install a compact disc remote changer in the trunk
of your car and play music from up to 12 CD's.
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Chevrolet Camara:
Delco/Bose

General Motors was the first car maker
to turn to a well-known loud speaker com ­
pany, Bose Corp, for help in developing a
prem ium so und sys tem. Whi le Delco ,
GM's radio d ivis ion , and Bose have
joi ned forces to outfit a numb er of GM
cars with top-fli ght auto sound-sys tems,
the Delco/Bose system installed in the
1987 Chevro let Camaro shown in Fig. I
represents the best the partnership has to
offer.

The most noti ceable differen ce be­
tween the Delco/Bose system in the Ca­
maro and the Delco/Bose system installed
in other GM cars is the size of the speaker
enclosures. Each enclosure is a lso re­
quired to house a 25-watt amplifier. Such
enc los ures ge nerally take up a lot of
room , which is not much of an issue in a
large Cadillac but of definite concern in a
much smaller Camara.

For the 1987 Camara , Bose redu ced the
size of the spea ker to a thin wafer only 32­
mm deep. That reduction in size at no cost
to sound quali ty is made possible by one
of the f irs t co mme rcial uses of neo­
dym ium, a high-ene rgy magnetic mate­
rial. The "wafer" speakers are also four
times lighter than their predecessors. The
new speaker/amplifier modules , like the

Dodge Lancer:
Chrysler/Infinity

The premium sound system offered by
Chrysler in its 1987 Dodge Lancer (Fig.
3) is the least expensive and perh aps the
most unusual of the auto sound offerings
made by the " big three " U.S . car-man­
ufacturing companies.

FIG. 3-THE CHRYSLER/INFINITY sound sys­
tem is offered as standard equipment in this
Dodge Lancer.

Li ke Fo rd a nd Ge ne ra l Mo tors ,
Chrys ler entered into a partnersh ip with a
major audio co mpany to develop that sys­
tem . In Chrys ler's case, the audio partner
is Infinity Sys tems , Inc. , a well-known
maker of home and car loudspeakers.

The Chrys ler/Infinity system uses six
speake rs. One pair of Y. -inch tweeters are
installed in the dashboard. Another pair
of 5V.-inch midrange/woofer speakers are
in the front doors. Lastly. a pair of 5 x 7­
inch coaxial speakers are mounted on the
rear deck .

FIG . 1-SHALLOW CLEARANCES in this
Chevrolet Camara required designing a speaker
only 32-mm deep.

FIG. 2-THIS DELCO /BOSE cassette/receiver
features automatic recognition of Dolby-S en­
coded tapes

old enclosures, are mounted in the door s
and on the rear deck . The same tech­
nology is also being used in the new Ca­
dillac Allante, Seville , and Eldorado .

Like its competitors, a Delco/Bose sys­
tem positions its loud speakers so that the
listener is off-axis to the near speaker and
on-axis to the far speaker. Delco/Bose be­
lieves it has acco mplished its task so suc­
cessfully that they omi t the left/ right
balance control typical of other sys tems .

How those speakers are powered is the
unusual feature of the Chrys ler/Infinity
system. While many auto sound systems
are bi-amplified , meaning that separate
amplifiers are used to power woofers and
tweeters/midranges, the Chrys ler/Infinity
systems use an unusual method of bi-am­
plification . The tweeters in the dashboard
and in the rear deck are powered by ampli­
fiers built into the cassette/receiver. The
door speakers and the woofers in the rear,
however, are independently powered by
miniature amplifiers attached to the back
of each speaker. The audio signal must
also pass through a low-pass filter before
reaching each woofer. A total of 32 watts
power the speake rs while an additional 56
watts power the woofers .

Th e Chrysl er cassettelreceiver has
many of the features commo n to the gen­
re, inc ludi ng auto reverse, Dol by B ,
DNR , AM stereo, and 10 AM and 10 FM
radio presets.

The digital display is a vacuum-fluores ­
cent type . It shows radio frequency, tape
type, noise-reduction status .and tape-play
direction. When the unit is shut off, the
display doubl es as a clock , accurately
showing the time of day. The display is
clearly visible in sunlight. It's visible at
night , too: All displays and contro ls are
backlighted .

Less common is a built- in , five-band
equalizer that takes the place of the tone
controls. With it, sound can be tailored for

System Configuration

Cassette /receiver, 4 speaker/amp
modules (Delco/Bose)

Key Features

Wafer-thin (32mm) speakers, automatic
Dolby-B recognition, AM stereo

Power (per channel)

25 watts

Price

$900

The casse tte/rece iver, shown in Fig . 2,
does include most of the other features
found in competitive models . Those fea­
tures include auto reverse , bi-di rectional
music sea rch, seek/scan and Dynamic
NoiseReduction (DNR) for the radio , and
five AM and FM presets . AM stereo is
also available .

More unusual is the fact that the cas­
sette/rece iver automatically recogni zes
Dulby-B encoded tapes and makes the
appropriate adjustme nt for playback.

The Delco/Bose system in the Camara
lists for about $900. Add about $200 for
the standard radio that comes with the car
and the overall cos t is roughly $1100. A
compact disc player is not available .

System Configuration

Cassette/receiver, 6 speakers
(Chrys ler/Infinity)

Key Features

Bi-amplification, 5-band equalizer,
ambiance control, joystick balance
control, AM stero

Power (per channel)

See text

Price

$600

the listener's preference . Slide cont rols
allow the adjustment of bass, midbass ,
midrange , upper midrange , and treble .
There is also an " ambience " feature,
which is desig ned to crea te a "concert
hall " effec t.

The relative merit of the ambience fea­
ture is questionable , however, since even
the owner's manu al adv ises aga inst its
overuse. Also, Chrysler has opted to have
front/rear and left/right balance contro lled
by a joystick that rotates in all directions,
makin g placement of the soundstage even
easier than usual .

The price of the Chrysler/Infin ity sys­
tem is $600. The same system you' ll find
also ava ilable in the New Yorker and
Leb aron GTS.



Lincoln Town Car:
Ford /JBL

The Ford/JBL sound system in the Lin­
coln Tawil Car (shown in Fig. 4) offers the
most power and uses the highest number
of drivers of any auto sound-system of­
fered by an American car company. Like
its two major competitors, Ford used an
audio company, JBL, as its partner in de­
veloping its system .

The Ford/JBL system, which is shown
in its entirety in the opening of this article
on page 39, uses six speakers-a pair of
speakers is mounted in the dashboard, in
the front doors, and on the rear deck . The
five-inch dashboard speakers are coaxia l
units, the 6 x 9-inch rear deck speakers

FIG. 4-THE LINCOLN TOWN CAR is equipped
with the Ford/JSi.. system illustrated at the be­
ginning of this art icle .

Sterling 8255/8255L:
Philips/Elac

One of the newest car lines on the mar­
ket is the Sterling, the product of a jo int
deve lop me nt progr am between Great
Britain's Austin Rover Group and Japan's
Honda Motor Co. The engine and the
exterior are of Japanese design while the
interior creature comforts are of European
design. There are two mode ls of the Ster­
ling , the 825S and the 825.SL (shown in
Fig. 6).

The sound system in the 825SL is a
mixture of Dutch and English expertise .
The casse tte/rece iver is made by Philips,
the Dutch electronics manufacturer. The
unit includes most of the standard features
you would expect to find, including auto
reverse, Dolby-B noise reduction, and
five-AM and five-FM presets .

The cassette/receive r also has two
rather unusual features as well. The first is

FIG. 5-THIS SEPARATE CD PLAYER is offere d
as an option in the Town Car.

are three-way units, and the 5Y4-inch door
speakers are full-range units . The speak­
ers are powered by a 140-watt four-chan ­
nel amplifier.

The Ford/JBL system in the Tawil Car
has three .potent ial sources of music­
radio or tape from the cassette/receiver,
and compact disc from a separate player.
See Fig. 5. The cassette/receiver is rather
unusua l in that the radio is digitally tuned
but the controls for the cassette section
operate very mechanically, albeit effi ­
ciently. Features include Dolby B, DNR,
four-AM and four-FM presets, auto re­
verse, seek/scan, and bi-directionalmusic
search for tape.

The Ford cassette/receiver Jacks AM

an anti-theft system; it is armed using a
three-digit code that is entered into the
cassette/receiver using the five preset but­
tons . The second is an "auto-store" fea­
ture; that feature lets you override the
permanently stored presets, 'without eras­
ing them, and select the five strongest
radio stations in an area. It can be an
especially handy feature if you're travel­
ing out-of-town.

Power is supplied by an amplifier capa­
ble of delivering 20 watts to each of four
channels . (The sound system in the 825S
comes without the amplifier, reducing

System Configuratio n

Cassette/receiver. 6 speakers. optional
CD player; (Ford/JBL)

Key Feature s

Optional CD player, automatic tape
equalization

Power (per channel)

35 watts

Price

$1500 (with CD player)

stereo, a feature provided by GM and
Chrys ler. However, Ford's unit automat­
ically sets the correct tape equa lization for
tape playback.

TIle compac t-disc player offers most of
the features you would expect to find,
including automat ic music searc h to lo­
cate any track at the touch of a button,
scan, and a dual repeat mode for replay of
an individual track or the entire disc .

The FordlJBL system is priced at about
$1500 . Without the CD player, system
cost is about $850. That price includes the
cost of the equipment that is supplied as
standa rd on the Tawil Car; that equip ment
must be removed before the FordlJBL sys­
tem can be installed.

System Configuration

Cassette/receiver, amp (Philips); 6
speakers (Elac)

Key Features

Anti-theft system, temporary preset
override

Power (per channel)

20 watts

Price

$1000

power to only seven watts through each of
four channels .)

The speakers in the 825SL are supplied
by Elac , a British company. The rear deck
houses a pair of 6V2 inch coaxia ls, while a
pair of 5V4-inch full range and -Y4-inch
tweeters are separately installed in the
front doors . The speaker setup is standard
for a car of the Sterling type, providing a
balanced sound radiation pattern, front
and rear.

The sound systems in the Sterli ng
825SL and 825S come as standard equip­
ment in the cars . The 825SL carr ies a
sticker price of $23,900; the estimated
retail value of the sound system is about
$1000. The 825S has a sticker price of
$19,000; its lower powered sound system
is somewhat less expensive than that of
the 825SL.
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Porsche 911 Carrera:
Custom installation

For a little more money, you sometimes
get a lot more . A case in point is the
Autot ek (855 Cowan Rd ., Burlingame ,
CA 94010) sound system shown in Fig. 7 ,
which has been installed in the 1985 Por­
sche shown in Fig . 8. At $1000, that sys ­
tem is on ly slightly more expensive than
auto sound-systems offered by car comp a­
nies , but offers more power and features.

Why is more power better ? Assuming
that the amplifiers mee t acceptable stan­
dards, higher power levels allow us to hear
low music levels more clearly. Therefore ,
due to road and wind noise, power is very
critical in a car.

FIG. 7- A CD INPUT and Dolby-C no ise reduc­
t ion are tw o of the advantages offered by the
Autotek SR500.

Ford Thunderbird:
Custom Installation

Installing a new sound system doe sn't
necessari ly mean junking all the original
equipment that came with the vehicle .
The sound system in the 1983 Ford Thun­
derbird shown in Fig. 10uses the standard
Ford cassette /rece iver, but add s a variety
of equipment from ADS (One Progress
Way, Wilmin gton, MA 01887) and Sony
(Sony Drive, Park Ridge , NJ 07656). The
end result is a fine sound system that uses
three sound sources and produces 320
watts of power.

Two of the sound sources are , of
course, the standard radio and the cas­
sette; the third is an add-on compact-disc
player. Having a CD player in a car is
becomin g less unusual , but this installa­
tion is different in that it incorporates a
Sony Disclockey CD chan ger. Installed in
the trunk , the Dis cIockey stores 10 discs
in a removable magazine . See Fig. II . A

FIG. 10--THE FORD THUNDERBIRD.

FIG. 8-THE PORSCHE 911Carrera.

FIG. 9-THE AMPS and the crossover.

The SR500 cassette/receiver that is part
of the system has many of the usual fea­
tures: auto reverse , 12 radio presets, seek/
scan, and electronic tuning. But two fea­
tures of the SR500 can not be found in the
cassett e/receiver s offered by the majo r
U.S. car companies. One is Dolby- C
noise reduction (in additi on to the more

FIG. 11-THE SONY DISCJOCKEY.

cable connects the CD changer to a con ­
trol unit mounted into the dashbo ard be­
neath the cassette /receiver. The Sony CD
changer com es with an optional tun er
pack, but because of the existing Ford
cassette/receiver, this installation didn't
require it.

To fully appre ciate the dynami c range
provided by compact discs, the installa­
tion has plenty of power. A pair of ADS
320i 5Y4-inch coaxia l speakers are in­
stalled in the door s , while a pair of ADS
L200CC mini- speakers , a four-inch mid­
range and a one-inch tweeter housed in
their own cabinet , sit atop the rear deck.
Adding punch to the system is a single 10­
inch subwoofer mounted beneath the rear
deck .

The division of labor among the speak­
ers is handled by the ADS 642CSi, a unit
that acts both as an electronic crossover
and signal processor. That unit , which

System Configuration

Cassette/receiver, 2 amplifiers, two-way
crossover network, 6 speakers
(AutoTek)

Key Features

DolbyC, CD input

Power (per channel)

See text

Price

$1000

usual Dolby B). The other is a CD input
that allows a personal comp act-disc player
to be plugged into the system .

The SR500 supplies a gre at deal of
power on its own: 20 watts per channel. In
that installation , the 20 watts are used to
power a pair of coaxial speakers mounted
beneath the dashbo ard at the extreme right
and left.

In addition , a pair of amplifiers with a
rating of l30-watts each power the other
four speakers in the system: a pair of four­
inch three- way speakers in the doors and a
pair of 6 X 9-inch three-way speakers in '
the rear deck . Signal routing chores are
performed b y a n XOU -l two-way
crossover (Fig. 9).

System Configuration

Cassette/receiver, (Ford); CD player/
changer (Sony); 5 speakers , 2
amplifiers, crossover network, (ADS)

Key Features

CD player with10-disc changer, 1O-inch
subwoofer

Power (per channel)

See text

Price

$3400

serves as the interface between the Ford
cassette/receiver and the Sony Disc­
Jockey, is equipped with four inputs and
six outputs and direct s high and low fre­
quenc ies to the appropriate speaker. In
this installation, a constant bass signal is
applied to the door speakers to augment
the signal at the subwoofer. Fading be­
tween the front and rear speakers is inde­
pendent of the subwoofer.

Power is supplied by two ADS PQlO
four-channel amplifiers . One amplifier
powers the door speakers while the sec­
ond powers the rear speakers and the sub­
woofer. In terms of power, 80 watts is
supplied to each door speaker, another 80
watts is supplied to the subwoofer, and 40
watts to each rear deck speaker.

The price of the system is about $3400 .



GMC Jimmy:
Custom installation

Where norma l passenger cars fear to
travel, four-wheel drive vehicles like the
GMC Jimmy love to go . To provide off­
road music for an off-road vehicle, a Ken­
wood (1315 E. Watsoncenter Rd ., Car­
son, CA 90745) music system was added
to the Jimmy .

The heart of the Kenwood system is the
KRC-838 cassette/receiver shown in Fig.
12. It is one of a new breed of "theft­
proof" model s available from several af­
termarket manufacturers . The KRC -838 is
considered theft-proof because it can be
removed by the owner easily; the cassette/
receiver is insta lled inside a sleeve. A
lever on the left side of the KRC-838 re­
leases the unit from the sleeve so that it
can be taken with you when you leave the
vehicle .

The KRC-838 offers most of what
we've come to expect in the way in of
features, and adds a few others as well.
Both Dolby-B and Dolby-'C noise reduc­
tion are available, as is Kenwood 's own

'ANRC/l cireuitry-the latter providing
roughly the same benefit as the DNR cir­
cuitry found in cassette/receivers offered
by other supp liers .

Other features include a signal meter to
judge station strength, 24 presets that can
be arranged in any combination of AM

Chevrolet Corvette:
Custom installation

At first glance , the sound system in the
1985 Corvette, appears to be a perfect
marriage of original equipment that came
with the car and aftermarket gear. Looks
can be dece iving .

In truth , all.that's left of what was once
a GM Delco/Bose system is the speaker
grilles and the cassettelreceiver. What' s
more, the cassette /rece iver doesn't work .
Its only purpose is cosmetic; it's used to
cover the hole in the dash .

The owner of that Corvette has opted
solely for a CD/tuner system using Sony's
DiscJockey. Unlike the Thund erbird in­
stallation .discussed previously, this setup
makes use of the Dis cJockey's optional
AM/FM tuner pack , making the Delco
radio redundant. Addin g the tuner pack
was a less expensive alternative to incor­
porating the Delco/Bose cassettelreceiver
into the system; the lack of line output s on
the original equipment, as well as some
voltage-level problems , would require the
use of complicated and expensive switch­
ing device s that are also unattractive.

The DiscJockey is built into a special
enclosure that sits in the rear of the Cor­
vette. That enclosure also house s two
Sony L20 subwoofers , which reproduce
all bass frequencies below 100 Hz. Also
installed in the enclosure are two Hifonics
(845 Broad Ave. , Ridgefield, NJ 07657)
Callisto electronic crossovers. The Disc-

FIG. 12- THE LEVER AT THE LEFT lets you re­
move the Kenwood KRC-838 rece iver.

and FM stations, and a " tuner-call" fea­
ture that automatically switches on the
radio when a tape is in fast-forward or
rewind. Lastly, the KRC-838 features a
mute button that lowers the volume 20 dB;
that's handy for toll booths.

While standard bass and treble control s
are incorporated into the cassettelreceiver,
the system's sound can be more precisely
adjusted using the KQC-9400 graphic
equali zer installed under the cassette/re­
ceiver. That unit lets you contour the
sound over seven bands .

Space is limited in the Jimmy , so all the
speakers are instailed in the door. High
frequencies are reproduced using a pair of
lV2-inch tweeters that feature a built-in
overload protection circuit. Midrange and
some higher bass frequencies are handled
by a pair of five-inch speakers mounted
next to the tweeters. Very low bass fre-

FIG. 13-THE CD CHANGER 'S remote control is
stowed away in the center console.

Jockey's operation is controlled via a
wired remote control ·that is stowed away
in an.accessory compartment in the center
console . See Fig. 13.

The original Delco/Bose speakers in
the car were replaced with Hifonics units.
A pair of one-inch tweeters were installed
in the dashboard so that the sound will
refle ct "off the wind shield and radiate
throughout the car. Four-inch midranges
were installed in the door s. Another pair
of one-inch tweeters and four-inch mid­
ranges were placed side-by-side in each of
the larger speaker cavities in the rear of
the car. The new Hifonics speakers were
covered with the origi nal Delco/Bo se
grille s except for the front tweeters which
were co vered with acous tica lly trans­
parent cloth .

The sys te m al so inco rpo ra tes two
Hifonics amplifiers. A Thor amplifier

Sys tem Configuration

Cassette /receiver, 6 speakers
(Kenwood)

Key Features

DolbyC, ANRCII. graphic equalizer,
mute, removable cassette/receiver unit

Power (per channel)

See text

Price

$2000

quencies are reproduced by a pair of
eight-inch woofers that are installed be­
low the tweeters and midranges.

The eight-inch woofers are very power
hungry, requiring a minimum of 35 watts
ea ch. That power is supplied by a
KAC-8020 ampli fier, which feeds 80 watts
to each woofer. A second amplifier, a
KAC-8070, powers the tweeter and the
midrange . 111at amplifier is unusual in
that it is a four-channel amplifier deliver­
ing two different power levels through
each pair of channels. In our system, it is
used to deliver 20 watts per channel to the
tweeters and another 37 watts per channel
to the midranges.

The entire system costs $2000.

System Configuration

CD player/changerlluner, 2 subwoofers
(Sony); 2 crossovers, 2 amplifiers,
parametric equalize r, 8 speakers
(Hifonics)

Key Features

10·disc CD changer/player, parametric
equalizer, 2 subwoofers

Power (per channel)

See text

Price

$3260

supplies 125 watts to the rear subwoofers
while a Gemini four-channel amplifier is
used to supply 70 watts to the front and
rear speakers .

The system's sound can be tailored to
suit your taste with a Hifonics Ceres IV
parametric equalizer. The Ceres IV is the
only paramet ric equalizer we know of that
is designed for automotive applications .
With a graphic equalizer response can be
raised or lowered only along predeter­
mined bands. Parametric equali zers, on
the other hand , allow you to adjust re­
sponse within a range of frequenices.

The cost of the upgrade, while ignoring
the cost of the original equipment, was
$3260. R-E
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This month we show you how to
build the control board.

R-E

Testing
To do the testing you will need a DC

supply capable of produ cing 14-30 volts
at 3 amps . If. you can' t find a suitable
supply, 'you can bu ild .one using a high­
curren t transformer, a full-wave bridge ,
and a sui table filter circuit. Be sure to
selec t diodes (for the br idge) and capaci­
tors (for the filter) whose ratings are ap­
propriate . We built a unit that supplied 18­
volts DC at 3 amps for our testin g . When­
ever the motors were accelerate d too
quickly, the power supply sagged, the
mot o r re lays dropped ou t, and th at
brought the motors to a stop. The power
supp ly was co mpletely ade quate for test­
ing , however.

Begin testing by connecting the cont rol
board to the powe r supp ly, but not to the
RPC . Apply power and exa mi ne the slee p
circ uit for proper operation . If it is bein g
clocked at IO-H z as designed, the sta te of
pin 4 sho uld change onc e every 15 sec ­
onds. If al l is well, you have confirme d
that power is correctly bused to the board .

Proceeding , defeat the sleep circ uit by
solder ing a jumper from RIO to gro und,
cau sing RYI to close . That will energize
the system. (Don't forge t to remove that
jumper when tes ting and troubleshootin g
are completed!) Now you should verify
that IC9 de livers + 5-vo lts DC and that
IC30 de livers + 12-volts DC . Also check
that +5 volts is available at the correct
pins at PL4, the RPC connec tor.

mou nted on sta nd offs in th e fo rward
bul khead of the chassis as shown in Fig . 2 .
When mou nting the board , it sho uld be
or ien ted so that the terminal strip is lo­
ca ted at the top edge of the chassis.

The RPC mount s over the board on
one-inch standoffs .' Use fixed sta ndoffs at
the top edge of the board , and hinged
standoffs at the bott om . That wi ll allow
the RPC to be sw ung down and out of the
way duri ng troublesho oting .

Holes shou ld be punched in the forward
bulk hea d for the wires . The motor-power,
battery -power, and return wires sho uld all
be fed thro ugh one hole . All other wires ,
such as the leads fro m the shaft enco ders,
sho uld be fed throu gh a seco nd, separate
hole . The retu rn wire from the con trol
board 's single-po int gro und sho uld be as
heavy as possible . Also, the motor-power
wires should be as heavy as requ ired to
hand le the current they mus t carry,

If you are going to use large dr ive
motors with current req uirements over 10
amps , the two mai n switching transistors
and their associated diodes may be re­
moved from t he circ uit board and
mounted on the forward bulkhead to take
adva ntage of the huge heat-si nking capac­
ity of the robot's chassis . Use sockets, of
co urse , and connect the sockets to the
boa rd wit h Sh0l1 lengths of heavy-gauge
wire. After the contro l board has been
assembled and bot h it and the RPC have
been installed , the forward bulkhead will
co ntai n all of the robot's electronics . Now
we 're ready for benc h testing .

Construction
Bui lding the co ntrol board is a straight­

for ward operation. The do uble-sided pa t­
tern is shown in PC Service . No te that
because of its large size, the pattern is
shown half size , so it mus t be en larged
befo re etching . The board is also available
fro m the supplier men tioned in the
So urces box. The supp lier provides a
board with two-ounce copper, plated ­
through ho les, and a so lder mask . If you
choose to etc h your own board we recom­
mend that you use a blank with two-ounce
plating , solder all components on bot h
s ides of the board, and i n s tall
feedthro ughs at any un used pad s. The rea­
so n for the heavier copper is that it
provides better power handling capac ity
and better noise margins .

Once you've either bought or etched
the board, check it for power to ground
shorts , Those will be very difficult to lo­
ca te afte r all of the components have bee n
installed. The n stuff the board follow ing
the part s-p lacement diagram that is shown
in Fig . I.

All of the control-board compone nts
can be obt ained from mos t electro nics dis­
tributors . The Fujit su relays specified ca n
be found at many relay specialists . If you
have troub le find ing them, you can sub­
stitute un its from other man ufac turers as
long as they have a contact rating of more
than 10 amps. If you make any substitu­
tion s, you may also need to modify the
board to accommodate the substitutes.

The co ntrol board is des igned to be

Part 8 TH ~PASTTWOMONTHS

we ve looked at how
the robot's con tro l circuitry works . Now
its time to get our hands dirty and bu ild the
control board .

ROBOT
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All resistors Y4-watt, 5%, unlessother­
wise noted

R1, R4, R6, R7-not used
R2, R12, R16, R18-R20, R22, R23,

R26-R28, R30, R34, R36, R37, R39,
R41 , R44-10,000 ohms

R3--B2 ,000 ohms
R5, R9-15,000 ohms
R8--4700 ohms
R10-220ohms
R11, R35, R42, R43-1000 ohms
R13,R14-1 megohm
R15, R38--47 ohms
R17, R24, R40-100 ohms
R21 , R29-0.1 ohms, 5 watts, 1%
R25, R31-R33-100,000 ohms
Capacitors
C1, C2, C4, C5, C13--19, C22, C25, C27,

C31-0.1 fiF, monolithic ceramic
C3-100 pF,50 volts, ceramic disc

C6, C10, C21, C30-2.2 fiF, 50 volts,
ceramic disc

C7-0.002 fiF, 50 volts, ceramic disc
C8-330 pF,50 volts, ceramic disc

C9-0.047 fiF, 50 volts, ceramic disc
C11 , C12-2200 fiF, 25 volts, elec­

trolytic
C20, C23, C24, C26-10 fiF, 16 volts,

electrolytic
C28, C29-not used

PARTS LIST
Semiconductors
lei , IC2-4051 multiplexer
IC3, lC6-74LS541 octal buffer/line driver
lC4-74LS377 octal O-flip-f1op
IC5-AOC0804 8-bit AID converter
IC7, IC8-74LS374 octal O-flip-flop
IC9-l296 switching regulator (SGS)
IC10-74LS645 octal three-state bus

transceiver
IC11-74LS125 quad three-state buffer
IC12-74LS266 quad 2-input exclusive

NOR gate
IC13, IC14-8253 programmable interval

timer
IC15-74LS32 quad 2-input O R gate
IC16-74ALS520 8-bit comparator
IC17-74LS164 8-bit serial-in/parallel-out

shift register
IC18-74LS393 dual 4-bit binary ripple

counter
IC19-74LS138 1-of-8 decoder
IC20-LM358 dual op-amp
IC21-74LS259 8-bit addressable latch
IC22-ULN2003 Darlington array
IC23, IC25-4046 PLL
IC24-74LSOO quad 2-input NAND gate
IC26-4060 14-stage ripple counter
IC27-4078 8-input NOAlOR gate
IC28, IC29-dual O-flip-f1op
IC30-LM340-1212-volt regulator

I
TO RIGHli

. MONlll

01, 05-2N3906 PNP transistor
02, 06-TIP29A NPN transistor
03, 07-2N3772 NPN transistor
04-2N3904 NPN transistor
SCR1-G106Y1 (GE) SCR
01,03,04,09, 010-1N4001 rectifier
02,05, 1N5400 rectifier
06 , D7-1N4148 switching diode
08-1N7546.S-voltZener diode
011-8R05 Schottky diode (SGS)
Other Components
L1-300 fiH
RY1-RY5-0PST relay, rz -voucoil, FUjit­

su FBR-631D012 or equivalent
PL1, PL3-26-conductor plug, dual row,

0.025-inch spacing
PL2, PL6-10-conductor plug, dual row,

0.025-jnch spacing
PL4-60-conductor right-angleplug, dual

row, 0.025-inch spacing
PL5-2-conductor plug , single row,

0.025-inch spacing
TS1-6 connector terminal strip
B1-see text
Miscellaneous:PC board, IC sockets,
heat sinks (Thermalloy 601 or equivalent
for IC9, Thermalloy 286 or equivalent for
IC30), mounting hardware, nuts, bolts,
wire, solder, etc.
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FIG. 2-THE ROBOT'S ELECTRONICS mount on standoffs in the forwa rd bulkhead. The control board
is shown here ; the RPC mounts above it on hinged standoffs.

: PCX (t ( address - - - data )
F AND OUP 80 OR 140 PC!
130PC@
SWAP C0 OR 140 PC! :

The following are available from Vesta
Technology. 7100 W. 44th St. , Wheat­
ridge, CO 80033 (303-422-8088): Bare
RE ·Robot controller board . $41 : as­
sembled and tested RE-Robot controller
board, $200; assembled and tested RPC.
fUlly pop ulated for the robot fun cti on,
$294. Add $8.00 shipping per board. Col­
orado residents add appropriate sales
tax. Mastercard and Visa accepted.

Optical endocers (100 counts/revolu­
tion. quad rature output) are available from
EMC Corp.• 373 Hillsboro Way, Goleta,
CA 93117 (805-968-3060) for $40 each.
California residents must add appropriate
sales tax.

SOURCES

Interest Group or at your local computer
bookstore.

Let's briefly look at what TESTO is,
and how it works. The colon tells the
interpreter to compile the following word
called TESTO into the dictionary. That
word is a begin-until loop that will loop
until activi ty from the terminal (?TERMI­
NAL) is detected . The loop itself stores a
o to port 127H, then stores a I to port
127H. Compilation stops at the semicolon
and the interpreter returns to the inter­
pret ive mode . After compiling TESTO,
you can execute your new word simply by
typing TESTO and a carriage return on the
keyboard . The word will execute until you
touch any key.

Duri ng execution , you should observe
the output of IC I6 , the 74ALS 520. The
address -latching pulse should be about I
microsecond long , indicating that the
wait-state generator is working correctly.
Now examine the state of pin 12 of IC21
with an oscillo scope; you should see it
togglin g. That shows that the RPC and the
control board are working together.

Testing the digital input s and output s is
a very simple process with our operating
system in ROM . We have only to write a
few diagnost ic words and execute them .

The individual outputs can be toggled
with the following test word :

: TESTI BEGIN 8 0 DO 0120 I + PC!
I 120 I + PC! LOOP 0 UNTIL ;

The function of each of the individual
output s is as shown in Table 1.

Next , conn ect a speaker to the J6 and
test the beep function:

: DELAY 0 DO 10 0 DO LOOP LOOP ;
: BEEP 10000

DO I 126 PC ! 2 DELAY
o 126 PCI 2 DELAY

LOOP ;

Notice that here we used " pretty" source­
code form atting techniqu es. Th at be­
comes increasingly important as the com­
plexity of our code increases.

continued on page 78

( write addr, read 10 )
( get data )
( set strobes hi )

( address is 0 to F )
( write data to latch )
( write address)
( set write strobe 10 )
( set write strobe hi )

: TESTO BEGIN 0 127 PC! I 127 PC !
?TERMINAL UNTIL;

As mentioned last time , the scope of
this article prevents us from going into a
detailed disc uss ion of Forth and its struc­
ture . However, note that the while Forth
requires statements like the preced ing one
to be ente red as a sing le line , for space
reasons it is impossible for us to show it
that way. Whe n you enter such statements,
be sure to enter them as single lines or they
will not be processed correctly. If you are
not familiar with Forth, we recommend
the book Start ing Forth , by Leo Brodie ; it
is published by Prentice-Ha ll . You can
probably obtain a copy from the Forth

TABLE 2

Function
Left forward relay
Left reverse relay
Right forward relay
Right forward relay
Left motor cont rol enable
Right motor control enable
Beeper
not used

: PCX! ( data address - - - )
SWAP 130 PC!
F AND OUP CO OR 140 PC!
OUP 40 OR 140 PC!
C0 OR 140 PC! :

TABLE 1-0 UTPUT FUNCTIONS

Address
120
121
122
123
124
125
126
127

If all is well, connect the RPC. Write
the following diagnostic word (in the hex­
number base) and execute it:

CfJ
~
z
o
a:
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W

o
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Digital Speedometer

• • ." .t . • • • « ., .

for your Car
Dual display delivers both an accurate digital readout and a

rapid-read analog display.

ROSS ORTMAN

YOU PROBABLY SPEND MORE TIME WATCH ­

ing your speedometer than any other part
of your dashboard . However, because
most speedometers are mechanical de­
vices and analog in nature, they are prone
to error. And just as other parts of your car
wear out and must be replaced, so must
your speedometer. Besides, the most
common speedometer is simply a pointer
with a background scale; so exact speed is
hard to determine accurately.

Our digital speedometer will accurately
display vehicle speed both on a three-digit
seven-segment display for precise speed

readings, and on a quick easy-to-read ana­
log bar-graph display. The speedometer
can be calibrated to read in miles per hour
or in kilometers per hour, whichever is
preferred . In addition, the bar-graph's
"red line" can be set to any desired
speed-probably 55 mph.

Theory of operation
The digital speedometer operates by

monitoring the speed of driveshaft rota­
tion (on a rear-wheel-drive vehicle) or one
of the transaxle output shafts (on a front­
wheel-drive vehicle.) Rotational speed is

monitored by sensing four magnets (that
are secured to the driveshaft or output
shaft) with a pickup coil that is mounted to
the chassis or body of the automobile . As
each magnet passes the pickup coil, a
pulse is generated and sent to the digital
speedometer, which then counts the
number of pulses that occur during a pre­
set time interval and converts this number
to display the vehicle's actual speed . The
pickup coil and magnets are commercial
units that are available from many auto­
parts stores .

Because the speedometer uses magnets

'­c
~

INPUT
FREQUENCY BAR/GRAPH BAR/GRAPH

AMPLIFIER
TO VOLTAGE DISPLAY DISPLAY

FROM CONVERTER DRIVER
AGNETIC

IPICKUP

CRYSTAL-

~ +12V CONTROLLED MAIN BOARD DISPLAY
+ 12V TIME BASE BOARD

~
S1 = PROGRAMMABLE --- BCD 7-SEGMENT THREE-DIG IT

DIVISION = DISPLAY 7-SEGMENTnfn ~ RATIO == DIVIDER COUNTER
DRIVER DISPLAY

-

M

FIG.1-BLOCK DIAGRAM OF THE SPEEDOMETER:The input amplifier conditions the signal from the
magnetic pickup for processing by the counting and display circuitry.

47



C8
.01

11

1/4 4001

9

IC4
74C161

3 4 5 6 8

Vee

1/4 4011

15IC2
74C161

3 4 5 6
+---------,

Vee

02
R37PI lN4004

13.8 Cl + C2 220n
0 1 10IlF VeeVO LT l N4004 .01

INPUT 16V R7
10K

Vee
"= 1/44001

02
2N3904

R1
22MEG P1 R6 "=

INPUT 470n

"=

C4
22pF

C3
33pF

R2-R5
10K

(4)
+-~>----J

Rl l -R1 4
10K
(4)

'--+--~-+

1

~
1/44011 1/44011

FIG.2-THE INPUT AMPLIFIER AND TIMEBA5E circuitry are shown here. DIP switch 51 sets the divide
ratio for calibrating the speedometer.

(f)
a
Z
o
a:
I­
a
lJ.J
...J
lJ.Ja
is«
a:

for sensing (just as many aftermarket­
cruise-co ntrol devices do), dirt, moisture ,
and weather will not affect its operation.
Also, because the speedometer is digi­
tally calibrated , it will remain accurate in
all conditions ranging from the coldest
winter mornin g to the hottest summer day.

Referring to the block diagram shown
in Fig. I, pulses from the magnetic pickup
are amplified and shaped by the input cir­
cuitry. Because all input pulses may not be
the same amplitude (due to different mag­
net strengths and possible distance varia­
tions between the magnets and the pickup
coil), input-pulse shaping increases the
speedometer's accuracy by eliminating
multiple counts, missed counts, or both .

The conditioned input pulses are sent to
the counter and then to the digital and
analog displays . The coun ting section
counts the number of input pulses for a
period of time that is determined by the
setting of the programmable timebase .

Let 's take an example of how the time-

base is set for a particular vehicle . On
most vehicles, the gear ratio in third (or
high) gear is 1:1. In other words , drive­
shaft speed is equal (or very close) to
engine speed. On an eight-cy linder en­
gine, the engine is runnin g at approx­
imately 2200 RPM when the vehicle's
speed is 60 mph . With 2200 RPM as our
driveshaft speed, we know that the input­
pulse rate to the speedometer will be 8800
pulses per minute (2200 RPM times four
magnets). Dividing that number by 60
gives us our input frequency in Hertz, in
this case, 146.66 Hz.

We now determine that the time for one
complete pulse cycle is 6 .818 ms (I -:­
146.66 Hz). In order to display 60 mph on
our digital readout , we must count 60 of
those 6.818-ms pulse cycles . That gives
us a timebase of 0.41 seco nds (60 x
6.818 ms), or 2.44 Hz.

The analog display indicates relative
speed by converting the input frequency
to a voltage that is then processed for

display by the bar-graph display driver
IC' s (lC8 and IC9).

Circuit description
Referring to Fig. 2, the pickup coi l is

connected to PI of the digital speedometer
via a twisted-pair cable and a 0.1" female
Molex connector. One side of the coi l
asse mb ly is AC co uple d to gro und
through C5 and C6, and the other side is
passed on to the input amplifier, which is
composed of QI, Q2, and the associated
bias resistors . The pickup coil is biased
slightly positive to ensure that QI turns on
reliably. After buffering by IC3-a, the in­
put signal is ready for processing by the
counting sectio n of the speedometer.

The 60-Hz signal is generated by ICI ,
an MM5369 17-stage programmab le os­
cillator/divider, and its support compo­
nents. Here, ICI uses a 3.58 MHz color­
burst crystal to produce a stable and accu­
rate 60-Hz reference .

The programm able divider uses two
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PARTS LIST

All resistors are Y.-watt, 5% unless
otherwise noted.

R1-22 megohms
R2-R5,R7,R11-R14,R25 ,R26 ,R30 ,

R32-10,OOO ohms
R6,R33--470 ohms
R8,R10,R22-R24,R27-1000 ohms
R9-33,OOO ohms
R15-R21,R37-220 ohms
R28-22,OOO ohms
R29-50 ohms, 5 watts, wire-wound
R31-220,OOO ohms
R34--10 ,OOO ohms, verticaltrimmer

potentiometer
R35-2,200 ohms
R36--22,OOO ohms
Capacitors
C1-Q.01 IJ.F disc
C2- 10 IJ.F, 16 volts, electrolytic
C3-33 pF disc
C4-22 pF disc
C5,C12-D.1 IJ.F disc
C6--4.7 IJ.F, 15 volts, e lectrolytic
C7-Q.001 IJ.F disc

C8,C9-0.01 IJ. F disc
C1o:-<J.022 IJ.F mylar
C11-1 IJ.F, 16 volts, electrolytic
Semiconductors
IC1-MM5369 17-stage oscillator/divider
lC2,IC4- 74C161 synchronous binary

counter
IC3,IC5-4001 quad NORgate
IC6--MC14553 three-digit BCD counter
IC7-74C48 BCDto 7-segment

decoder/driver
IC8,IC9-LM3914 dot/bar display driver
IC10-LM2917N frequency-to-voltage

converter
D1,D2-1N4004 rectifier diode
D3-1N4001 rectifier diode
Q1 ,Q2- 2N3904 NPNtransistor
Q3-Q5-2N3906 PNP transistor
LED1-,LED1o:-<J.125" greeen diffused
LED11- l EDl6-0.125" yellow diffused
LED17-lED2o:-<J.125" red diffused
DISP1-D ISP3-7-segment common-

cathode display (Panasonic lN516RK,
Digi-Key P35t; P352 , P353,& P354

may also be used)
Miscellaneous
F1-1 amp slo-blow fuse
Sl-eight-position DIPswitch
P1 ,P2-D.1" 2-pin Molex connector
XTAl1-3.58-MHz color-burst crystal
Other components
l1-pick-up coil (ARA part # 2701278),

magnets , s trap mount (ARA part
# 2701279). wire, solder, PC boards, etc.

Note: ARA cruise control parts are
available through your loca l auto­
motive supply house. They may also
be ordered as follows from Dakota
Digital, R.R. 1 Box 83 Canistota, SO
57012: display PC boa rd (#430105),
$6.95; main PC board (# 430106),
$12.9 5 ; Pick-up co il (#2701278),
$11.95; Magnets (#2701279) $4.75
(for a set of 4).Add$1.50for shipping
and handling. South Dakota resi­
dents add 5% sales tax.
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FIG. 3-THE DIGITAL DISPLAY section of the cir cuit uses a 14553 (IC6) to co unt pu lses, and a 74C48
(IC7) to display the count.

74CI61 synchronous 4-bit counters (lC2
and IC3) to produce a divider that can be
programmed to divide by a factor ranging
from 4 to 256. The divis ion ratio is set via
eight-posi tion DIP switc h Sl. The text
box that appears elsewhere in this article
indicates how swi tch positions corre­
spond with different division ratios .

The output of the programmable divid­
er is fed to two pulse generators consis ting
of: IC3-c, C8, and R25; and IC5-c, C9,
and R26 . The pulse generators produce
two sequential pulses; a latch pulse fol­
lowed by a clear pulse . The latch pulse
latches the current counter value for dis­
play, and the clear pulse resets the 14553
counter (lC6, shown in Fig. 3) so that it
begins counting from zero for the next
sample period.

The heart of the digital display sectio n
(shown in Fig. 3) is IC6, an MCI4553
three-digit BCD counter. That IC counts
the incoming signa l for the duration of the
timebase and outputs the value through
IC7, a 74C48 BCD to 7-segment decoder,
and on to displays DISPI, DISP2, and
DISP3 . Resistors R 15-R21 limi t the
amount of current that passes through the
displays . The three digits are multiplexed
by Q3, Q4, and Q5 .

The ana log display section (shown in
Fig. 4) consists of IClO, an LM2917N
frequency-to-voltage converter, and its as­
sociated components . That IC produces a
DC voltage that is proportional to the fre­
quency of the input signal. That relative
voltage is then used to drive two cascaded
LM3914 bar-graph disp lay drivers (lC8
and IC9), which, in turn, drive the 20­
element discrete LED disp lay. The analog
display is calibrated simply by setting po­
tentiometer R34 .
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FIG. 4-THE ANALOG DISPLAY uses a frequency-to-voltage converter (ICtO) to convert the counted
pulses into displayable form.

FIG. 5-STUFF THE DISPLAY BOARD as shown here. Don 't forget to install the three jumpers. The fl at
sides of all LED's should face the row of holes at the bottom of the board.
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Construction
Co ns truc t io n of the di git a l speed­

ometer is nearly ident ical to that of the
digital tachometer presented last month.
The circuit is bu ilt on two PC boa rds: a
display board and a main board . The two
boards arc co nnected by 35 j umpers.

The display board co ntains the seven­
segment readout s , the twenty LED 's and
several resistors; the main board contains
everything else . The display board is sin­
gle-s ided; the main board is double-sided .
The PC boards can be made using the foil
patterns shown in PC Service, or they may

be purchased from the supplier mentioned
in the Parts List. If you etch your own
boards, be sure to solder both sides of the
main board.

Begin stuffi ng th e boards with re­
sis tors, diod es , and ot her low-profil e
parts. Refer to Fig . 5 and Fig . 6 for part
locations. If you are using IC sockets,
which we reco mmend, install them next.
If you don 't use sockets, install the IC's
last and solder only a few legs of each IC
at a time to prevent overhea ting . Whether
sockets are used or not , observe CMOS
handling precautions: use a ground strap,
ground your soldering iron , and work
only on an anti-static surface .

Continue installing the rest of the parts ,
including the DIP switch, the capaci tors ,
and the crystal, on the main board . The
transistors are installed with the base or
center leg bent toward the flat side of the
body of the device . Install each transistor
about V4 inch above the board .

When stuffing the display board , begin
by inserting and soldering the three seven­
seg ment displays. And don 't forget to in­
stall the three jumpers located just below
the di splays . Then inser t the discrete
LED 's into the board with ten gree n



FIG. 7-MAGNET AND PICKUp·COIL MOUNTING METHODS: For a car with a transmission and
drlveshaft, mount the magnets and pickup coli as shown in 8 and b, respectively. For a car with front­
wheel drive, mount those parts as shown in c and d.

c....
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WARNING
Although the speedometer can be

mounted above , below, or inside the
dashboard, some conditions must be met
ifthe unit is to be installed in place of the
original speedomete r. First, Federal law
prohi bits any ta mpe ring wit h the
odometer section of the speedomete rand
imposes harsh penaltieson those inviola­
tionof that law. That does not mean that a
person is forbidden to replace the original
speedomete r with the digital speed­
ometer presented here. However, if the
device is installed, it must be done in a
ma nne r that will keep the vehicle 's
odomete r fUlly operational.

To replace the original speedometer
with the digital sp eedometer, remove the
face plate and pointerofthe original. mak­
ingsure that you leave the originalgearing
and odomete r mechanismintact. The dig­
ital speedomete r can then be installed in
the space left by the old face plate and
pointer. Also, the original speedometer
cable must be leftconnected; to remove it
is also a violation of Federal law. Check
your state laws, too, as they may have
additional restrictions.

Bench testing
The next step is to test the speedometer

to ens ure that it is completely operational
before installing it in an automobile . Ap­
ply twelve volts to power connector P2,
which is located on the main board . Note
that the positive pin is the one closest to
five-watt resistor R29. After power is ap­
plied, the two right-hand digits should
display zeros , and none of the LED's
should be lit.

If your disp lays differ, chec k the supp ly
continued on page 82

to uc h each other. The boards can be
"folded apart" for trou bleshoo ting or re­
pair, if necessary.

a
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c

TRANSMISSION

After you have installed and soldered
all co mponents, check your work care­
fully for errors . Fix any errors, and then
complete the asse mbly by connec ting the
boards, mec hanically and electrically, to
each other. Mount the boards back to back
(foil side to foil side) with #6 hardware.
The boards must be spaced at least V4-inch
apart using spacers or standoffs. Keep in
mind that the board will be mounted to the
dashboard (or custom-built case) by the
same bo lts that hold the boards together.

After the two boards are mechanically
secured to eac h other, run short pieces of
solid bare hook-u p wire between corre­
spondi ng pads on the two boards . Make
sure that the wires are straig ht and do not

Turn the board over and align the LED 's
so that they stan d up straight and follow a
smooth curve. When you're satisfied with
their posi tions, so lder the other leg of
each LED.

SWITCH SETIINGS
For a front-wheel-drive vehicle, the

transaxle output shaft's speed can be de­
termined from this formula:

OF = 5.355 · R

where OF is the division factor, and R is
the radius of the front wheel. For a rear­
wheel -drive vehicle, the driveshaft's
speed can be est imated from the engine
speed. Ifyou have an overdrivetransmis­
sion, use the gear ratio found in the
owner's manual to convert the engine
speed to the driveshaft speed. The output
of each programmable divider (IC2 and
IC4) can be determined from the chart
below. The total division factor provided
bythe two IC'sis the product ofthe individ­
ual OF's provided by each separately.

For example, a 10" wheel requires a
division factorof 5.355 x 10 = 53.55. We
could approximate that value by setting
IC2to divide by 5 and IC4to divideby 10.
Todo so, the DIP switch wouldbe set like
this: 01001001.

FIG. 6-STUFF THE MAIN BOARD as shown here, and, after checking both boards for errors, connect
them together with 35 pieces of short bare wire. The solder sides of the board should face each other.

LED's (LEOI-LEOIO) starti ng in the
lower left comer. Do not solder them in
yet. Next insert six yellow LED 's and then
four red LED's . Double-check to be abso­
lutely certain that the LED's are oriented
properly ; rhe cathode (usually the flat
side) of the LED shou ld face the bottom of
the board .

Next, turn the board over and lay it
dow n on a flat surface, bein g careful not to
allow any LED's to fall out. That's acco m­
plis hed easi ly by holding a piece of stiff
cardboard against the LE D's while turn­
ing the board over. Now, to keep the board
parallel to your working surface, apply
pressure to the board where the seven­
segment disp lays are mounted, and solder
one lead of the end and midd le LED's.
Next, carefully look across the surface
that the board is lying on to see whether
the LED's are at the same height as the
seve n-segment displays . If not, correct
their posi tions and then continue solder­
ing one lead each of the remaining LED's .
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The radio pioneers
discover how to
amplify signals.

Part 4 THE IN V ENT ION OF THE

triode vacuum tube by
de Forest opened the floodgates to the
design of high-gain circuits . Although the
crystal and the vacuum-tube diode were
adequate radio signal detectors, neither
could amp lify; hence, circuit design was
sharply circumscribed. But once the ex­
perimenters had a device that could am­
plify, there was almost nothin g the earl y
pioneers could not and did not try.

Tube design
Some early tube designs were " off the

wall" ; some because they were attempts
to bypass de Forest' s patent ; others be­
cause their designers thought they had
invented devices with better performance.
One of those unusual designs-now prac­
tically unknown-was the "homed tri ­
ode " (Fig . I), a tube in which the plate-

and contro l-grid leads were brought out at
the top. The idea didn 't take hold for re­
ceiving tube s, because it had no practical
reason to ju stify its existence; but a varia­
tion subsequently became adopted for
transmitting tubes. Ultimately, tube de­
sign went on a four-pin base, although
there were comm only used tube types hav­
ing a base with five and six pins.

Early radio tubes such as the WD-II ,
UX-199 , UX-120, UX 201A , and the
UX-200A had a filament made from a
mixture of tungsten and thor ium , which
was, in tum , coated with metallic thor­
ium .Tungsten was used because of its
ability to with stand high temp eratures;
thorium was used because it is a prolific
source of electrons . When electron emis­
sion became low, the filame nt cou ld be
reactivated by simply raising the filame nt
voltag e to inc rea se the fi lament tem ­
perature , thereby " boiling off" the oxida­
tion products that were interfering with
release of the electrons . Generally, the
voltage was raised 200--300% for 10 to 15
seconds. For users without the necessary

equipment to adjust the filament voltage
(see Fig . 2), a "fi lament renewal service"
was available in radio stores for a nominal
charge of 25 cents per tube.

If the tungsten/thorium filament was
good, something else must be better, so
the search for a " better filament" was
something like the search for the Holy
Grail. Just about everything was tried ,
including various alloys of platinum , pure
nickel , and alloys of nickel such as chro­
mium nickel and titanium nickel. Barium
and strontium carbonates in oxide form
were also used as the electron source; but,
unlike oxide-coa ted filaments, they could
not be reactivated .

Soft and hard tubes
Any trace of air remaining in a tube

following its manufacture resulted in a
higher plate current that usually could not
be controlled by the grid, which resulted
in erratic operation . Typically, an electric
light bulb had an internal gas pressure of
150 millionths of atmospheric pressure
(which is 14.7 Ibs/square inch at sea
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Circuit diagrams
Like the radio itself, circuit diagrams

have gone through many changes. Early
builders made use of pictorial diagrams,
such as the one shown in Fig . 3, to show
how the equipment was assembled . In
some instances the diagram was a com­
bination of a pictorial and a schematic
circuit, as in Fig. 4 .
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many purchased parts and assembled their
own radios, using circuits they designed
or tweaked . Aesthet ic beauty was often an
important aspect of circuit-des ign and as­
sembly, so it wasn' t unusual to find that
the wiring used in early radios was cov­
ered with "spaghe tti ," a varn ishe d
cambric insulati on that was available in
most of the colors of the rainbow. The
innards of many an early radio were a riot
of color-and beauty.

Early experimenter receivers were ac­
tually built on a breadboard , and so was at
least one commerc ial receiver: the five­
tube Atwater Kent Mode l 10. Although
cabinets were available to experimenters,
many breadboard receivers were left open
to solicit the oil 's and all 's of friends and
neighbors. It's on record that one builder,
who wanted both protection for the for the
receiver and neighborly acclaim , used
sheets of glass for both the front panel and
the cabinet so that the radio could be used
even while it was on display.

/1

Standard
Telephone Rcccioer

A riot of color
The 1920 's was the age of the ex­

per imeter. Although most peopl e pur­
chased compl ete ready-to-operate radios,

FIG. 3-PICTORIAL DIAGRAMS WERE often used instead ofschemalicsto show the working of
rad io circuits.

Microphonics
As tubes were made smaller, the inter­

nal pins that supported the various ele­
ments were so small they didn't provide
adequate support, so the elements were
more susceptible to vibration. Element
vibrat ion re sulted in microphon ics,
whose chief characteristic was a variation
in sound volume that was sometimes ac­
comp anied by howling . The problem was
relieved so mew ha t by puttin g lead
weights on top of the tube to give it greater
mass, and thereby reduce vibration . Sub­
sequently, the lead-weight techniqu e was
also applied to larger tube s that had mi­
crophonic tendencies.

a result, the ions, having lost one or more
electrons, were posi tive ly-charged and
migrated toward the filament. Because of
their relatively large structure (compared
to elec trons), the ion ic bombardment was
able to destroy sections of the filament.
Tubes that contained oxygen displayed a
flickering blue glow toward the bottom
end of the glass bulb and were called
"soft." A " hard" tube, on the other hand ,
was one that produced no glow, thereby
indicating little interna l air.

FIG. 2-AN ADJUSTABLE VOLTAGE was often
used to reactivate tubes having thoriated tung­
sten filaments.
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FIG. 1-THE HORNED TRIODE had the plate
(anode A) and grid (G) leads at the top of the
tube . The base had four pins, but only two were
used for the filament (F).

level), but that was much too high for
radio tubes, whose gas press ure could be
made as low as 2 or 3 millionths of at­
mospheric pressure . One way of ensuring
the least possible air following evacuation
of the tube was to " flash" a chemic al
inside the tube . That was done by includ­
ing a tiny saucer-like structure that con­
tained a chem ical such as magnesium ,
calc ium, stronti um , barium, or mercury.
A current-carryi ng coi l surrounding the
tube ignited the chemical and the " flash"
depleted any oxygen rem ain ing in the
tube . The result of the process was the
depos ition of a silvery substance on the
interior surface of the tube .

The prese nce in a tube of even a trace of
oxygen resulted in colli sions between the
filament-to-pl ate current and the air mole­
cules, thereby ionizing the gas atoms. As
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the grid. The better way was a large re­
sistor connected from grid to ground­
called a grid leak-that was usually shun­
ted directly or indirectly by a capaci tor
(that stored the voltage developed across
the grid leak).

As shown in Fig. 8, various techniq ues
for getting extra oomph from the triode
were tried . It was learned early that the
best triode circuit was the one shown in
Fig. 8-a, wherein the input signal (Es) is
injected between the contro l grid and the
filament. Some attempts were made to put
the signal across the filament (Fig. 8-b), or
between the plate and the filament as
shown in Fig. 8-c.

Although it offered superior perfo r­
mance , it took a number of years for the
triode vacuum tube to replace the crystal
detector because crystals were cons ider­
ably less expensive than tubes and re­
quired no power source other than that
supplied by the signal itself. Also, in
many areas radio signals could supply sat­
isfactory reception using a crystal detec­
tor; there was no need for add itional
sensitivity (amplification).

In fact, the primary concern with early
radio reception was not sensitivity but se­
lectivity. In the next installment of this
series, we' ll look at ways that selectivity
was increased and at some audio-coupling
schemes that were used. R-E

FIG. 8-SEVERAL METHODS WERE USED to
feed a signal into a triode. Note that in band c
the grid is floating.

R

The sym bols used in drawings and
schematics also evolved along with the
compo nents and circuits they represented .
Figure 5 shows how the simple symbol
represe nting a headphone developed over
the years. hi. Fig. 5-a , an original sche­
matic from the early days of radio, the
headphone is represented by a vertical bar
followed by the letter T; the T being used
to indica te that the bar represented a tele­
ph on e rece iver. Th e bar eve ntua lly
evolved into the single headphone symbol
shown in Fig. 5-b , which in tum evolved
into the symbol shown in Fig. 5-c , the one
used today to represent a headphone hav­
ing two receivers.

Early circuits
The first use of the vacuum tube was as

a detector. Figure 6 shows a common (for
its time) receiver that used a Fleming di­
ode instead of a crystal for the·detector. As
you can see, except for the tube the circuit
is esse ntially the same as that of a con­
ventional crystal receiver. The rheostat in
the filament circuit was used as a way to
apply higher-than-normal filament volt­
age , which was an early attempt to in­
crease plate current, and therefore, the
output volume. (It also shortened the life
of the filament.)

De Forest' s triode was initially re­
garded strictly as an amplifier. Early ex­
perimenters were not aware that it could
be used as a detector/amplifier, so one
early circuit used the crystal as a detector,
followed by the triode as an audio ampli­
fier (Fig . 7). In time, experimenters
learned that the triode could be used as a
detector/amplifier, which elimin ated the
need for a separate detector. Initially, it
was known that the control"grid of the
triode needed bias, a fact that was brought
home when the action of an unbiased grid
blocked plate current flow. Initially, grid
bias was provided by batteries, which
were labeled C to indicate they were used
for biasing the grid. Although a C battery
could last its entire shelf life, since they
often were not replaced until their acid had
oozed out and damaged the radio, experi­
menters searched for a better way to bias

o
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FIG. 7-AN EARLY CRYSTAL SET having one stage of audio amplification. SUbsequently, it was
realized that the tube could be used as a detector as well as an amplifier.
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FIG. 5-STEPS IN THE DEVELOPMENT of the
circuit symbol for headphones. Originally, the
vertical bar identified by the letter T represented
a telephone receiver.

FIG. 6-THIS IS HOW THE FLEMING diode was
used in early receivers.

FIG. 4-S0METIMES, A CIRCUIT was described
by using both pictorials and component sym ­
bols in the same schematic.
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Part 9 IN .PREV I ~OUS PA RTS .oF

th is se nes, we di s­
cussed encryption of audio signals using
an analog method . Basically, all that was
done was to remove the audio from the
main channel and place it on a subcarrier.
Since the subcarrier, by itse lf, is inaudi­
ble , the audio cou ld not be heard by casu­
al or unauthori zed listeners. The recovery
of the audio progra m was accomplished
by demodulation of the subcarrier.

Although subcarrier-based scrambling
tech niques are fairly effecti ve , they are
relatively easy to defeat ; they are suitable
primarily for low-to-moderate security ap­
plications. A more secure encryption sys­
tem that uses digital encoding (the Oak
Orion and M Al-Com Videocipher II) has
bee n developed for satellite audio systems

In the Oriontvideocipher 1/ kind of en­
coding , a digit al repre sentation of the au­
dio s igna l is subs tituted for the TV
signal's horizontal sync pulse , which is
located within the horizont al blanking in­
terval. Figure I shows how the substitu­
tion is made . Sinc e the audio is moved to
the horizontal blankin g interval, the TV
signa l's aural (so und) carrier has no pro­
gram modul at ion . It can be left unmodu ­
fated, or modu lated by sound having no
relation to the TV picture-perhaps mu­
sic or "billboard" announcements . Natu­
rally, to hear the prog ram sound , the
digiti zed audio must be restored to an
analog signal.

WILLIAM SHEETS and RUDOLF F.GRAF

There are severa l way by which con­
ventional audi o signals can be digiti zed
(converted to digital form). The best ap­
proach for a given situation depend s on
the signal frequency, accuracy required,
and cost cons iderations. We will discuss
several appro aches to AID and 0 1A con­
vers ion.

First , a word about basic digitizing the­
ory. Analog signals are dig itized by taki ng
minute di screte samples of the analog

/VIDED
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3 DATA WORDS
(3 BYTES)

b

FIG.1- DIGITIZED AUDIO IS SUBSTITUTED for
the video signal 's hor izontal sync pulse. Only
the fi rst two data words repres ent audio . The
third is used for housekeeping.

waveform. Digital sampling theory tell s
us that a signal of length T and a frequen­
cy bandwidth of 1,,, can be completely
specified by 2 X1,,,T samples of the sig­
nal. (In this instance, " completely spec ­
ified " means that the analog signal can be
digiti zed and then restored to back to ana­
log with essentially no distortion .)

Alternately, it may be said that ifT = I
second, then 2 »t; (or twice the band­
width samples per second) are required to
specify the signal; which means that a
typical TV-audio signal having a l2-kHz
bandwidth must be sampled at a 24-kHz
rate (or higher) in order to completely
specify the signal. (Because " it' s already
available, " a convenient audio sampling
rate is twice the horizontal sca n frequen­
cy, or 31.5 kHz.) Why sample at a rate
higher than necessary? Because sampling
at the highest possible rate reduces alias­
ing distort ion , thereby reducing the anti ­
aliasing filtering requirements .

Aliasing pro du cts
Aliasing distortion is the production of

spurious waveforms caused by too low a
sampli ng rate . The distortion appears as
unwant ed and unrel ated very -low-fre­
quency or in-band signals. For example,
in an audio applicat ion, the baseband sig­
nal may be in the 0-12 kHz range and
would theoretically be sampled at a 24
kHz rate. However, because of distortion
within the audio amplifiers , some audio



f IG.2- ALlASING IS THE PRODUCTION of false, unwanted signals caused by too Iowa sampling rate.

determin e where the hor izontal and ver­
tical starting points are located (to ensure
proper vertical and horizontal timing). It
can also be used for other purposes; for
example, to obtain two l2-bit audio sam­
ples (total 24 bits).

Figure 3 shows how an audio signal can
be digitized . The outp ut from the audio
amplifier is level-set for proper dynamic
range , and then sampled every 31.2 mi­
croseconds (31.5 kHz rate). The analog
value is stored in a sample-and-hold cir­
cuit until the next sample is taken; let us
assume it may be any value between zero
and ten volts. That analog level is then fed
to one input of a comparator. The other
comparator input is fed with a linear ramp
(sawtooth) whose amplitude rises from 0
to 10 volts. (The ramp starts sligh tly after
the sampling interval and ends ju st before
the next audio .sample is taken , because
some time musibeireserved for sampling
and resetting the ramp to zero. ) If the
audio sample is relati vely large (say 7 to
10 volts) in amplitude, the ramp will have
to rise to that va lue before the com­
parator 's output voltage will drop to zero.
If the analog sample is small (say I volt),
the comparator will drop to zero when the
ramp exceeds one volt. (The comp arator 's
output is a logic high (I) when Vs>VR , it
is a logic low (0) when Vs<VR. There­
fore, the comparator output is a train of
pulses having a frequency of 31.5 kHz and
a pulse width ranging from nearly zero to
30 microsecond s (depending on the sam­
ple amplitude .)

The variable-length pulse repre sents
the analog value of the audio sample 's
amplitude . A narrow ( 5 microsecond)
pulse represents low values (say 0 to 2
volts). A wide pulse of 25 microseconds
would represent 8 or 9 volts. (Idea lly, we
should get about 3 microseconds pulse­
width per volt in this instance.) Next , the
pulse has to be converted to a binary val­
ue , which can be done by using the pulse
as a gating pulse for a counter that is
clocked by a much higher clock frequen­
cy. If we had a 4-MH z clock, 120 clock
pulses would be counted in 30 microse­
conds. By using two separate (alternat­
ing) systems and the full line-scan time
(63.5 microseconds), it is poss ible to cou­
nt up to 240 clock pulses , therefore gener­
ating a full 8-byte binary word . That is
possible becaus e each byte is only needed
every 63 .5 microseconds , and there are
two bytes.

Therefore, the counter can be reset to
zero, the high-frequenc y clock signal can
be gated by the variable-length pulse , and
the width of the variable-length pulse will
determine how many cycles of the high- c...

frequency clock will be input to the coun- c
ter. The counter will count to a state that is ~
proportiona l to the length of the variable g;
pulse , whose width depends on the analog -..j

} OUTPUT

STROBE

COUNTER

RESET

CLOCK".,4MHz
nn.

REF

erating discrete binary numbers to repre­
sent the analog level. If we have a binary
word II bits long , we can spec ify 211 dis­
crete levels. Obviously, it is necessary to
specify a large number of samples to re­
produce minute changes in analog level.
One hundred levels would take care of 1%
(-40 dB) uncertainty, meanin g a 40 dB
dynamic range . And if 256 levels were
used , uncertainty would now be less than
-46 dB , which is adequate for TV audio.
A single data byte can do that.

However, since we only have horizontal
blanki ng pulses at a 15.75 kHz rate , how
can a 31.5 kHz sampling rate be pro­
duced? Simply by having each blanking
interval cont ain two bytes rather than one
byte. In this way, 31,500 bytes-per-second
are available , which is adequate for a 12­
kHz audio baseband . In addition, a third
byte is inserted in the blanking interval: It
is a coded digital word that can be used to

UNWANTED HIGHa FREQUENCY
COMPONENT

I
I
I
I

I I
I I
I I

j] ~ ~ SAMPLING SIGNAL
b (FREQUENCY IS TWICE

I THE MAXIMUM DESIRED
I

SIGNAL FREQUENCY)I
I
I

c SAMPLING OF
UNWANTED WAVEFORM

--J f-- ts Is
Is '" 31.2~SEC SAMPLE

PULSES

AUDIO
INPUT

PULSE_ _ _ ---;~I GEN ERATOR RAMP

3105kHz r.R'""ES""'E::::T,........-- - ---jf----- - ---'

FIG. 3-A COMPARATOR can be used to dig itize an analog sig nal at TTL leve ls.

Binary numbers
Typically, the audio is digitized by gen-

r-- - -+ --+ ~-_!_--_/'--+---'----"d RESULTANT WAVEFORM
AFTER RECO NSTRUCTION

compon ent s as high as 24 or 30 kHz might
be present , and th ey wo uld also be
sampled during the digit izing process.
Figure 2 shows what might occur. The top
waveform (Fig. 2-a) represents audio fre­
quencies above 12 kHz caused by distor­
tion within the analog audio amplifiers.
The sampling pulses (Fig. 2-b) are ob­
viously not twice the frequency of Fig.
2-a, so they produce the unwanted sam­
pling pulses shown in Fig. 2- c. After nor­
mal filterin g , we get the unwanted recon­
structed waveform-caused by aliasing
distortion- shown in Fig. 2-d: a distorted
waveform of very low frequency having
no relation to the original analog audio
signal. Aliasing can be reduc ed by ade­
quate audio-bandwidth limitin g, and by
using as high a sampling rate as possible .

59



TO
ENCODER

LOGIC

interface .
The AID conversion sys tems shown in

Figs . 4 and 5 are effective at low to moder­
ate frequencies, such as those used for
audio . They are not suitable for the higher
frequencies that make up the video signal.
One of the most effec tive AID video co n­
verters is the " flash" converter shown in
Fig . 6 . It is simply a co llection of high
slew-rate wideband op-arnp co mpara tors
that use independent reference voltages,
with the video signal common to all com ­
parators . The reference voltages are de­
rived from a resistive voltage divider.

Each of the 256 steps that make up a
data byte requires its own co mparator, so a
practical circuit would require LSI tech­
nology. The " flash" co mparator's output
feeds encoding logic that provides 8-bit
binary data corresponding to the analog
value of the video signal sample .

Bear in mind that regard less of the kind
of digiti zing used for video, a bandwidth
of 4. 2 MHz is requ ired for NTSC video ,
and digitized video is processed either a
line or a frame at a time . Generally, eight
bits or more must be used to describe the
signals adeq uately and to avoid visible
deterioration of the pict ure . That corre ­
sponds to 256 levels (0 to 255), each step
being 48 dB below peak video . Since the
sample rate must be at least 2 x 4.2, or
8.4 MHz, more likely 10 MHz would be
used so there would be a small amount of
leeway. To allow for glitches and pulse­
se tt ling ti me , and to redu ce alias ing,
bandwidths of 20 MHz are necessary.

FIG. 6-IN AN AID " FLASH" CONVERTER, a
comparator's output goes high when the video
voltage is greater than th at of the associated
reference divider tap-off.

Approximation
Another approach to audio AID con­

version is the successive-approximation
register shown in Fig. 5. There , a clock is
used to drive a register connected through
a digital-to-analog co nverter, whic h is
part of a feedb ack loop around the op­
amp. In a sense the op-amp is used as a
comparator, but the register and D-A con­
verter may be thought of as an integra tor.
In that circuit a DC level (a steady logic
level) will cau se the regis ter to produce a
success ively increasing binary co unt ,
since the DC level is merely "gating " the
clock signal. As the register is counting,
the DIA converter produces a rising ramp
output. When the DIA converter's ramp
output voltage is equal to that of the ana­
log input to the op-amp the output of the
op-amp will flip low, thereby shutting off
the clock gate. (At that point , the binary
number seen at the register's input or the
DIA converter input is the digital equiv­
alent, in parallel form , of the analog input
signal. That signa l can be stored in a latch
or another register for later use .)

The speed of conversio n of the suc­
cess ive-approx imatio n sys tem de pends
on the clock frequency, the bandwidth of
the operational amp lifier, and the system's
stability. Norma lly, the clock frequency
must be much higher than the input sig nal
frequency. For example, if a 256-level (8­
bit) resoluti on is wanted, the clock must
be 256 times faster than the analog sam­
pling rate . Actually, it must be even great­
er to allow for setup times , latching , and
sampling of digit al-data output to the bus

Next, as shown in Fig. 4, the binary
number-which we' ll call Samp le 1, is
stored in parallel form at in a shift register.
During the horizontal blanking interval , it
is clocked out in serial format, appearing
as an 8-bit digi tal word . The clock fre­
quency of 4 .0909 MHz shown in Fig. 4
has a 6-microsecond interval, which per­
mits 24 bits (3 bytes) of digital inform a­
tion to be transm itted during the sy nc
pulse. By using two additional shift regis­
ters , as shown, it's poss ible to serially­
transmit three bytes. The first two bytes ,
Sample 1 and Sample 2 , are genera ted
because we need 31,500 samples per sec ­
ond-we must transmit two bytes in every
blanking interval, and there are 15,750
blanking intervals per second . The third
byte can be used for system housekeeping
or overhead . As previously men tioned , it
ca n represent sig na ls for determin ing
horizontal and vertical sync references,
and have specia l-purpose coding .

Because the audio is both digitized and
piggybacked on the sync interval , it is no
longer found on the T V signal's sound
carrier. In fact, the sound carrier can be
dispensed with , as done by Videocipher
11. Or, the sound carrier can be put to other
use; for examp le , it could be used for
" barker" audio .
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value of the audio sample. Therefore , a
binary number appears at the output of the
counter that is proportiona l to the analog
value of the audio sample and is its digital
equivalent in para llel format.

FIG. 5-THIS IS THE FUNCTIONAL circuit of a
successive-approximation register-type AID
converter.

FIG. 4-SHIFT REGISTERS CAN BE USED to
organize three digital samples into a serial data
stream.
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VIDEO

distortion waveform that clo sely resem ­
bles the input signal.

Not really scrambled
Although we have been referring to

" scrambled" audio, as you can see by c...

now, the audio signal itself is not rea lly c
scramb led, it is simply digi tized . But ~
since it cannot be received by a con- ~

continued 011 page 82 ~

sample , anothe r the sec ond sa mple. and
the remaining register contains the en­
coded third byte . The third byte is fed to a
pattern -recognition sys te m that spec if i­
cally interprets the encoding of the th ird
byte .

Byte I and byte 2 are fed in paralle l
form to a data se lec tor that is dri ven by a
3 1.5-kHzclock , which is deri ved from the
hori zo ntal-syn c circu it. Bytes I and 2 are
alternatel y se lec ted and fed in paralle l
form to a OfA co nve rter, which conve rts
the audio data back to analog form . The
filter, which we ' ll get to short ly, co m­
p lete s t h e re storatio n proce s s by
" smoothing " the analog waveform .

Figure 8 shows how an op -arnp and a
res istor net work create an elementary OfA
converter, Resistor RF is the feedback re­
sistor fro m the op -amp 's output to its in­
verting input. Using a ± 15-VOC supp ly
and TTL signal level s , values for RF and R
migh t be 10K and 5K respectively.

The converter works this way: Assum e
that data -input 0 7 is the most- significan t
da ta bit , havi ng 128 times the effec t on the
output compared to Do, whi ch is the least ­
significant bit. And ass uming that RF is
10K and that R is 5K . If 0 7 is high and all
othe r data lines are low, we wou ld ge t 10
volts out of the OfA converter. If 0 7 were
low and 06 were high , the OfA output
wou ld be 5 volt s . A high D, would pro­
duce 2 .5 volts; a high 0 4 would produ ce
1.25 volts , and so on, until Do, which
would produce %4 volts . Note that each
data line produce s twi ce the effe ct of its
lowe r ne ig h bo r. An y binary nu m be r
would therefore produce a definite analog
voltage .

As shown in Fig . 9 , due to the samp ling
process the outp ut of a OfA converter used
for decoding is an ana log signal having a
31.5 kH z component. The lowpass filter,
(also show n in Fig . 7) removes the 31.5
kHz component , thereby pro duc!ng a low-

from the video signal . The outp ut from the
separator is a squarewave containing un­
wanted componen ts, among them possi­
bly video " spill ," and a 15-Hz sinewave
that is used to prevent the' the acc idental
use of the digit al data as TV synchro niz­
ing pulse s . All extraneous sig na ls, re-

FIG. 9--A RESTORED WAVEFORM contains a 31.5 kHz samp ling-f requ ency ri pple that must be
removed by a lowpass filte r

gardles s of type , are rem oved by the filterf
amplifier so that on ly the digital data ap­
pears at the inp ut to the level converter.

The level co nverter makes the data sig ­
nal TTL co mpatible (or whatever is neces­
sary for the logic circuitry that follow s).
The compatible data is clocked into a 24­
bit shift reg ister, whic h can easi ly be made
up of three 8-bit shift reg isters , as shown .
One shift register co ntains the first aud io
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} nnER'BYTE 3 RECOGNITION
CIRCUITRY

CLOCKl DATA
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FIG. 7-A COMPLETE DIGITAL DECODER. The analog output from the lowpass filter is an accurate
reproduction of the original audio signal .

FIG.8-A SINGLE Op·AMP and a precision volt­
age divider can also be used for digital decod­
ing. The analog output is proportional to the
active data inputs.

Descrambling
To demodulate digi tized audio , the dig­

itizing process is sim ply reversed. Figure
7 shows the block d iagram of a sync­
interval di gi tal -audio decod er. A data­
sepa rato r ga te follow ing the T V 's video
dete ctor ex trac ts the audio-data pul ses
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VIDEO TAPE COpy
PROTECTION

GOT YOU DOWN?

LINE ZAPP E R

VI DEO IN SATELLITE
TV

STABILIZE YOUR PICTURE
WITH THE NEW, IMPROVED

LINE ZAPPER
High-definition DBS

BOB COOPER, JR.
SATELLITE-TV EDITOR

ELEPHANT ELECIRONICS INC.

Our present 525-lin e, NTSC co lo r
system grew out of a prop rieta ry
RCA black-and-wh ite syste m and
was, for all intents and purposes,
adopted in 1939. Back then, that
represented th e highest reso lu­
t ion that was technologically pos­
sib le . Now, however, almost 50
years later, High Definition TV
(HDTV) with more than 1,000 scan
lines per frame at last has become
very practical .

But what do you do w ith all the
mi lli ons of 525- line TV sets cur­
rent ly in place? The FCC has a
plan : They wou ld like to allow ex­
isting TV broadcasters to operate
in the Ku band using high defi ni­
t ion (1,125-line, 5 x 3 aspect-rat io)
vid eo ; the broadcasters wou ld
continue to operate their existing
VHF or UH F loca l stations simulta­
neously. Using spot-beam tec h­
niqu es at Ku or even Ka freq uen­
cies, the satel lite footp ri nt could
be shaped to more or less dupli­
cate a broadcaster's terrestrial-sig­
nal coverage area.

Japanese HDlV
The japanese will launch 1,125­

lin e hi gh-defin ition TV serv ice
usin g Ku-band satell it es in 1990.
The double-bandwidth tran spo n­
ders req uired for HDTV w ill t rans­
mit th eir signals to an enti rely new
ge ne rat io n of TV rece ive rs de­
signed to process th e signa ls. The
aud io w ill be di gital , stereo , and
capab le of suppo rt ing mu ltip le
lan gu ages and eve n closed cap­
t io ning in th e same transmission .
The aspec t ratio o r width of th e
pictures w il l be enlarged from the
present 4 x 3 fo rmat (see Fig. 1-a)
to 5 x 7 (see Fig. 1-b ).

Thi s past january, japanese sci­
entists conducted a pub lic dem -

TH E C - BA N D H OME SATE LLI TE- TV i N ­

dustry came into be ing quite acci­
denta l ly; no on e t ho ught that
relatively small d ishes fo r C band
wou ld be developed, mu ch less
prol iferate. Instead, most thought
that the Ku-band (12 GHz) would
be the likely home for any Direct ­
Broadcast Satellite (DBS) syste m.
Plans for such syste ms have been
on the d raw ing boa rd for more
than te n yea rs, and Ku-band al ­
locat ions have been reserved fo r
DBS since 1979. But to date, w it h
the exception of some very li mited
testing by th e French, nothing has
really happened on that front any­
wh ere in the wor ld. Furth er,
nothing is likely to happen before
1990, at the earliest. But after that,
watch out!

Bob Cooper 's GSa Magazine
maintains a 24 hour per day Scramble­
Fax-Hotline telephone service (305/771­
0575) which you may call to obtain a 3­
minute recorded update on the latest hap­
penings in the satellite scrambling world.
Scramble-Fax Newsletter is also pub­
lished to keep you abreast of the latest
events in descrambling, including sources
for descrambling chips and equipment.
For information, write Scramble Fax, P.O.
Box 100858 , Ft. Lauderdale, FL. 33310 or
telephone 305-771-0505.

If you have a dish of your own, tune in
the Caribbean Super Station (Western 5,
transponder 23) Tuesdays at 7 PM east­
ern for a special weekly Bob Cooper re­
port. Also tune-in Bores ight at 9 PM
Thursday nights (Spacenet 1, transpon­
der 9) for a weekly one-hour report on the
activities in the home TYRO field.

INTERESTED IN SCRAMBLING?

Here comes HDlV
Now there is serious plann ing

und erway to ch an ge t h e ve ry
nature of television broadcasting.

.... ... ..

f~~~~....:-,.:.r.: ...... ,.

'._~ 4'\~
JiJ;.:;~ I nit\ 1
No costly schoo l. No commu ti ng to class.
The Original Home-Study cou rse pre­
pares you for th e "FCC Commercial Radio­
telephone Li cense". This valuable li cense
is you r "tick et" to thousands of exc i t in g
j obs in Communications. Radio-TV. Micro­
wave, Com pu ters , Radar . Avonics and
more! You don 't need a college degr ee to
qualify, but you do need an FCC License.
No Need to Quit Your Job or Go To School

This proven course is easy, fast and low
cost! GUARANTEED PASS - You get you r
FCC License or money refunded. Send for
FREE facts now. MAIL COUPON TODAY!

BOX 41865-F
PHOENIX, AZ 85080
(602) 581-1973

CIRCLE 120 ON FREE INFORMATION CARD

Bothered by bri gh tness changes , ver t ical jumpi ng and
Jitt ering , and v ideo noi se ? Tired of rent ing or buyi ng
tapes and be ing for ced to watch an unstable washed o ut
p icture ? Solve your prob lems w ith the Line Zappe r.

The Line lapper acc ep ts di rect v ideo from any VCR
and mon it ors the signa l, Il ne by v ideo line. When It sees
the co py protect io n sig na l it Zaps it. g iv ing you a nor­
ma l. cl ean sig na l at the o ut put .

Ava ila b le in both k it fo rm and fully assemb led . The k it
is o nly 569.9 5 (Not recommended for t he beginner) plus
53.00 shipp ing . Assem bled . te sted un its wi th a 90 day
war ranty are o nly S124.9 5 plus 53 .00 ship pi ng.

Arizona resid ents must add 6 .7 % sates ta x. Please
allow 6 to 8 wee ks fo r de li ve ry . Dealer inq uiries
w elco me.

(J)
o
Z
o
~ r------------- ---------,
[TI I commdnD PRODUCTiOnS I
--l I FCC LICENSE TRAINING, Dept. 90 I6 I P.O . Box 2223, San Francisco, CA 94126 :
o : Please rush FREE details immediately ! I
« I NAME I
a: I ADDRESS I
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o nst ratio n in t he U .S. Usin g a
specia l side-by-s ide allocation, ap­
proved fo r t he occasio n by t he
FCC, two UHF channels were used
to allow the Japanese to demon­
st rate their high -def ini t ion video.
The demonstration was widely ap­
p lauded by t he Nat io na l Associ ­
at ion of Broadcasters (NAB), w hich
represen ts U .S. broadcasti ng in­
te rests before the FCC and Con­
gress. It 's now clea r t hat th e NAB,
and apparent ly the FCC, both are
in favo r of allowi ng wid eb and ,
hi gh -d efini ti on t rans miss io n to
develop here as well.

Because our present VHF- and
UHF-TV spect rum is fill ed , and be­
cause hi gh -d ef inition v id eo re­
qui res twice th e b andwidth of
present NTSC video, the only log­
ical home fo r HDTV is on micro­
wave f re q ue nc ies usin g direct
satellite tra nsmission. But wh o is
to own and operate such a system?

Turning it over to th e broad­
casters is one way to allay their
worries that a supe rio r techn ol ogy
might erode the value of th eir li ­
censes. In late 1986, a VHF te levi ­
sio n stat ion in New York City sold

3x 4 ASPECT RATIO

3x 5 ASPECT RATIO

FIG.l

fo r more- th an the cost of bu yin g
and launchin g mo re than three 24­
channel C-band satell ites !

Best laid plans
All of that f lies co nt rary to the

presen t on- reco rd pl an s fo r Ku­
band DBS. Unde r the original FCC
pl an, DBSwas to be a separate ser­
v ice allowing pro gramm ers to

provide a sort of wi reless cab le.
But with the entry of HDTV, the
best-laid p lans for DBS seemed to
be headed out the window.

H igh -d ef i n i ti o n TV requ ires
twice the bandwidth per transpon­
der as DBS, and it has a ready­
made user list that includes all of
the existing TV broadcasters in the
U .S. That seems to excl ude any
ot her use for Ku or Kafrequencies .
In fact, it wi ll take some very care­
ful a llocation p lanning to ensure
that all of the broadcasters w ho
might like access to the serv ice w ill
rece ive it. But through f requency

. re- use tech niq ues, t ransponder
assignme nts can be repeated of ten
eno ug h to allow each terrestri al
broadcaster a viewing area th at's
essentially the same as th e one it
now serves.

That sort of change in te levisio n
service w i ll have p rofo und and
lon g-last ing impact on everythi ng
re lat ed to te lev isio n in Nort h
America . Afte r 50 years of NTSC as
our standard, the re is serio us en­
ergy now be ing devoted to updat­
in g t he system and to adapting it to
the im proved tec hniques. R-E

ACHIEVE INSTANT SUPERTECH STATUS
THE PATENTED (pending) EDS-59C SEMIANALYZER® WILL CUT

YOUR TROUBLESHOOTING TIME DRAMATICALLY-GUARANTEED!*

CHECKS CONDITION, POLARITY,
AND NUMBER OF JUNCTIONS OF
SEMICONDUCTORS IN CIRCUIT.

DISPLAYS PARAMETERS IN PLAIN
ENGLISH ON BRIGHT LED DISPLAY.

BEEPS DIFFERENT TONES FOR
IM PO RTANT CIRCUIT CONDITIONS.

CHECKS ZENER DIODES IN-CIRCUIT.

CHECKS CAPACITORS FOR LEAKAGE
A ND VO LTAG E BREAKDOWN.

BUILT-IN AMPLIFIER FINDS NOISY
OR INTERMITTANT COMPONENTS.

TWO -YEA R LIMITED WARRANTY
ON PARTS AND LABOR.

MA DE IN THE U.S.A.

pw"

0"

ED5-59C $489
5Em~RNRLYZER ·

WE GUARANTEE THAT THE EDS-59C SEMIANALYZER
WILL MAKE YOU A FASTER, LESS - FRUSTRATED
"SUPERTECH", OR YOUR MONEY BACK. TRY ONE FOR
60 DAYS, AND IF IT DOESN'T EARN ITS KEEP, SHIP IT
BACK FOR A FULL REFUND.

ELECTRONIC DESIGN SPECIALISTS, INC.
P.O. Box 9609, Coral Springs, FL 33065

VISA /MASTER CARD ORDER LINE
TOL L-FREE 1-800-544-4150

Florida 305-726-7416
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~
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R-E Computer Admart
Rates: Ads are2W' x 27fa" . One insertion$825. Sixinsertions S800 each . lwei''''
insertions $775. each . Closing date same as regular rate card . Send order wit
remittance to Computer Admart, Radio Electronics Magazine, 500-B Bi-Count
Blvd., Farmingdale, NY 11735. Direct telephone inquiries to Arline Fishman , are
code-516-293-3000. Only 100% Computer adsareaccepted for thisAdmart. '

T.cTrano
692S Rose mead Blvd ..

San Gobriel. CA 9177S
(818) 28S·312 1 e (818) 799- ..S70

ClTlZEN11a T,ade ma ,k 01C,I,•• n , SanlaMan,(o
IIM I'C/ XT/ATa'. T,ad ...... ,k. ,flnl.'nohonol . .... n... Mo( h,n..

~ SWITCIlI Conn. cl. Iwo Poroll.1
pri nters to IBM·PC/XTI AT.

~ SWITCIlICom•• wllh 011 cobl••.

~ SWITCIlI l . ts you lorg.' Ih.
bulky boxe s.

Price: On ly $59.00 (Part N° l /2 C/ O
(eA r. sid.nts add 6.S~~ . S"ipping/Handling (USA) a dd $.4on
a ll orde rs . ttem subjed 10ava ilabi lity and price c"ang . wlth ­
out notice. Send check or mone y o rder .)

w. carry inte rfa ce s a nd cab les to r most majo r co mp uters
and pri nters:

SWITCHl

CALL NOW
AND

RESERVE
YOUR SPACE

• 6 X rate $800.00 per each insertion.
• Reaches 239,312 readers.
• Fast reader service cycle.
• Short lead time for the placement of

ads.

Call 516-293-3000 to reserve space. Ask
for Arline Fishman. Limited number of
pages available. Mail materials to:
Co mp ute r Ad ma rt , RA DIO- EL EC­
TRONICS, 500-B Bi-County Blvd., Farm­
ingdale, NY 11 735.
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(208) 756 ·4505
MON .-FRI. 8:00-5:00

1·800·548·0004
SAM E DAY SHjPPING

COpy IBM<t
BIOSAN DUSE

IN YOURCLONE

1\ \ I OTH;~:~~ ~~~~CNAD~~~
PROGRAMSMEMORYLOCATIONS.

Easy To Follow Instructions.
Hardware Lists & Where &
HowTo Buy. Send $6.95 +
$1.00 Shi pping & Handling.

COMPATIBLE CLONES
XT&AT

EASY TO FO LLOW INSTRUCTIONS.
CALL FOR TODAY'SCOMPETITIVEPRICE.
+TAI.Jl TO ATIClt, NOT JUST AIAI.EJ PfIISDlI.

PROCORP, INC.
500 S_CHALLIS ST.
SALMON, 10 83467

iIi~\{i';i~'1\

EPROM PROGRAMMING
HOW TO

ANAPRO 805/688·0826

4x EPROM
BLASTER +
SOFTWARE

515900

CIRCLE 199 ON FREE INFORMATION CARD

Available in most computer formats including
Heath hard sector .

30 Day Money-Back Guarantee!

CP/M 80 . . . . . . • • . • . • .. . •• .. . . . . . . $1 15

PCDOS, Z1 DO, CP/M 86 • . .• . . . . ... •$269

Add $4 per order for shipping and handling. Terms:
Check or Money Order - VISA/MC - COD.
California residents add 6% tax .
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213 Terl Sue lane Buellton, CA 93427

EPROMS . . . •. .. .. . .. CALL!
RAM CHIPS . . . . . . . .. CALL!
MODEMS CALL!

EPROM BLASTER +
SOFTWARE

511900

NEWWO R D - the better word
processor

This fine word processor can be considered a clone
of the popular WordStar program and it even uses
the same commands . However, NewWord is
faster, easy to customize , has the mail merge
feature built-in, suppo rts more printers, has an
UNDELETE funct ion and excellent documentation.
It also includes the WORD Plus spelling checker
by Oasis - an excellent product in itself! We offer
this package at a discou nt. Just check the prices
below.

$28 .50
6.95
3.50
4.35
3.50
3.25
1.30

$10.50
5.15
4.85
4.10
4.85
3.75

$12.95
2.95

DYNAMIC RAM
1000Kx1 100 ns
' 256Kxl 100 ns

64Kx4 150 ns
256Kx 1 100 ns
256Kxl 120 ns
256Kx l 150 ns

64Kx l 150 ns
EPROM

64Kx8 200 ns
32Kx8 250 ns
32Kx8 250 ns
16Kx8 250 ns
8Kx8 150 ns
8Kx8 250 ns

STATIC RAM
62256 32Kx8 120 ns
6264LP-15 8Kx8 150 ns

DO YOU
REPAIR

COMPUTERS?
(or want to?)

Yo ur one-stop source for com­
puter repair products:

• trouble -shooting guides

• test equipment & tools

• diagnostic programs
• computer repair courses

• schematics & much more
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SUNDAYS& HOLIDAYS: SHIPMENTOR D£LJVERY, VIA U.s. EXPRESSMAll

~:~l~~6E: F~S~Ct~~r; 'NS::/ Pr~~~ Hp~~~S -lJPOO
F~~CE~~~D:~ .S MICROPROCESSORS UNLIMITED. INC._

~~"r.:: l~:::: ~~g~SSo"Koo;~~~;, '(918)267-4961==== No minimum order. PIe..,. "O IU tl>.llp«n *,u wbI«t 10
ch;l"9u Sn.pp .... & 'nw r..rocee xl' . &uplO $1 'or p.l : ....... ""' lc<"''' Orders reCl iYed by
I PM CST ean us""lIy be dlli ve. ed the Mxl mo,nlng, "I' Fed .r. l Exp. es s St l"da rd
A" "'S6 00,Of g" . rl ntM dMltdlly Prton ly On. " S1300 t M p;Ir's qo...ar;>rllulid

Ie PROMPT DELIVERY!!!
S SAME DAY SHIPPING (USUALLY)

QUANTITY ONE PRICES SHO'NN lo r APRIL as. 1987.. . .

Computing Technology
247 Balsam St. Ridgecrest, CA 93555

(619) 375-5744

COMPUTER
ASSEMBLY
MANUALS

Eliminate Guesswork!
Build with Confidence!

BIG BLUE SEED for IBM'· BUILDERS
Parts list, placement diagrams & instructions
for assemb ling over 75 IBM-compatible
bare cards. Latest version includes guides
for 640K, Turbo, &AT MthBds $17.95

APPLE SEED II for APPLE'· BUILDERS
Instructions for assembling over 85 Apple­
compatible bare cards including 11+ & lie
MthBds. For all Apple enthusiasts ..$14 .95
Both for $30.00! A/so bare cards in stock!

Check /money -orde r, VISA/MasterCard to:

NuScope Associates ', Dept RE
P.O. Box 790 • Lewiston, NY • 14092

." DIYISIOI'I04 xcemc MlCroT ec h In(:
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IBM's Personal System/2

Fallow ing mo nths of speculat ion and
rumor, IBM has finally released a quartet

of new co mputers, a new version of DOS,
and a slew of new peripherals, including an
optical di sk drive.

It's immedi ately apparent that the new
co mp uters are intend ed to open new d i­
rections for IBM, as well as to maintain con­
tinuity w ith past machines. And it doesn't
seem that IBM has made the kind of market­
ing bl under it did w ith the PC JRand the PC
Portab le.

There are four new Personal System/2
comp uters, as shown in Fig. 1; they're du b­
bed the Models 30, 50, 60, and 80, and
base models of each list for $1695, $3595,
$5295, and $6995, respect ively. As you can
see, the Models 30 and 50 are desktop
mode ls, and the others are floor-stand ing.

The Mod el 30 is basically an upgraded
PC (or XT); the Models 50 and 60 are

basically upg raded versions of the AT; and
the Model 80 is IBM 's long-aw aited 386
machine. The Mod el 30 has been rated to
run about twice as fast as the PC, and the
Models 50 and 60 (which d iffer mainly in
the number of expansion slots each con­
tains), twice as fast as the AT. The Model 80
is rated twice as fast the Models 50 and 60.
Spec ifications are summarized in Tab le 1.

New features
Technical details are hard to come by at

thi s early date, b ut here's what we've
learned so far. (We hope to havea hands-on
review next month.) The main features that
di stintuish the Personal System/2 comp ut­
ers from the o ld mode ls are the new di sk
drives, the new video hardw are, the new
expansion slots, and the new unreleased
operat ing system called O pe rating Sys­
tem/2 (OS/2) .

A ll the new models co rne w ith 3W' di sk
drives. Each Model 30 d isk ho lds 720K
(twice that of a standard 5% inch d isk);new
di sks for the other machines ho ld 1.44

megabytes each,and the Mod el 50, 60, and
80 di sk drives can read both typ es of di sks.
The 720K d isksare used in many portables
currently on the market.

The new video hardware is compatib le
w ith the o ld CGA standard, but it also adds
several new mod es that are incompatible
w ith all othe r standards, inc luding IBM's
own EGA aswell asthe Hercules standards.
The new video modes offer higher resolu­
tion and more co lors than the CGA, and
they require new analog monitors that are
incompatib le w ith all other IBM-compati­
b le monitors current ly on the market.

The Models 30 and 50 have three expan­
sion slots each; the Models 60 and 80 have
seven slots. The slots in the Mod el 30 are
electrically comp atib le wi th the old-style
slots, but expansion slots should n't be nec­
essary beca use the Model 30 includes
most co mmon add-on hardware: 640K of
RAM, a video adapter, serial and parallel
ports, mou se ada p ter, and a ba t tery­
backed clock/ca lendar. The expansion slots
in the other mod elsare totally incompatibl e
w ith the old -sty le slots, but the new bus,
w hich IBMcalls the Micro Channel, can op­
erate at a much higher speed than the o ld
bus. The Models 50 and 60 have 16-bit
buses; the Model 80 has a 32-b it bus.

DOS and OS/2
There is a new version of DOS(DOS 3.3)

and a totally new operating system, w hich
won't be released before the end of the
year. DOS 3.3 has a few added commands
(includ ing a CALLstatement for use in batch
files), and has enhanced some old p ro­
grams (BACKUPand RESTORE,for examp le),
but all in all the new DOS does very little
more than p rovide support for the new
hardware . It runson all pastand present IBM
PC's.

The other new operating system is called
Operating System/2, and it co ntains many
of the advanced features power users and
networkmanagers have been clamoring fo r.

OS/2 supports three "environments" and
wi ll co me in three versions. The three en-
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TABLE 1-IBM PERSONAL SYSTEM/2

Model 30 Model 50 Model 60 Model 80

Microprocessor 8086 80286 80286 80386

Potential system Up to 21/2 times Up to 2 times Up to 2 times Up to 31/2 times
throughput PC XI'" PersonalComputer AT" Personal Computer AT Personal Computer AT

~!~I)Q~!'~_!!!E}_rn9!.Y____•••_ §.1Q!S§.__________..._........ 1M.!? ..••.......____.___..••... 1M.!? ...•..____________._..__•• lJ.P..19_~M.I?_ ._________._____..
Expandable to 7MB 15MB 16MB

Diskette size 3.5-inch 3.5-inch 3.5-inch 3.5-inch
and capacity 720KB 1.44MB 1.44MB 1.44MB

F:!~~~l..<~l~~_..___..........__. ~Q.~§-----------_.. __.••_•.•.. 2.9.~~__••••____•••_.____._•••• 4i ,JQM_!?_________.___..___.. 41_,.z9~__1~_~M~._._....__.._
Addit ional options 44, 70, 115MB 44, 70, 115MB

Maximum configuration 20MB 20MB 185MB 230MB

Expans ion slots 3 3 7 7

Operat ing system(s) PC DOS 3.3 PC DOS 3.3 and PC DOS 3.3 and PC DOS 3.3 and
Operating System/2 '" Operating System/2 Operating System/2

vironments (DOS, Family, and OS/2) allow
various levels of software co mpatibli lity
The DOS environment should be totally
compatible w ith existing programs; the
OS/2 environment w ill allow full access to
the features of the new computers (what
we call the M & M's: Multi-tasking and ex­
tended Memory); and the Family environ­
ment provides a brid ge between the two.

The Standard Ed ition Version1.0of OS/2
w ill include extensive on-l ine help facilities
and support for the M & M's. IBMexpects to
release lO in the first quarter of 1988. The
Standard Edition Version 1.1w ill inc lude all
the capabi lites of lO, p lus a Macintosh­
style graphicslwindow user interface. IBM
expects to announce a release date for l1
by the end of 1987.According to the rumor
mill, the wi ndow interface may be Micro­
soft Wind ows, IBM's own (and neglected )
Top Vievv, or some comb ination thereof.

IBM calls the third version of OS/2 the
Extended Ed ition, and it w ill includ e an
advanced relational database manager, an
advanced communications program (that
wi ll allow background co mmunications),
and terminal emulation . The extended edi­
tion seems to be aimed primarily at users
who do a great deal of work on both PC's
and mainframes.

Price and performance
It's easy to see that IBM is not going after

the rock-bottom clone market, although the
new model s are not hopelessly expensive,
either. For examp le, one week after IBM's
announcement, Model 30's were be ing
sold acrossthe counter in New YorkCity for
about $1400 for the dual-flo ppy model and
about $1800 for the floppy/ha rd-d isk
model. That price doesn 't include a
monitor, wh ich runs an extra $225 or $475
(street p rice) for monochrome or colo r, re­
spectively How ever, that p rice does in­
clud e everyth ing IBM and the clone makers
previously sold separately-video adapter
card, ports, RAM, etc. Meanwh ile, prices of
the old mod els have dropped on the order

of 30%, so now you can get a real IBM for
the cost of a clone.

Technically speaking, the new machines
ind icate that 5Y4" d isk drives areon the w ay
out and that 3W' drives are on the w ay in.
The takeover w ill be gradual, but it is inev­
itab le-asw asthe transition from 8" to 5W'
d isks-because the new d isks are much
more d urab le and hold much more infor­
mation than the old ones.

The problem w ith video is much more
difficult to discuss, mainly because at this
early date there is little hard data. We know
that the new graphics hardware is not com­
patible wi th EGA and Hercules standards,
but we've been unab le to find out whether
it's possible to run an EGA or Hercules card
in a Mod el 30. (The bus structure of the
more pow erful machines preclud es EGN
Hercules use in those machines.) If it's not
possible, until p resent-day graphics soft­
w are isadapted to the new video standard,
it w ill have to run in CGA mod e. On the
other hand, it appears that text-mod e soft­
ware w ill be able to take advantage of the
new higher-resolution hardw are, so word
processors, outline processors, and the like
should benefit immed iately

What to buy
If youwant to buya PCnow, firstyou must

choose between IBM and non- IBM equip ­
ment. If you ch oose IBM, you have to
choose between old technology and the
Model 30,on the one hand, and the Mod els
50,60, and 80 on the other.And the choice
may not be easy, depend ing onyour needs.
If you're qui te sure of your present and
future needs, and an old -technology ma­
chine or a Model 30 wi ll meet those needs,
buy one. Present hardware and softwa re
w ill power those machines for perhaps an­
other five yearswithout looking too dated .
How ever, beware that softwa redeve lopers
wi ll gradually shift the focus of their efforts
over to the new machines, and that de­
velopment efforts for the old machinesw ill
gradually cease (as happened w ith CP/M).

Choosing among a Mod el 30, an IBM PC(or
XT), and a clone is d ifficult, but if I were
buying today I'd lean strongly toward a
Model 30 because it bridges past and fu­
ture technologies.

On the other hand, if youwant a machine
that you can grow w ith, one that w ill be
able to take advantage of the M & M's and
the app lications software that w ill put the
hardw are to work, buy one of the more­
pow erful new machines.t<D.

KEYBOARD MEDLEY

Keyboardsarenot all created equal. Like
people, they come in a variety of sizes

and shapes, and they all work di fferently
The differences among keyboards may
seem trivial, but if you spend much time
pound ing on one, you'll want to ensure that
it has the right feel for you. If you w ork on a
number of different keyboards, trying to
adapt to the d ifferences among them can
make you yearn for a long rest in a well­
padded cell.

We w ant to keep you out of that cell, so
here's the lowdown on various keyboards.
We've got fat ones, thin ones, plain ones,
fancy ones-there are eight in all, and they
cover the majority of styles (PC, AT, and
Enhanced ) in common use. And several E
have features that make them attractive for C<
special applications (typ ing, CAD, use by <0
untrained users, etc.). ~
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Contact your loca l IBM representative for information on the IBM Enhanced keyboard.
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FIG. 1-IBM'S ORIGINAL KEYBOARD

IBM's Enhanced keyboard
Tw o yearsafter the announcement of the

AT, IBM introduced the XT 286, a machine

F?fJ
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FIG. 3-A ZENITH CLONE

FIG. 4-A FOREIGN CLONE (IN THE AT STYLE)

FIG. 2-THE KEY TRONIC KB5151,
AN EARLY CLONE

of the AT-style clone keyboard (show n in
Fig. 4) is quite similar. Notice that the Enter
key is much larger now. How ever, the Back­
Space key is smaller, and the Backslash key
has been moved to the upper row (be­
twee n the Bac~Space and the " = " keys).

The clone board shown in the photo has
an Enter key in the keypad, but the ATdoes
not. In addition, on the AT, the upper right
keypad key is labeled SysReq; that key isnot
normally used by DOS. Beneath it is the
PrtSc key, followed by the "-" key and the
"+ "keys. On the AT, the " + "key occupies
the space of two keys.

The strangestthing about the AT layout is
that the Esc key has been moved from its
tradit ional p lace at the upper left corner of
the main keyboard to the upper left corner
of the numeric keypad . One can only spec­
ulatewhy that was done. The Grave keywas
moved to the normal Esc positio n. The AT
keyboard also has ind icator lights for the
toggle keys.

the keyboard to a single row above the
main port ion of the keyboa rd . Ind icator
lights were added to the toggle keys, and
an Enter key (which is equivalent to the
Return key) was added to the existing nu­
meric keypad .

The feel of the keys is mushy, and, al­
though you're unlikely to press the back­
slashkey accidentallywith the 5151s layout,
it's also hard to get to it (without looking)
when you do want to press it. In addition,
KeyTronic placed the Caps Lock key be­
twe en the ''A'' key and the Ctrl key, so it's
easy to hit it by mistake.

A Zenith clone
The keyboard Zenith Data Systems sells

with severalcomputers is shown in Fig. 3. It
cor rects many of the faults of the original
IBM board, hasa slightly mushy feel (but not
asmuch asthe KeyTronic model), and emits
a nice keycl ick (through the speaker in the
system unit). The Return key is large, and
there is an Enter key in the numeric keypad .
The Backslash key w as moved down a row,
so that it's between the Srilceoilr and the
Alt key.You're not likely to hit it accidentally,
but it can be hard to home in on, especially
if you also use an IBM or other keyboard.
One nice feature is that the toggle keys all
have internal LED's. The keyboard is avai1­
able separately; see Tab le 1 for more de­
tailed information.

The AT layout
Everyone in the industry knew that there

w as w idespread di ssatisfaction with the
original IBM layout, but IBM ignored that
d issatisfact ion w hen it introduced the XT in
1983. In fact, it w asn't until the ATw as intro­
duced in 1984 that IBM attemp ted to cor­
rect its error. We w ere unable to obta in an
AT keyboard to photograph, but the layout

Heath Company
Parts Department
Benton Harbor. MI 49022
616-982-3571

DataDesk International
7650 Haske ll Avenue
Van Nuys. CA 91406
800 -826-5398

Quixote Corporation
One East Wackar Drive
Chicago. IL 60601 .
800-325-1850 (Illinois)
800-523-8356 (Elsewhere)

Key Tronic Corporation
P.O. Box 14687
Spokane. WA 99214
800-262-6006

Manufacturers

TABLE 1-PRODUCTS REVIEWED

Turbo-101
$149.95

KB5151
$255
KB5153
$299

100-1861
$125

RapidWriter
$595

Product

The original
IBM introduced the PC in 1981. The first

thing many people noticed was that IBM
completely abandoned the layout it had
standardized on the Selectric series of
typewriters. (See Fig.1.) The major faults are
that the Return key is small and hard to
reach, and that the Backslash key is located
between the "Z" key and the Left Shift key.
Other features(w hich some userslove, but
many hate) are that the keys must be de ­
pressed far to get a response, and each
depression causes the keyboard to emit a
loud mechanical c lick (as opposed to a
soft, electronically controlled one).

In addition, the Caps Lock, Num Loc k,
and Scroll Lock keys have no indi cato r
lights, so you can't tell w hich mode you're
inw ithout typing something (and then eras­
inj itl), A lso, the layout of the numeric key­
pad leaves much to b e de sired . For
example, there is no Enter key, but the " + "
key occup ies the space of three keys!

Key Tronic 5151
The first attempt to improve that un­

popular layout was made by the KeyTronic
company; it has become a standard in its
own right, although it is not without its
problems too .

The 51 51 keyboard add ressed many of
the faults of the original. The bigge st dif­
ference is that an additional keypad was
added so that it is not necessary to toggle
the Num Lock key to alternate between
using the keypad to ty pe numbers and
move the cursor. The Return key was also
enlarged, the Backslash key w as moved to
the far side of the Right Shift key, and the
Grave key ( ) w as moved above the Return
key, to leave more room for the latte r.

In ad di tion, the fun ction keys were
moved from the dual row on the left side of

(fJ
o
Z
o
a:
I­o
W
....J
W

o
(5
<t:
a:

68



FIG. 5-IBM'S ENHANCED KEYBOARD

II D:I:lJ a:II.J a:EI !ii&1II

I~H ~l ~.I ' H I ~ I~
[

' y.~ ,. ~ : r I rJ I· I . . . I_t-: U n fl ! I, : :
__ ~I_~I_~~I r ~ y . _~ __

FIG. 6-THE DATADESK TURBQ-101

FIG. 7-QUIXOTE CORPORATION'S
RAPIDWRITER
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FIG. 8-THE KEY TRONIC KB5153

halfway between the XTand the AT in com­
put ing power. A long w ith the XT 286 came
a new keyboard, the so-cal led Enhanced
keyboard . If you had never seen a comput­
er keyboard before, you 'd probably say
that it's a work of art. (See Fig. S.) The main
keyb oard has a symmetrical layout and
there are separate numeric and cursor key­
pads . A lso, there are two new function
keys, for a tota l of twelve funct ion keys,and
101 keys overall.

The fee l of the new keyboard iswonder­
ful; you d on 't have to p ressthe keysvery far
or very hard . There's no audio feed back,
but you don't need it; the keys themselves
provide a p leasant yet unobtrusive cl ick.

In fact, there'sonly one real problem with
the Enhanced keyboa rd: the Ctrl key. Actu­
ally there are two Ctrl keys and two Alt keys,
located symmetrically on both sides of the
Spacebar. The normal position for the Ctrl
key is now occupied by the Caps Lock key.
If you're used to a keyboard w ith Ctrl in the
normal position, you may go w ild trying to
adapt to the new pos ition.

Another anomaly of the Enhanced key­
board is that the Esc has been moved yet

again-now it'sat the left edge of the upper
row of keys, by the Function keys. At least
that's the same general area as normal.

The numeric keypad finally has an Enter
key, and the Backslash key is now in a rea­
sonable location.j ust above the Enter key in
the main keyboard . In addit ion, the Back­
Space key is now large and easy to find; it's
located just above the Backslash key.

The DataDesk Turbo-101
There's always someone waiting to cor­

rect an IBMmistake.TheTurbo-101hasmuch
going for it, including a switch that allows
you to swap the functions of the Caps Lock
and the Left Ctrl keys,and keycaps to make
it look as if the keyboard had been de­
signed that way from the beg inning.

In add ition, another swi tch adapts the
board for use w ith either a PC (o r XT) or an
AT. The board can also be used with either
the old BIOS ROM (which does n't recog­
nize the new function keys) or new BIOS
ROM's (which do). If you use the Turbo-101
with an old BIOS ROM, F11 generates Alt-F9
and F12 generates Alt F10 key codes. By
cutting the leads of two diodes, you can
force the keyboard to generate the new
scan codes for those keys. Further, the Tur­
bo-101 comes w ith a copy of Borland 's Tur­
b o Lightn ing, a combi nat io n spe lli ng
checker and thesaurus.

The only prob lem w ith the keyboard is
that each key hasa soft de tent that is inferior
to that of IBM's Enhanced keyboard . Other
than that; the Turbo-101 is a good deal.

Special keyboards
Several firms have taken the idea of im­

proving the IBM keyboard further than
merely re-arranging the layout. For example,
the RapidWriter (shown in Fig. 7) is a hard­
wa re/software combinatio n that is de ­
signed to increase secretarial eff iciency by
auto mating the process of typ ing repetitive
words and phrases.

The keyboard is identical to the Key­
Tronic 5151.(Just aswe were going to press
Quixote Corporation informed us that fu­
ture versions of RapidWriterwil1 come w ith
a101 -keyenhanced keyboard .Thesoftware
has also been upgraded.)

The software loads a specia l keyboard
d river that senses when several keys are
p ressed simultaneously. That condition is
called a "chord" by Qu ixote.When the keys
co rrespond ing to a previously stored chord
are pressed, an ent ireword or phrase flows
into the current document, just as if that
word or phrase had been typed at the
keyb oard .Chords arestored in d ict ionaries;
each dictionary can conta in 250 chords for
a total of 16,000 characters.Youcan have an
unlimited number of dictionaries,aseach is
stored in a separate disk file .

You can cause the first letter of a chord to
be cap italized by p ressinga Shift keywhen
you press the chord . Or you can cap italize
the entire chord by pressing Caps Loc kw ith
the chord. In addition, yo u can define

chords that pause one or more times during
chord expansion, allowing you to type in­
formation at the keyboard.And a chord can
"call " another chord, expand it, and return
to the calling chord. You can also edit and
pr int chords .

Key-Tronic 5153
The most innovative and useful special

keyboard w e've seen is the KeyTronic 5153
(shown in Fig. 8), because it contains a
programmable keypad (on the right side of
the unit) instead of separate numeric and
cursor keypads.

The basic keyboard layout is in the AT
sty le, with the Escape key in the numeric
keypad. The keyboard has the typical Key­
Tronic feel-mushy, but not so mushy as
some inexpensive clo nes. The programma­
b le keypad is like a d igitizing tab let; it can
resolve moti on to a precision of about 0.001
inch.Youuse the keypad by pressingit with
your finger or with a p lastic stylus.

The keypad hasseveral modes of opera­
tion . You can use it as a cursor keypad, in
which each press is converted into equiv­
alent cursor-key codes. In the funct ion-key
mode, the pad is divided into a number of
squares, each of which is freely program­
mab le. KeyTronic supplies p rogram files
(and plastic ove rlays) for common DOS
comm and s (DATE, TIME, TYPE, FO RMAT,
etc .), and for popul ar ap plicat ions p ro­
grams, including WordStar and Lotus 1-2-3.
KeyTronic also supplies software that al­
lows you to create your own keypad macro
filesCformatr ixsizesof2 x 2,3 x 3,4 x 4,
or 5 x 5), and blank overlays.

In the mouse mode, the keypad emulates
operation of the Microsoft mouse; to use it,
you run the stylus across the keypad . A
graphics mode func tions similarly, but each
point on the keypad corresponds to a po int
on the d isp lay screen. You can also use the
keypad in several mcdes that comb ine the
above modes. .

Conclusions
Each of the keyboards we examined has

merit; some are better for particular ap­
plications than others. The main features
you'll want to consider when buying a key­
board are the overall layout, indicator lights,
feel (mushy, "c1ic ky, " or somewhere be­
tween the two), and extra features
(bund led software, for examp le). The most
important feature is layout, so examine it
carefully; layout can make the d ifference
between productive and non-productive
use of a machine. Try before you buy.

Which would we choose? For general
use, the IBM Enhanced keyboard . It has by
far the best feel, and is now the standard of
IBM's entire line of PC's.

The KeyTronic5153is our runner-up. It has
a good feel, and the keypad can save the
cost of a mouse,a digitizing tablet, or both.
A pe rson just start ing out in computing
could get by w ith it until he or she could
justify the cost of the extra periphe ral.. CD.

'-­c
~

69



FROM
KEYPRESS

TO
SCAN CODE

IBM keyboards come in a variety of sizes and shapes­

here's how they work and how theydiffer from

one another.

JEFF HOLTZMAN,

TECHNI CAL EDITOR
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IBM's Technical Reference manuals are notorious sources of both
information and misinformation-or perhaps we should say non­

information. Keyboard documentation is a perfec t example. The
"schematic diagram" (from the manual for the original PC) is litt le
more than a b lock d iagram, and is little help in understand ing how
the keyboard works . The c ircuit functions basically asdiscussed in
our other article on keyboards this issue, except that the 8048
microprocessor performs the matrix scanning that the logic Ie's do
in the discrete-logic versions.

The most informative (and interesting) information about how
the keyboard functio ns in the IBM PC is contained in the software
listings in IBM's Technical Reference manuals. In this article we'll
discu sshow the softwa re processes the raw key codes generated
by the hardware, and we' ll present a BASIC program that demon­
strates graphically how your keystrokes are interpreted at various
levels by the co mp uter.

Hardware, BIOS, DOS
You can view the IBM PC from three d ifferent perspectives, as

shown in Fig. 1. At the low est level is the hardw are: the micro­
processor, RAM and ROM memory, the d isk drives, the di splay

adapter card, the monitor--and the keyboard . Controlling the
hardware, of course, is softwa re; and, in the IBM, there are two
levels of co ntrol softwa re.

USER

FIG. 1-HARDWARE AND TWO LEVELS OF SOFTWARE com­
prise the IBM PC. The user interacts with the hardware, which
communicates with the BIOS. DOS provides a number of high­
level functions for programmers to use in accomplishing a wide
variety of tasks, including reading and writing disk drives, com­
munications ports, and the keyboard.



The low er of those two levels is the BIOS (Basic Input/O utpu t
System); it is contained in a ROM (or in an EPROM on most clones).
Code in the BIO S ROM is responsib le for all of the low-level
functions of the computer: displaying characters on the screen,
send ing them to the pr inter, transferring data to and from the disk
drives, getti ng keystrokes from the keyboard, etc.

The upper software level is the DOS (Disk Operating System),
which is co ntained in several files on di sk. DOS is the level through
wh ich p rogrammersare supposed to di splay data, manipulate di sk
files, and get keystrokes. How ever, to improve pe rformance (o r
sometimes just by preference), many programmers go to the BIOS
(o r even to the hardw are itself).

Inte rrupts
To understand how the hardware communicates w ith the soft­

ware, you must understand the basics of interrupts. A device (the
keyboard, for examp le) can interrupt the normal processing of the

Other software interrupts, at both BIOS and DOS levels, allow
many operations, including di splaying characters, gett ing user in­
put from the keyboard, reading and writing d iskdrives, read ing and
writing comm unications ports, etc. As we saw, interrupts can
interrup t each ot her (sometimes-but that's a story that we'll not
get into here.) With the basics of interrupts in mind, now let's see
how the keyboard -interrupt-processing software works.

Keyboard hardware, BIOS software
Keyboard processing on the IBM provides a good examp le of

how the hardware meshes w ith the software. As we said, each
keypressgenerates an interrupt 9. That interrupt is p rocessed in the
BIOS ROM and then passed on to DOS for further, more sophist i­
cated handling.

There are 83 keys on the standard IBM keyboard; each has an
associated eight-bi t scan code. The keys and their scan co des are
shown in our lead illustration and in Table 1. Each t ime you pressa

TABLE '1- IBM KEYBOARD CODES

Code Label Code Label Code Label Code Label
1 Esc 22 U 43 \ 64 F6
2 1 23 I 44 Z 65 F7
3 2 24 0 45 X 66 F8
4 3 25 P 46 G 67 F9
5 4 26 [ 47 V 68 F1 0
6 5 27 J 48 B 69 NumLk
7 6 28 Retn 49 N 70 ScrLk
8 7 29 Gtrl 50 M 71 Home
9 8 30 A 51 72 UpArw

10 9 31 S 52 73 PgUp
11 0 32 0 53 ! 74
12 33 F 54 RShft 75 LftAr
13 34 G 55 PrtSc 76 5
14 Bksp 35 H 56 Alt 77 RgtAr
15 Tab 36 J 57 Space 78
16 Q 37 K 58 GapLk 79 End
17 W 38 L 59 F1 80 DwnAr
18 E 39 60 F2 81 PgDn
19 R 40 I 61 F3 82 Ins
20 T 41 \ 62 F4 83 Del
21 y 42 LShft 63 F5

comp uter's 8088 microprocessor. When you press a key at the
keyboard , it generates a signal that is sent to the co mputer; that
signal says "Hey! Somebody pressed a key!"

The microprocessor then sto ps w hat it is doing and loads the
add resscorrespond ing to the keyboard handl er ( interrupt 9) from
a spec ial location in memory. (Unless otherwi se specified , all
numbers in this article are in decimal notation ). Processing con­
tinuesat that addressas the 8088 reads the keyboa rd port, converts
the raw key code into something meaningful, and stores it for use
by wh atever program was running before the interrupt occurred .
Last, the 8088 performs a spec ial instruction (IRET, for Interrupt
Return) that allows it to co nt inue w here it left off before the
interrup t took place.

Devices other than the keyboard (the d isk drives and the serial
ports, for examp le) generate their own interrupts, which the 8088
processes in the same fashion. The d ifference is that each interrupt
is d irect ed to a different location in memor y.

In add ition to hardware interrupts, the 8088 also allow s software
interrup ts for many co mmonly used functions. For examp le, w hen
you press Shift-PrtSc, whatever isdisplayed on the screen is sent to
the prin ter. That works as fo llows :Firstth e two keyp resses (Shift and
PrtSc) gene rate their own interrupts. The co mputer p rocesses
those interrupts one at a time, and, w hen it realizes that a print­
screen opera tion should be performed , it generates interrupt 5
(from w ithin the interrupt-9 hand ler). Interrup t 5 does the screen­
print and then returns to the interrupt-9 hand ler,w hich then returns
to whatever program w as in control when Shif t-PrtSc was pressed .

key (any key; including the ones you don't normally think of as
generating a code-the Shift keys, A lt, Orl , etc.), the keyboard
interrupts the microprocessor, send ing it the scan code. Each time
you release a key; the keyboard generates another interrupt, send ­
ing it the same scan code, but now w ith the high bit set (l. e., the
scan code + 128).

The BIOS then translates the scan codes into ASCII and oth er
codes, depending on the state of eight keys: Contro l, A lt, Delete,
Insert, Left Shift, Right Shift, Num Lock, Caps Lock, and Scroll Lock.
For examp le, the ''A''key has a (hardware-level) scan code of 30. So
when that key is pressed, the 8048 in the keyboard sends a30 to the
IBM BIOS through Interrupt 9. When the key is released, the key­
board sends a 158 (30 +128) to the co mputer. If the ''A'' key is
pressed continuously; the 8048 co ntinuously sends 30's until the
key is released, at w hich time a 158 is sent.

The BIOSw ould translate that 30 into a lowercase "a" (ASCII 97).
But suppose that one of the shift keyswere pressed simultaneously
w ith the ''A.'' In that case, the BIOS would translate that 30 into an
up percase ''A'' (ASCII 65). If the Control key w ere pressed, the
hardware-level 30 would become a BIOS-level Cntl-A (ASCII 1). If
Caps Lock were on and one of the shift keys were pressed, a
low ercase "a" w ould be generated.

How ever, if the Al t key is p ressed w ith the ''A'' key; something
funny happens: The BIOS now generates two codes, the first of
w hich is a zero, and the second of w hich is often (but not always)
the scan code for that key. A nd the scan code, of course, bears no
relation to standard ASCII co des.The Function keys,the arrow keys,
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199 REM main loop --- ----- - ------ - --- - - - .--- - - ----- - ---- - ------- -
119 GDS UB 159 , REM update shi ft key disp lay
129 AS=INKEYS
1311 IF AS< >" " THEN GOSUB 299 , REM update DOS display
149 GOTO 119
159 REM Update status key display ---- - - ------ ----- - - - - ---- -----­
169 YBOX =21:XBOX =-7:F LAG I=PEEK(&HI7)
1711 FOR SK=l TO 8
175 XBOX=XBOX+19
189 IF FLAGI AND 2"(SK-l) THEN GDSUB SllIl ELSE GOSUB 400
185 NEXT
199 RETURN
299 REM Display DOS keys - - -- - --- - - ----- - ---- - - - - -------- - - - - ---­
205 A=ASC(A$)
210 LOCATE 13 ,36:PRINT A,
220 IF A=O THEN PRINT ASC(M ID$(AS ,2» ; ELSE PRINT" " ;
230 LOCATE 5, 22
235 IF INSTR(NOPRINT$ ,AS)=O THEN PRINT M ; ELSE PRINT " " :
240 LOCATE 5,32:PRINT " ";
259 LOCATE 5,3 2
2611 IF A > 127 THEN PRINT "Ext e nded (8-bit) ASC It " ; : GOTO 390
270 IF A > 31 THEN PRINT "peq uLa r (7 -b i t) ASCtI" ; ,GOTO 390
280 I F A > 0 THEN PRINT "Cntl- " ;CHR$(A OR &H49 ) ; ,GO'tO 300
290 PRINT OESCS(ASC( MIDS(AS ,2») ;
300 RETURN
490 REM Clear box - - -------------- ------ - - - - - - ----- ----- - - ----- - -
410 REM inputs: xbox,ybo x
420 LOCATE YBOX ,XBOX
4 3 0 PRINT " ";
440 LOCATE YBOX+I ,XBOX
45 9 PRINT" It;
460 RE'tURN
500 REM Fi l l box ---- - --- - ----- --- - - ------- - --- - --- ----- - - -------
510 REM inpu t s : xbox , ybox
520 LOCATE YBOX ,XBOX
530 PRI NT FIL LS
540 LOCAT E YBOX+ I,XBOX
550 PRINT FrLLS
S60 RETURN
600 REM draw box - - -------------- - ----------------- - - - - - ------- - -610 REM inpu t s: xbox , ybo x : start position
630 REM xlen ,Ylen : len9 th
640 REM firs t do co rners
659 LOCATE YBOX ,XBOX
660 PRINT CH RS(291) ;
670 LOCATE YBOX ,XBOX+XLE!'I-I
680 PRI!'IT CHRS(l87) ;
6911 LOCATE YBOX+YLE!'I-I ,XBOX
700 PRI!'IT CHRS (200),
710 LOCATE YBOX +Y LEN-l ,XBOX+X LEN -1
7211 PRI N't CHR$(188) ;
730 REM now do ho r i z lines
740 FOR BOX=l TO XLEN-2
750 LOCATE YBOX,XBOX+BOX
760 PRINT CHRS(20S) ;
770 LOCATE YBOX+YLE!'I - l ,XBOX+BOX
780 PRINT CHRS (205) ; -
790 NEXT BOX
800 REM now do vert lines
810 FOR BOX=l 'to YLEN-2
820 LOCATE YBOX+BOX ,XBOX
830 PRIN't CHRS(186);
840 LOCA'tE YBOX+BOX ,XBOX+XLEN- l
850 PRINT CHRS(lB6);
869 NEXT BOX
870 RETURN
900 REM Draw shift keys ------ -----~---------~----- ------- - - - ----

" "f ' tFl,F2 ,F3 ,F4 ,FS ,F6 ,F7 , F8 ,p9 ,FlB "
H.ome /Up-arrow, PgOp" Left.... arrow, , Ri ght - ar row, , End ,Do wn- ar row
PgDn , Ins , De l
Shi ft -Fl ,S h ift-F2 ,S hift-F3 ,Shif t-F4,Sh i f t-F5
Sh if t -F6,Shif t -F7 ,Shift-FS,Sh ift - F9 ,S hift-F10
Cntl-Fl ,Cnt l -F2 , Cnt l-F3 ,Cnt l-F4 ,Cn tl-F5
Cntl -F6,Cntl -F7 ,Cn t l-F8 ,C nt l-F9 ,CntI-Flll
Alt-Fl ,A l t-F2 ,AI t-F3 ,Alt-F4,Al t -F5
Al t-F6 ,AIt-F7,Al t -F8 ,Al t - F9 ,Alt-FlO
Cnt l-PrtSc ,Cntl-Left-arrow,Cntl-Rig ht-arrow
Cntl-End ,Cntl-PgOn ,Cntl-Home
Alt-l ,Alt-2 ,Alt-3,Al t -4 ,Alt-5
Alt-6 ,Alt-7 ,Al t-8 ,Al t-9 ,Alt-0
Alt-,Alt - ,Cntl -PgUp

YBOX=20 ,XLEN=8 ,YLEN =4
FOR FKEY=2 'to 72 STEP 10

XBOX=FKEY
COSUB 690

NEX't
RESTORE 1070
FOR FKEY=3 'to 73 STEP 10

LOCATE 18,FKEY
READ AS
PRIN't AS
LOCATE 19 ,FKEY
READ AS
PRINT AS

NEXT
RETURN
DATA Right ,shi ft ,Le f t, Sh itt , , Cont r o l " AI t
DATA Scrol l /L¢ck ,Num , Loek ,Caps~ Lock"lnsert

REM Draw BIOS bcx - - - - - - - - - - - - --- - - - - --- - - ----- - - - - --- - - - ---
LOCAT E r r, 39
PRINT "BIOS- l eve l scan code " ;
XBOX =3S:YBOX=12 :XLEN=10 ,YLEN=3
GOSUB600
RETURN
REM Draw DOS boxes -- - - - - - - - -- - --- - - - - - -- - - - --- --- - - ---- - - --
XBOX =20,YBOX=4,X LEN=5 :YLEN=3
GOsUB 600
LOCATE 7,29
PRINT "AS CI lUi
XBOX=30 ,YBOX =4:XLEN=26 :YLEN=3
GOSUB 600
LOCATE 7,32
PRINT "De s c r i pt i o n ";
LOCATE 3,31
PRI NT "The DOS In terpreta t ion" ;
RETURN
REM I ni tia lize - - ------ - - ----- - --- - ------ --- - - - - - - - - - --- - - - -
KEY OFF'CLS:DEFINT A-Z :OEF SEG= &H40
FOR 1=1 TO 6:FlLLS=FIL LS+CHRS (219} :NEXT
FOR 1=1 TO 10 :KEY I , " " : NEXT
NOPRINTS=CHRS(7) +CHR$(9)+C HRS( 10 ) +CHRs(12)+CHRs (1 3}
LOCATE 1,19,9
PRIN't "Compu t e r Digest Keyboa rd Demonst ration" ;
GOSUB 990 : REM draw shif t ke ys
GOSUB 1100 : REM draw BIOS bo x
GOSUB 120 0 : REM dr aw DOS box
DIM OESCS (U 2}
RESTORe 3010
FOR -1=1 TO 13 2:REAO OESCS (t ) :NEXT
RETURN
REM Key l a be l da ta - - - - - - - - - - - - --- - - - - - ----- - - - - -- - - - - --- - - -
DATA r , Nul l " I I I Ii; , , #:

DATA Back -Tab
DATA Alt-Q ,Alt-W ,Alt-E ,Alt-R ,Al t -T , AIt -Y ,Alt-U ,A1t - I , Alt-O ,Alt-P
DATA " ,
DATA Alt- A,Alt-S ,Al t -D ,Al t-F ,Al t-G,Alt-H ,Alt-J ,Al t -K , Alt- L
DATA ft t t

DATA Alt-Z ,Alt-X ,AIt-C ,Alt-V ,Al t-B ,Alt-N, Alt-M
DATA
DATA
OATA
DATA
OATA
DATA
DATA
DATA
DA'tA
DATA
DATA
DATA
DATA
DATA
DATA

910
930
940
950
960
970
980
990
lOOO
1010
1020
1030
1040
1050
1060
1070
1080
!l00
l IlO
Il20
1139
1140
IlSO
1200
1210
1 220
1230
1240
1250
1269
12711
1280
1290
1300
13 I II
2009
2010
2020
2030
2940
2050
2955
2060
2070
2080
2090
2100
211 0
2120
3000
3010
302 0
3030
3940
3950
3960
3070
3080
3990
3190
3110
3120
3130
3140
31S0
3160
3170
3180
3190
3200
3210
3220

03-27 -87

LISTING 1

19 REM Computer Digest Ke yboa rd Demo
29 RE M Copyri9ht Jeff Holtzman
39 GOSUB 2990



FIG. 2-0UR DEMONSTRATION PROGRAM shows the state of all
shift keys, BIOS-level scan codes, and the high-level interpreta­
tion of those codes.

Home, etc., all generate the two-byte codes.
If you w ant to see w hich codes are generated by w hich keys

(and comb inations of k~), the prog[am in Iisting] Q!:ovides a
graphic representation of how those keys are interpreted. You can
download the p rogra m (K EYMO N. BAS) f rom ou r BBS
(516-293-2283); if you type it inyourself,make sureyou enter all the
commas in the DATA statements.

For examp le,after pressing Scroll Lock, Insert, and the "J" key, the
screen appears as shown in Fig. 2. You'll notice that the boxes
corresponding to the Shift keys, Orl, and Alt light up aslong asyou
press those keys and go dim w hen you release them. By contrast,
Num Lock, Scroll Lock, Caps Lock, and Insert are toggles-each
time you press one of those keys, an internal flag is alternately set
and reset that indicates the given state(on or off).

You'll notice that some keysand keycombinations produce no
display. For examp le, the "5" key in the keypad produces no code
when Num Lock is off. It's important to understand that every time
you press anykey the keyboard generates an interrupt (unlessthe
keyboard buffer is full, at wh ich po int the keyboard w ill beep). If
pressinga keyproduces no apparent result, that'sbecausethe BIOS
has defined no code for that key (or combination).

Sorne programs make use of the "undefined " keys. For exarnp le,
Cru ise Control (reviewed in this month's Ed itor's Workbench), uses
that "5" key (when Scroll Lock is off) as a special hotkey for
controlling various functions. How ever, to get at those undefined
keys, you haveto write a cornplete Interrupt 9 handler---and that's
no trivial pursuit.

Our demonstration program has several "bugs." Those bugs are
due to d ifferencesbetween theways thatBASICand DOStreatthe
keyboard. For examp le, if you print a CHR$(12) to the screen in
BASIC, the screen w ill be cleared. In DOS, how ever, you'll see the
"female" symbo l (a circle over a cross). There are several such
anomalies; tracking them down w ill teach you much about BASIC
and DOS, aswe ll as the keyboard.

ASCII, extended ASCII, and special codes
Basically, ASCII is a seven-bit code that provides a total of 128

(27) unique codes. How ever, personal-co mputer memory is
organized ineight-b it (or lo-bit) chunks.Sowhy d idn't IBM encode
all the special keys in the uppe r128 ASCI I codes? The reason is that
IBM wanted to retain the upper codes for use by d isp layable
characters. For examp le, rnost of the codes from 128 to 167 are
foreign-language characters. Others include box-draw ing charac­
ters, special math symbols, etc.

You know how to type in standard ASCIIcodes and the two-byte
special codes-but how do you type in the extended ASCII
codes? Some programs let you do so directly (for examp le, by
associating special charactersw ith the Function keys); the IBM BIOS
letsyou type in anyASCII code frorn 1 to 255 as fo llows. Press the
Alt key, and hold it down. Now type the three-digit decimal code
that corresponds to the desired character. Use only the keypad

keys, not the number keys above the main keyboard. Afte r you
release the A lt key, the character w ill be disp layed.That procedure
works in BASIC, atthe DOScommand line, and in some(but notall)
app lications programs.

New keyboards
WhenIBM introducted the IBM PC ATin1984, it introduced anew

keyboard. The AT keyboard has a new layout (as shown in the
review in Editor'sWorkbenchthis issue),and it worksd ifferently. The
biggesthardware d ifference is that the keyboard now both trans­
mits and receives data. You can force it to stop scanning tem­
porarily, resume scanning, set the "Typematic" (repeat) rate, and
turn the status-ind icator LED's on and off.

In add ition, the hardware-level scan codes have changed. The
keys have d ifferent numbers, and there is one new key. How ever,
those hardware d ifferencesare transparent at all levels above (and
includ ing) the BIOS. So our demonstration BASIC program works
on the AT. But any program that works wi th the keyboard at the
Interrupt 9 level must know w hether it is running on an AT or a
standard Pc.

IBM stil lwasn't satisfied w ith the state of keyboard confusion, so,
w hen thecompany introduced theXT286 last fall, it introduced yet
another keyboard. The new keyboard has 101 keys, even more

. commands issuab le by the system, and three (!) software-selecta­
ble sets of scan codes. The first set is similar to the PC/XT set; the
second set is similar to UIe ATset, and the third set is similar to the
ATset,except that every keygeneratesauniquecode, regard lessof
the state of any of the shift keys(including Cntl,A lt,etc.) The lastset
should make it unnecessary for keyboard -enhancement programs
to take over the keyboard -process ing interrupt s co mp letely.
How ever, such programs w ill sti ll have to contend w ith the Pc/XT
and AT keyboards. Set 2 is the power-up default set.

To give you some idea of how the three sets of scan codes are
related, consider this examp le. The enhanced keyboard has two
Insert keys, one in the nurneric pad (key 99), the other in the new
cursor-control pad (key 75) located between the typewriter and
the numeric-keypad sect ions. Table 2 shows the codes that are
generated frorn each set w hen Insert is pressed and no shift keys
are pressed.

TABLE 2-ENHANCED KEYBOARD INSERT CODES

Code Key 75 Key 99
Set Make Break Make Break
1 E0 52 E002 52 02
2 E070 E0 F0 70 70 F0 70
3 67 F0 67 70 F0 70

Programming and the special keys
In BASIC, you can use the normal INKEY$ function to get bo th

standard and spec ial keys. Normally INKEY$collects single charac­
ters, but when aspecial key is pressed, INKEY$ returnstwo charac­
ters, the first of w hich isa CHR$(O). As at the BIOSlevel, that'sa sign
thatanothercharacter isavailable.You can test for the existence of a
special code by checking the length of the string that INKEY$
returns. Our dernonstration program illustrates the procedure; see
lines100-220.

If you're interested in working w ith the keyboard in assemb ly
language, you'll want to understand how BIOSinterrupts 9 and 16,
and DOS interrupt 33 (function calls less than 10) work. The best
sources of information for BIOS listings and scan codes are IBM's
Technical Reference manuals for the PC(or the XT), the AT, and the
XT 286, as we ll as the DOS Technical Reference manual. Some of
those manualsarehard to obtain (and expensive),soyou may w ish
to consult Peter Norton'sProgrammer's Guide To The IBM PCandRay
Duncan's Advanced MS DOS. Both are publ ished by Microsoft
Press, and both are excellent sources of inforrnation on the BIOS,
DOSand other subjects.tCD.
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WORKING WITH
SURPLUS KEYBOARDS

How they work, and how to use 'em.
Robert Grossblatt
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Once upon a time, most of us had to throw switches and turn
dia ls, but if you spent some extrabucks, you co uld talk to your

eq uipment by pressing buttons. Things stayed like that until cal­
culators showed up. When computers hit the market, keyboa rd s
became commonplace.

Add ing a keyboard to your own circuit iseasy. And w ith the parts
market loaded w ith surp lus keyboards, it's inexpensive. But using a
keyboard successfully means understanding how it works, how it's
driven, and w hat you need to get it working. Once we know the
theory,we' ll talk about how to use those surp lus keyboards sold in
the back of this magazine.

A ll keyboard circuits are made up of three parts-the sw itches
themselves, decoding circuitry,and enco d ing circuitr y.The keysare
w ired so that each one producesa uniqu e co de that can be passed
on to the decoder, the c ircuit's main section. The encode r w ill take
the keypress and translate it into wha tever kind of information is
need ed by the eq uipment the keyboard is talking to. Let's d iscuss
each c ircuit in turn.

lWo methods
The two methods most frequ ently used to w ire up switches are

w ith a common leg and in a row-and-column matrix. In Figure 1you
can see that both arrangements w ill let each keypress generate a
unique code. A co mmon-leg set-up (Fig. 1-a) is much simp ler to
des ign but is only suited to applications w here a few switches are
needed . Since each switch you add means another lead co ming
from the keyboard, large numbers of switches become w iring
nightmares. A matrix keyboard (Fig. 1-b) has fewer connections but
it usually need s more support circuitry.

The break-even point for connections is eight switches. A com­
mon-leg keyboard that size w ill need nine leads, and a matrix
keyboa rd w ill need eight. Since there are advantages and di sad­
vantages to both, w hich is best depends on wh at you're doing.
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FIG. 1-A KEYBOARD can be wired from a linear array of switch­
es (a) or in an X-Y matrix (b).
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FIG. 4-SCANNING CIRCUITfor a matrix keyboard.

Key-Pressed line becomes active. That signal tells some other cir­
cuitry down the line that the keyboard is putting out data.

That circuit could be used for both matrix and common-leg
keyboards. The difference between the two would be in how the
keyboardwasscanned. Figure 3 shows the scanning circuitry for a
common-leg keyboard, and Fig. 4 shows a similar setup using a
matrix keyboard. The clock and c;ounting circuitry is the same.

InFig. 3, thevalues of R2, R3, andC2giv~ the clockcomposed of
IC2-b and IC2-c anoutput frequencyof about 100 kHz. That signal
drivesboth IC3, half a 4520 binarycounter, and IC1, a 45141-of-16
linedecoder. As the countcycles from0 (0000)to F(1111),each of
IC1 's outputsgoeshighintum. R1 serves two purposes-it holdsthe
commonlegof the switcheslow,and,with C1, helpsto debounce
the switches.

When a key is pressed, nothing happens until thatoutput of the
4514 isselected by thecountof the4520.When theoutput doesgo
high, the Any-Key-Pressed line goes high, IC2-a inverts the signal
and disables the clock andthe counter, and putsa Iowan pin 1of
the4514 to disable it also. The result of thisisthatakeypress freezes
theoutput datalinesat theselected numberandgenerates asignal
to indicate thatvalid data is on the bus.

There are two features of the circuit thatshouldbe noticed. First,
although the switches are debounced,thedesignof thekeyboard
eliminates switch bounce. If you used noisyswitches, the worst
thatwould happen is that the switch would be in an open con-
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FIG.3-A KEYBOARD ENCODER. The scanning circuitry for a common­
leg keyboard is shown here.

Howeveryou wire yourswitches, the signals theygenerate must
be decoded. The circuit must recognize that a key is being
pressed, figure out which one it is, and then put the appropriate
code elsewhere.Decoders canbe put togetherwi thanything from
ahandfulof resistorsanddiodes to amicroprocessorandalittle bit
of digital glue.

Inall but thesimplest keyboards, thedecoder uses some sort of
clockto scan the switches looking forakeypress. Figure 2 isablock
diagram of thiskind of circuit.The output of the countermakes the
scanner sample each switch on the keyboard. When a key is
pressed, the clock is stopped, the count is frozen, and the Arry-

'--------------0 ANY-KEY-PRESSED

FIG. 2-THE TYPICAL KEYBOARD ENCODER uses a clock to
increment a counter that controls matrix scanning.
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dition when itsoutput was selected. Inthat case, thecircuit wo uld
cycle through another count as the clockkept running.Only avalid
keypress wou ld produce valid data.

SERIAL
DATA IN

AIS 14

GO 12

AlB 11

PIS 13

AIS 14

GNO 12

SI

SHIFT
REGI STE R

4034

B7
2

SHIFT
REG ISTER

4034

SERIAL
DATA OUT

b

'---- - - ----,v,...- ----'
PARALLEL
DATA OUT

a

PARALLEL
DATA IN

,---- --,,'-- ---....,

15 CL

W ......-........:;2"-j4 +V

9 AE

13 PIS

+V _ -.........:;2'"'-14 +V

9 AE

11 AlB

CLOCKo-----'1~5 CL

CLOCK

FIG. 7-A SHIFT REGISTER can be used to convert the output of
a serial keyboard to parallel form (a), or the output of a parallel
keyboard to serial form (b).

the two halves of the 4520 to get the seven-bit wo rd length we
need and use the last bit to reset the counter.

Now that we've looked at these two basic approaches to key­
board design, it's plain to see why large keyboards use matrix
switchesinstead of common-legarrangements. Butallwe have isa
keyboardthat putsout rawcode, and not elegantly To remedy the
situation, the first thing isto hang a latch onthe bus.Which latchyou
use dependson what youwant to do w ith thekeyboard.As we' re
dealing w ith afour-bit word length,the 4042seemsagood choice,
but we have to do something to control how data is clocked into
the latch. .

If we use theAny-Key-Pressed lineto directlycontrolstoringdata
in the latch, there's a chance we' re going to get flaky behavior
becauseof timing problems. Things have to happen in sequence.
Firstvalid data has to be on the bus, then it has to be clocked into
the latch.TheAny-Key-Pressed line hasto signal somethingelsethat
waits a while and then opensthe latch for storage.

Since we have a NAND gate left over, we' ll use it to build an edge
detector and control the latch asshown in Fig. 5. Since the latch's
polarity control, pin 6, istied low, the latch w ill ignore its inputs as
long asthe store control, pin 5, stays high. Bringing the store input
low wi ll wr ite data into the latch. The edge detector made from
IC2-d w ill generate a negative-going pulsew hen it sees a positive
pulseat its input. With thevalues given forC3 and R4, the pulsewi ll
be about 10 milliseconds w ide.
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TWo-key rollover
That circuit has two-key rollover. D1 to D16 isolate each of the

4514's output lines, so, if two keys areclosed at the same time,the
circuit w ill output the second bit of data as soon as the first key is
released.

Figure 4 shows a circuit for a matrix keyboard. Though we' re
encoding the same number of switchesas we did in thecommon
leg arrangement, we only need nine leads from the keyboard
instead of seventeen. The setup is d ifferent too. The basic idea
behind usingamatrix keyboard isto have thecontrolsignal come in
on one side of the matrix and leave on the other. In Fig. 4, IC4 is a
4028 BCD-to-decimal converter. A binary address on the inputs
causes the selected output to go highwhile all the rest remain low.
As we' re only handling a four-by-four switch matrix,we only need
two of the inputs.

The two low-orderbitsfromthe 4520arerouted to the 4028, and
the two high-order bits are routed to tile 4512, an eight-channel
data selector. Whe'l.9ne of its inr2uts is selected, the signal at the
inputappearsat the output. If akeyispressed, the highsignal at the
output of the 4028 is channeled through the 4512 and serves the
same function asthe common switch leg did in Fig. 3. It disables
both the clock and the counter and also becomesour Any-Key­
Pressed line to let other circuitry know that there's valid data on the
bus. The circuit also has two-key rollover.

Look at Fig.4-what about all those unused inputsand outputs
on the 4028 and 4512?And what about the otherhalf of the 4520?
Even though we' re only using a four-by-four keyboard, this same
ci 'cuit canbe setto handleaten-by-eight keyboard!We'd cascade

+V· ~""""""----------

FIG. 5-YOU CAN LATCH THE OUTPUTS of the previous key­
board encoders with the circuit shown here.

'----------,v,.-----.....J
DATA OUT

FIG. 6-A 2716 EPROM makes an inexpensive yet highly flexible
keyboard decoder. It can be re-programmed an essentially un­
limited number of times.
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So there they are, two complete keyboard circuits that wi ll latch
unique keycodes from matrix and common-leg keyboards. While
youcould usethe circuitsastheyare, the datathey generate is raw..
We still need the third basic part of any keyboard-an encoder.

The encoder
The encoder takes raw data from the keyboard and translates it

into something useful-ASCII, custom data, control signals, etc.
And there are lots of waysto build one.You can do it w ith gates,
butthat buysyou a lot of complexity atthe cost of flexibi lity ROM is
a much better w~ to go. It only takes one chip and the w hole
configuration of the keyboard can be changed by switching mem­
ory Unlessyou've got a lot of money, the best memories to use are
EPROM's. They're cheap, easyto program, and erasable.

InFig. 6 you can seehow an EPROM would be connected to the
circuitswe 'veput together. Since Chip Enable (pin18), and Output
Enable (p in20),areboth held low,aunique addresson the address
lines (the inputs), wi ll result in programmed data at the outputs.
And the datayou put in the EPROM iswhatever you want for your

particularapplication. It can be discrete code, or, if youadd abit of
clocking, who le strings of data.

Now that we know how keyboards work, what about those
keyboards that are avai lab le on the surp lus market? There are
different types-some are ASCII encoded, some are oddball en­
coded, and someare not encoded at all.The datacan comeout of
the keyboard in either parallel or serial form. You can convert
between paralleland serialw ithonlyashift registerand aclock.The
circuit of Fig. 7-awi ll convert from serial to parallel, and the circuit
of Fig. 7-b w ill go the otherway You can build a small clockcircuit
or steal some pulses from the keyboard you're converting.

One lastpoint:Althoughwe've built ourkeyboards w ith discrete
Ks , there arelots of I('saround thatdo all the workfor you.All you
do is connect the switches and add a handful of parts. Most
commercial keyboards w ill use either this approach or do the
who le job w ith something like an 8048 and some software. A
gates-only design is a good compromise between cost and com­
plexity The important point is that no matter how the keyboard
works, it has to have the three basic parts we covered. • (1).

c...
C

~

77



R..E ROBOT

continued from page 46

The byte-wide input and output ports
can also be tested. The following word
tests the output latch .

: TEST2 BEGIN 0 150 PC! FF 150 PC!

?TERMINAL UNTIL ;

The parallel input port can be tested
with the following test word . Four lines

are available to you at PLI :

: TESn BEGIN 120 PC@ 10 / . CR

?TERMINAL UNTIL ;

Execute TEST3 and then short some of
the inputs to ground . As you short each
input, you should see the display on the
screen change .

Expansion
The robot can be expanded in various

ways. If your expansion project requires
full use of the RPC , simply couple your

circuits to the RPC bus. To interface the
circuit ry, you need only duplicate the
wait-state generator and the bus-buffer in­
terface described in Part 6 (May, 1987).
Select a block of I/O space between 0100H
and E000H and start designing.

If your circuit is simple arid needs only
one or two I/O locations connect it di­
rectly to the RERBUS, PL3. Address de­
coding is accompl ished with a single
integrated circuit and no bus drivers are
needed . For simple digital inputs, digital
outputs, and analog inputs, connect the
circuit directly to the user connector, PLI .

Operation
Now that we have our electronics in

place, it is time to consider the software
required to make it all work .

The software commands to be sent to
the motor control circuits should follow
this sequence:
• Set up timer 0 of each 8253 (left and
right wheel control) for mode 3 operation .
We write control word 36H to register 3.
• Write a frequency representing a slow
speed into timer 0. We write 0200H to
register 0.
• Close the forward or reverse relay.
Write I to location 0l20H .
• Now enable the PLL. Write I to loca­
tion 0124H.

Notice that the relays are closed before
the circuit is enabled. That prevents arc­
ing when the contacts close or open.

All those functions are programmed
using RCL (Robotic Control Language), a
sophisticated language that is imple­
mented in Forth. The RCL lets us control
the robot's motions and functions using
simple commands. Further, because Forth
is extensible , RCL is extensible . That
means that any code we write becomes
part of the language .

That last feature is especially valuable.
For instance, to control circuits connected
to the RERBUS we have to change the
way in which the byte store and byte fetch
words operate-it's like writing new
PEEK and POKE words in BASIC.

Forth's extensibility allows us to create
two new words, PCX! and PCX@, that
we can use to access the RERBUS . Those
words will operate just like PC! and PC@
but they'll do all of the data manipulation
required by the RERBUS . The computer
code used to create those words is shown
in Table 2.

Notice that we have documented our
code with comments to allow you to deter­
mine how it operates in case something
goes wrong or you want to change it. The
commen t immedia tely after the word
being defined is a standard Forth-notation
comment showing the effect of the word
on the stack . For example , PC@pops one
argument off the stack (the address) and
pushes one argument on the stack (the
data), Next time, we will examine the
RCL in greater depth . R-E

$245

$169

F·10oo
1GHz

F·1oo
100MHz

BREADBOARD

ModeI U· ·· .. · -
9436 • • •- .---

Shown :: :::: ::

9430 1,100 pin s $15
9434 2,170 pins $25
9436 2,860 pins $35

50MHz LOGIC PROBE
20 nsec with memory
Lp·700

~
/

/ ,/ $23

t~~~Ulsar $23

......

Model
5·3000

$148
Model

LC·1800
Measures:
Inductors,
Capacitors,
Resistors

35MHz DUAL TRACE OSCILLOSCOPE

$498 .MO·1252

.. -. .

• 10MHz DC or AC
• Triggered Sweep
• Calibrat ed Vert & Hor
• Reads Volts & Freq

MULTI·FUNCTION COUNTERS

Frequency, Period, Totalize , Self Check with High·
Stabi lized Crysta l Oven Oscillator, 8 Digit LED Display

DIGITAL LCR METER

10MHz OSCILLOSCOPE

$199

--TWO
100MHz

SWITCHABLE
PROBES

INCLUDED

$219

MULTIMETER with TRUE RMS 4'" rrJDI 0 CAPACITANCE AND

i
Auto Ranging

TRANSISTOR - DIGIT MULTIMETER plus
TESTER Modal --.J Manual Ranging

M·7ooo 3'" Digit Meter
Model $65 ' . $135 28 Functions

CM·1500 . ri Fully protected

Reads Volt s, Ohms, .05% DC Accuracy
Current, Capacitors, .1% Resistance ~. ~ ., } M·1180 .7% Acy $36.95
Transistors & with Freq. Counter ----", M·1182 .25% Acy $39.95
Diodes & Deluxe Case M·1181 .1% Acy $42.95

DIGITAL TRIPLE POWER SUPPLY
Model
XP·765

$195
0·20V @ 1A
0·20V @ 1A

5V @ 5A

GF·8016 FUNCTION GENERATOR
with Freq. Counter.,

20MHz DUAL TRACE OSCILLOSCOPE

$349 MO·1251

C&S SALES INC., 8744 W. North Ter., Niles, IL 60648a!C III 15 DAY MONEY
800-292·7711 (312) 459·9040 ASK FOR CATALOG L BACK GUARANTEE

2 Year Limited Guarantee! Add 5% for Postage ($10 max), IL Res., 7% Tax
CIRCLE 109 ON FREE INFORMATION CARD

Top qual it y scopes at a very reasonable price . Contains all the desired features. Elenco 's 2 year guarantee
assures you of continuous service . Two 1 x , 10 x probes , diagrams and manual inc luded. Write for specs .

DIGITAL 3 AMP POWER SUPPLY
Model
XP·750

$165
0'40V @ 1.5A
0·20V @ 3A

Fully regulated, short circuit prote cted current
limi t control
XP·650 with Analog Matars $119.50

Full y Regulated, Short Circuit Protected with 2
Limit ConI. 3 Separate Supplies
XP·660 with Analog Meters $149.50

-.w..e... . Sine, Square, Triangle
- ............._] • PUlse, Ramp, .2 to 2MHz

• Frequency .1 thru 10MHz

GF·8015 without Freq. Meter $189
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Note: The pattern for the display board of
the tachometer will be presented next
month along with the robot control board
patterns.

c....
Cc;:

THE SPEEDOMETER'S DISPLAY
BOARD. It is connected to the main
board using 35 jum per wires.

THE COMPONENT SIDE of th e
speedometer's main board. When
mounti ng components, be sure to
solder all leads completely.
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DRAWING BOARD

continued from page 29

Timing is important
As you can see, the sequence

and tim ing of those steps have to
be done properly if yo u want the
system to work . And all that we 've
bee n talk ing about so far is the
refresh operation . Somewhere in
t here we have to allow fo r the time
need ed fo r data to be stored to , or
read fro m, the memory. After all,
t hat 's the w ho le reaso n for buil d­
ing th e system in t he first p lace.

The interact ion between all the
co mpo ne nts of a dynamic memory
system has to be ca reful ly con­
tro lled .in order-for-the-c ircu it to
work properly. Refresh has to be
co nsta nt, and mem o ry access has
to be kept to a short operat io n that
won't in terf ere with main tain ing
t he data . Since a gates-o n ly solu­
t io n to the pro bl em is so complex
as to be impractica l, it's obvio us
we have to look elsewhere for a
way to handle all t he prob lems .

Alt houg h we can use LSI con ­
tro llers, t hey are expe ns ive and
hard to locate. The ro ute we're
goi ng to fol low shoul d already
have crossed yo u r m ind . Since
we' re putting together a co mplex
system in w hich t im ing and access
are t he majo r prob lems, we can
use a m icroprocesso r to hand le
t he job.

NEW PRODUCTS

continued from page 25

O PTICAL FIBER TOO L SET, model
06808/ is des igned for preparing
sing le-mode and mult imode op­
t ical f ibers and cables.

The too l set cons ists of Kevlar­
Strip tool-a hand too l des igned
to remove any lengt h of Kevlar-re­
inforced protect ive sleevi ng be­
tween 2.5mm and 6.5mm diame­
ter ; sleeve gu ides to ensure
correct positioning of the sheath
(the guides are selected accordi ng
to t he sheath diam eter); Opti­
Strip too l-des igned to re move
seco ndary coatings from optical fi ­
bers an d smal l cab les less than
2.5mm in diameter; guide bush­
ings; Sil icon -Strip tool- used for

Microprocessor control
The Z-80 is the perfect CPU for

th e job. It has many memory-con ­
trol signals as we ll as bui lt-in cir­
cuitry espec ia lly desi gned for
cont ro lling dynamic RAM . An in­
terna l refres h counter wi ll auto­
matica l ly p rovide the sequential
addressing we need to take care of
refresh, and the add ress is put on
the bottom of the address bus dur­
ing the tai l end of each op code
fetch .

The beauty of that scheme is that
the Z-80 doesn't have any need for
the add ress bus once it's loaded
the op code. Du ring portions of
the instruct io n cycle the mem ory
is id le. That gives us t he ti me we
need to use the address to refresh
the RAM. Since the Z-80 is busy
elsewhere d uri ng that t ime, i t
doesn't have to slow down or wait
for the ref resh operation to be car­
ried o ut.

W he n we pick t his up again next
ti me, we' l l start des ign ing t he cir­
cuitry that is needed to hand le the
system shown in Fig . 1, and we'll
show how to calcu late the system
speed, t im ing parameters, and so
on . So p ullout your Z-80 data
books; yo u' ll be needing them be­
cause we' ll be poking aro und the
Z-80 anatomy.

Fin all y, next time I' ll be an­
nou nci ng t he free -subscr iption
w inners of the DTMF remote con­
trol system contest. R-E

CIRCLE 37 ON FREE INFOR MATION CARD

fast removal of si lico ne coat ings;
cutte rs, and screwdrivers .

The model 06808 costs $157.25.
- D av ie Tech, Inc ., 2-05 Banta
Place, Fair Lawn, NJ 07410. R-E

CIRCLE 108 ON FREE INFOR MATIO N CARD

Being a certified electronics techni­
cian let s peopl e know t hat you are
a pro fession al in your field . It te lls
t hem that you are serious about your
work and can perf or m up to CET
sta nda rds.

Now you can or de r t he "Stu dy
Guide for t he Associa te -Level CET
Test" from t he Internat ional Socie ty
of Certified Elect ron ics Technicians.
It includes material covering t he
most oft en missed qu estions on the
Associate CET exam . SY." x t l " ,
paperback, 60 pages.

For More In fo rm at ion Co ntact :

ISCET. 2708 W. Berry . Fort Worth. TX
76109 ; (817) 921-9101

NAME _

ADDRESS _

CI T Y STATE

Z IP _

cop ies @ $5 (+ $1 postage.)

--send mat er ial about ISCET
and becom in g certified .
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SCRAMBLINC

continued from page 6/

ventional TV receiver, it is , for all intents
and purposes, scrambled. To actually
scramble the signal we must rearrange the
bits and bytes that represent the audio. For
example , we could scramble the audio by
encod ing the data bits themselves-the 16
audio bits in each horizontal blanking in­
terval . That could be done by adding a
rando m set of digital numbers to the bin­
ary numbers that represent the audio sig­
nal. Or, we could use matrix encoding to
generate a non-related encodin g of each
binary number. For example , binary 63
might be transformed to binary 35 , while
binary 94 is transformed to binary 181,
etc . For 256 words (a lo-bit system) there
are_256 ! possible.combinations._(256 !
represents 256 factorial , which means:
256! = [256 x 255 x 254 . .. x 2 x I].

The algorithm used in Yideocipher If is
the NBS Data Encryption Standard . In
that method, the data is encoded using a
64-bit algor ithm (eight of which are used
for parity checking), leaving 256 possib le
combinations for a de-encryption key. 256

is a rather large number-about 72 thou­
sand million million (72 quadrillion). Un­
less the corre ct key is known , it is
therefore essentially impossible to decode
the audio .
In review

Over the last year or so , we've high­
lighted a number of scrambling and de­
scrambling topic s. For those newcomers
who have picked up the series in mid­
stream , here 's a review of those topics,
and when they appeared:

In the June , 1987 issue we looked at the
basic structure of a video signal and some
of the simpler scrambling techniques,
such as inverting the video and suppress­
ing the sync. Also discuss ed were the
ways in which audio signals are hidden.

In July we discussed a hypothetical dig­
ital video-sc rambling system.

In the August issue we showed some of
the basic circuit ry used in POPULAR
scram bling systems such as in-band gated
sync and SSAVI. Those circuits included
several different variable-attenuators and
variable-gai n amps. We also showed
so me rudimentary but work ab le de­
scramblers including one built around a
Phase Locked Loop (PLL) that was used
to recover a suppressed sync pulse.

In September we looked at PLL's in
greater depth, and briefly discussed sine­
wave, SSAVI, and outband decoding. The
SSAVI syste m was discussed in greater
depth in November. I

In December we moved from the the­
oretical to the practical by present ing a
functional sincwave descrambler for ex­
perimenters. In January and March , 1987
we did the same for those interested in the

in-band gated sync and the outban d
scrambling systems.

To make getting the parts easier, North
Country Radio (P.O. Box 53, Wykagyl
Stati on , New Ro ch elle , NY 10804)
provided kits of parts, including PC
boards. The following are still available.

• Pulse Decoder: Item PD-I : PC board
plus all components on the PC board .
$54 .95 + $2.50 shipping and handl ing .
• Outband Decoder: Item OB-I: PC
board plus all components on the PC
board. $34 .95 + $2.50 to cover shipping
and handling .
• Sinewave Decoder: Item SW-I : PC
board plus all components on the PC
board including C13, C14, C15, CRl, and
R17 necessary for the interface box.
$52 .95 + $2 .50 postage and handling .
• All three items , PD-I, 0 B-1, and
SW-I , $129.95 + $3.50 shipping and
handl ing.

New York State residents please add the
appropri ate sales tax.

Finally, the authors of this series have
written a book on the topic entitled Video
Scramb ling and Descrambling for Satel ­
lite and Cable TV . It is published by
Howard W. Sams and can be purchased at
most local bookstores and electronics dis­
tributors . It can also be purchased direct
from the publisher (ask for book number
22499). It retails for $19.95. R·E

Try the....-

EleDI......
bulletin board

system

(RE-BBS)
516-293-2283

The moreyouuseit the
more useful it becomes.

We support 300and 1200
baud operation.

Parameters: 8N1 (8 data
bits, no parity, 1 stopbit) or
7E1 (7 data bits, even parity,
1stopbit).

Add yourself to our userliles
to increase youraccess.

Communicate with otherR-E
readers.

Leave your comments onR-E
with the SYSOP.

RE-BBS
516-293-2283

DICITAL SPEEDOMETER

continued fro m page 5/

voltage at the appropriate pins of each IC.
After debugging any problems, apply a
test signal to the speedometer. Connect a
sinewave generator to PI and apply a one­
volt peak -to-peak signal. For test pur­
poses, set SI so that the first three switch­
es are off, the next three are on , and the
last two are off (00011100). Also, set the
generator's frequenc y to 138 Hz. If every­
thing is working correctly, the seven-seg­
ment LED' s should display a value of 60 ,
and at least some of the discrete LED's
shou ld be lit.

Insta llation
The most difficult part of construction

is installing the speedometer in an auto­
mobile. The two main tasks are installing
the PC-board assembly and installing the
magnetic sensor and magnets .

To install the boards , first choose a suit­
able mount ing location for the unit , one
that provides a good view of the device ,
but does not obstruct the driver's field of
vision . After choosing your mounting lo­
cation, prepare it to receive the speed­
ometer. Whether you are building a
custom enclosure or planning to install
the assembly in the dash , use a front panel
that will both protect the display and make
it readab le in bright sunlight.

Smoked Plexiglass makes an excellent
front panel, especially if it is lettered and
masked. Masking is accomplished by
painting the area not occupied by displays
or LED 's, The easiest method is to mask
all areas that are occupied by displays and
LED's on the back side of the front panel
and then paint the back side of the panel
with black spray paint. Apply several
coats to ensure a uniform covering, After
the paint dries, peel off the masking tape
and install the front panel.

The next step is to secure the magnets to
the driveshaft (or output shaft) and mount
the pick-up coil to the body or chassis of
the automobile . To do that , you'll proba­
bly have to drive your car up on ramps . If
you do not have a set of ramps, borrow or
buy a set. Never get under a car that is
supported only by jacks . It' s also a good
idea not to work under a car alone .

After raising the car, find a suitable
location for mounting the magnets , On
rear-wheel-dri ve vehicles, ' the best loca­
tion is at the front of the driveshaft, near
the transmission. At that place the drive­
shaft has the least vertical movement , so
the magnets will maintain a constant dis­
tance from the pick-up coil. To mount the
magnets, locate them around the driv­
eshaft at 90° intervals and secure them in
some way. The magnets we used in our
prototype come with a strap that sim­
plifies installation; you can purchase the
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APPLIANCE REPAIR HANDBOOKS-13
vo lumes by se rv ice ex perts; easy -to­
understand diagrams, illustrations. For major
appliances (air conditioners, refrigerators,
washers , dryers , microwaves, etc.), elec.
hous ewares, personal-care appliances.
Basics of solid state, setting up shop, test
instruments. $2.65 to $5.90 each. Free
brochure. APPLIANCE SERVICE, PO Box
789, Lombard, IL 60148. 1-(312) 932-9550.

CIRCLE 84 ON FREE INFORMATION CARD

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 ., Farm ingdale , NY
11735.

• 6 x rate $745.00 per each insertion.
• Reaches 239,312 readers.
• Fast reader service cycle.
• Short lead time for the placement of

ads.
• We typeset and layout the ad at no

additional charge.

CALL NOW
AND

RESERVE
YOUR SPACE

BUILD STEVE CIARCIA 'S INTELLIGENT
SERIAL EPROM PROGRAMMER.• Use
Standalone or with Computer/Term inal ;
• Programs Standard or Fast Algorithm
Mode; • Menu Selectable, No Configuration
Jumpers ; • Program s All 5V 27 XXX
EPROMs from 2716 to 27512. Includes
CMOS and 12.5V Vpp; • Read, Copy, Verify
after Write; • Intel Hex File Upload/Down­
load. Full Programmer Kit $199.00, Power
Supply add $19.00. S&H $5 in USA. CCI, 4
Park St., Suite 12, Vernon, CT 06066. (203)
875-2751.

CIRCLE 205 ON FREE INFORMATION CARD

LOOKSOUND FM SUNGLASSES. Super
durable sunglasses with that great look. Each
one has a state of the art micro FM radio built
right in. Great for jogging, bicycling, boating,
sports events, etc. $39.95 plus $3.00 ship­
ping and handling . Visa, mastercard, and
cod. 1-800-522-2636 for orders . (617)
843-1900 for information. CAMEO ENTER­
PRISES INC. P.O. Box 63 Accord, MA
02018

CIRCLE 89 ON FREE INFORMATION CARD

SIMPLYSNAP 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 70-130MHZ. Use
with any FM radio. Complete kit $29.95 +
$1.50S + H. Free shipping on z or morel 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

- ---

PANASONIC CABLE CONVERTERS,
Wholesale and Retail. Scientific Atlanta and
Pioneer Cable Converters in stock. Pan­
asonic model 130N 68 channel converter
$79.95, Panasonic Amplified Video Control
Switch Model VCS-1 $59.95. Scientific Atlan­
ta Brand new Model # 8528 550MHZ 80
Channels Converter $89.95. Video Corrector
(MACRO, COPYGUARD , DIGITAL) EN­
HANCER $89.95. Write or call BLUE STAR
IND., 4712 AVE. N, Dept 105, Brooklyn, NY
11234. Phone 1-718-258-9495.

CIRCLE 85 ON FREE INFORMATION CARD
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Calibration
To calibrate the speedometer, first de­

cide whether you want the readout to be in
miles or kilometers per hour. The next
step can be accomplished in several ways.
You can either calculate the speed of your
driveshaft as discussed in the text box, or
you can use the trial-and-error method .

To use the trial and error method , have
a friend drive on an open stretch of high­
way, and, while watching your old speed­
o meter, tr y se tt ing S I in differ ent
positions until the speedometer displays
the correct value . Make sure your friend
watches the road and his speed while you
calibrate the speedometer! Next , have
your friend drive at the " red line" speed,
and set R34 so the first red LED lights up.

If the digital speedo meter reads er­
ratically while the vehicle is standing still,
reduce the value of R6 from 470 ohms to
330 ohms or less. That reduces input sen­
sitivity and prevents the unit from picking
up electrical noise.

After calibration is complete , it 's time
for final installation . Mount the unit in its
permanent housing, then secure and con­
ceal all cables. R-E

set at a local auto-parts store or from the
source menti oned in the Parts List.

On a front-whee l-dr ive vehicle, the
magnets can be mounted reliably to the
outer ring of the constant-velocity joint 's
dust boot near the transaxle. In that type of
installation, there should be a metal strap
on each side of the dust boot. Mount the
magnets to the strap that is located nearest
the transaxle , and secure the pick-up coil
and its metal strip. If the boot is not easily
access ible, the magnets may be mounted
directly to the output shaft or one of the
drive shafts, but be sure to place them
where the least amount of vertical move­
ment takes place.

Next mount the pick-up coil to the un­
derside of the automobile using a strip of
inch-wide metal. Of course , the length of
the strip and the locations of the mounting
holes will depend on your installation.
But you' ll probably want to bend the strip
so that the front of the mountin g coil and
its bolt are about Y2 inch from the magne­
ts. Figures 7-a-7-d indicate seve ra l
mounting sche mes for dr iveshaft and
transaxle installations.

After the magnets and pick-up coil are
installed , run the signal wires from the
pick-up coil through the fire wall to where
the PC board s are located . Use plenty of
wire ties or plastic tape. If you purchase
the pick-up coil mentioned in the Parts
List, you must replace its connector with a
Molex-style connector.

Run a power wire from the mounting
location to the fuse box and connect it to a
circuit that is active only when the igni­
tion key is in the on position. Remember
to hook the ground wire to the chassis
ground of the automobile .
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To run your own classified ad, put one word on each of the lines below and send this form along with your check to :

CLASSIFIED AD ORDER FORM

Specia l Category: $23.00

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS.
- (No refunds or cred its for typesetting er rors can be made unless you clearly print or type your

copy.) Rates ind icated are for standard style c lassified ads only. See below for additional
charges for special ads. Minimum : 15 words.

Radio-Electronics Classified Ads, 500-B Bi-County Bou levard, Farmingdale , NY 11735

PLEASE INDICATE in which category of classified advertising you wish your ad to appear. For
specia l headings, there is a su rcharge of $23 .00.
( ) Plans/Kits () Business Opportunities () For Sa le
( ) Education/ Instruction () Wanted () Satellite Television
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ZENITH, SSAVI, ready to go $100.00 plus shipping,
order C.O.D. 1-(305) 752-9202.

TV tunable notch filters, free brochure. O.K. VIDEO,
Box 63/6025, Margate, FL 33063. (305) 752-9202.

ROBOT! kits. Books and Plans! Learn to build your
own robots. Free catalogs contain hundreds of af­
fordab le robot systems. Explore the wor ld of
robotics today. Catalog: CEARGS·ROBOTS!, POB
458, Peterborough, NH 03458. (603) 924-3843.

CB Tune-up manual Volume II. Specific adjust­
ments, modifications for peaking all popular CB's.
Covers over 1300 radios. $19.95, Visa, MasterCard
to : THOMAS PUBLISHING, 127- R Westwood,
Paris, IL 61944.

FOR SALE
RESTRICTED technical inform ation: Electronic
surveillance, schematics, locksmithing, covert sci­
ences, hacking, etc. Huge select ion. Free bro­
chure MENTOR-Z, 135-53 No. Blvd., Flushing, NY
11354.

'CABLE TV~ulpment. All major brands. S(»- j
[clallzlng Iri Sclentifle Atlanta, Jerro ld, and )
:Zenlth, add-ons. Our units have worked where j
'others navefaUed. Send $3.00for catalog to K.D.!
~VIDEO, P.O. BOX 29538, MLPS, MN 55429. .
LATEST high-performance op -amps, power
mosfets. First quality. Send stamped envelope for
list. ANZA INSTRUMENT CO., Box 60907, Palo
A!to, CA 94306.

PROPAGANDA broadcast tape s! Authentic, rare
recordings of WW-il shortwave braodcasts by
"Tokyo Rose," ':Axis Sally," others. Cassette $9.95.
D·W RESEARCH, 4548 Auburn Blvd., #231-C,
Sacramento, CA 95841.

~ABLE television converter, descrambleG
;and wireless remote control video equip-,
[ment accessories catalog free. CABLE OIS-l
iTRIBUTORS UNLIMITED, 116· Main Road,!
:Washington, AR 71862.e

WHOLESALE car-radio computer telephone audio
video acessories antenna catalog (718) 897-0509
D&WR, 68-12110lh St., Flushing, NY 11375.

2 3 4 5

6 7 8 9 10

11 12 13 14 15 ($42.75)

16 ($45.60) 17 ($48.45) 18 ($51 .30) 19 ($54.15) 20 ($57.00)

21 ($59.85) 22 ($62.70) 23 ($65.55) 24 ($68.40) 25 ($7 1.25)

26 ($74.10) 27 ($76.95) 28 ($79.80) 29 ($82 .65) 30 ($85 .50)

3 1 ($88.35) 32 ($91 .10) 33 ($94.05) 34 ($96.90) 35 ($99.75)

Weaccept MasterCardand Visa for payment of orders. Ifyou wish to use yourcredit card to pay for your ad fill
in the following additional information (Sorry, no telephone orders can be accepted.):

DESCRAMBLER catalog. Special combo Jerrold
400 and SB3 $165. Descrambler kit $39.00 (assem­
bles in half hour). Much more send $1.00. MJ IN­
DUSTRY, Box 531, Bronx, NY 10461.
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TUBES! 59¢. Year guarantee. Free catalog. Tube
tester $8.95. CORNELL, 4215 University, San Di­
ego, CA 92105.

TI·99/4A software/hardware bargains. Hard-to-find
items. Huge selection. Fast service. Free catalog
DYNA, Box 690, Hicksville, NY 11801.

IS it true...Jeeps for $44 through the government?
Call for facts! 1 (312) 742-1142, ext. 4673.

OLDTIME radio programs on high quality tapes.
Comedy! Adventure! Music! Free catalog. CARL F.
FROELICH, Heritage Farm, New Freedom, PA
17349.

LINEAR PARTS-transistors : MRF 454 $15,
MRF455 $12, MRF477 $11, MRF492 $16.75 ,
MRF421 $22 .50, SRF2072 $13, SRF3662 $25,
3800 $18.75, 2SC2290 $19.75, 2SC2879 $25.
Tubes : 6KD6 $10.50, 6L06 $9.75, 6LF6 $9.75,
8950 $16.75. Best prices on Palomar road noise
mics, Ranger AR3300. New 16-iJage catalog listing
radio/amplifier tr icks-channel modificat ion, PLL­
sliders, peak ing for range, hard-to-find linear
parts-mail $1.00 to: RFPC, Box 700, San Marcos,
CA 92069. For same day parts shipment, call (619)
744-0728.

-------- - - /_- - - - -----
Please Print Name

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE
NUMBERFOROUR FILES. ADS SUBMITTEDWITHOUTTHIS INFORMATIONWILL NOTBE ACCEPTED.
CLASSIFIED COMMERCIAL RATE: (for firms or individuals offering commercial products or services),
$2.85 per word prepaid (no charge for Zip code)...MINIMUM 15 WORDS. 5% discount for same ad in 6
issues; 10% discount for same ad in 12 issues within one year; if prepaid. NON-COMMERCIAL RATE: (for
individuals who want to buy or sell a personal item) $2.30 per word, prepaid....no minimum. ONLY FIRST
WORD AND NAME set in bold caps at no extra charge. Additional bold face (not available as all caps) 50¢
per word additional (20% premium). Entire ad in boldface, add 20% premium to total price. TINT
SCREEN BEHIND ENTIRE AD: add 25% premium to total price. TINT SCREEN BEHIND ENTIRE AD
PLUS ALL BOLD FACE AD: add 45% premium to total price. EXPANDED TYPE AD: $4.30 per word
prepaid . All other items same as for STANDARDCOMMERCIAL RATE. TINT SCREEN BEHIND ENTIRE
EXPANDEDTYPE AD: add 25% premium to total price. TINT SCREEN BEHIND ENTIRE EXPANDED
TYPE AD PLUS ALL BOLD FACE AD: add 45% premium to total price. DISPLAY ADS: 1" x 2W'­
$320.00; 2" x 2W'- $640 .00 ; 3" x 2W'-$960 .00. General Information: Frequency rates and prepay­
ment discounts are available. ALL COPY SUBJECT TO PUBLISHERS APPROVAL. ADVERTISEMENTS
USING P.O. BOX ADDRESS WILL NOT BE ACCEPTED UNTIL ADVERTISER SUPPLIES PUBLISHER
WITH PERMANENT ADDRESS AND PHONE NUMBER. Copy to be in our hands on the 12th of the third
month preceding the date of the issue. (i.e., Sept. issue copy must be received by May 12th). When normal
closing date falls on Saturday, Sunday or Holiday, issue closes on preceding working day.
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ZENITH SSAVI CABLE READY (DEALER PRICE BASED ON 5 UNITS) 225.00 185.00ea.
SPECIFY CHANNEL 2 or 3 OUTPUT Other products available - Please Call

29.95 18.00ea.
24.95 14.00 ea.

Call for specifics

199.95 125.00ea.
109.95 58.00ea.

139.95 70.00 ea.
179.95 115.00ea.

109.95 58.00ea.

109.95 58.00ea.
119.95 62.00ea.

C!CI

SCIENllFIC
ATLANTA

UNITS

PLEASE PRINT

California Penal -Code #593-0 forbid s us
from shipping any cable descrambling unit
to anyone residing in the state of California.

Prices subject to change without notice.

LOWEST
PRICES

ANYWHERE!

Quantity Item Output
Channel

Price
Each

SUBTOTAL
Shipping Add
$3.00 per unit

COO & Credit
Cards - Add 5%

TOTAL

TOTAL
PRICE

______ Zip _

o Mone y Order o Visa o Mastercard

FOR OUR RECORDS:

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

c..
C

~
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ATTENT ION looking for surplus test equipment sig­
nal generator voltmete r osci lloscope. J.B. ELEC­
TRONICS, 9518 Grand, Franklin Park, IL 60131.

INTEL, RCA , Nat io nal, OKI, SGS, and more. Fac­
tory prime and surplus parts catalog. LYNBAR IN­
DUSTRIES, 205 Main, Box 822, St. Joseph, MI.
49085-0822.

TEST equipment, reconditioned. For sale. $1.25 for
catalog. WALTER'S , 2697 Nickel, San Pablo, CA
94806 . (415) 724-0587.

('VIDEO copier ($69 .95) connects between two.
VCR's (stereo) and makes copiesas good as the

\

oriQinai. For lnfoforder write or call VIDEO VIBES.
657 Allerton Ave. , Bronx. NY 10467. Tel. (212)
'653-4644.
OLD radio TV schematics. Send $1.00, make,
model.RADlO MAPS, P a Box 791, Union City, CA
94587.

PHONE RECORDER CONTROL
• Automaticallyrecords phone conversations ~

when meaiver is lifted. ~
• Interfaces your phoneto anytape recorder. .
• Meets all FCC requirements. •
• Guaranteedto work. •
Send19.95 plus 3.00 shipping & handlingto(VISA.
MASTER CHARGE,orCODlto:ELECTRONIC DEVICES,=:.~:,~:::~ ::';~.PetersbUrg , FlA. 33173.

OST's 1921-1985; some for 1917, 1919,1 920. CO's
1945-1984. Make offer includin g postage . Radio­
Electronics, '50-'64. MRS. RUTH E. SHEER, 429
Junell Drive. Sulphur Springs, TX 75482 .

B& K test equipment 25% discount selected scopes
otherwise 20% on all products authorized distributor
free cata log . CENTURY ELECTRONICS, 35 11
North Cicero, Chicago, IL 60641.

!FREEpowersupply with Assortment #103
(February '84 article. has printed circuit,
TOKO coils(4), 2N3904(2), BFQ85, 781 2,
74123, MC1330, 1N914, lN5231B. TELE·
'ASE-MAST ASSORTMENT #301 (Octobefl
Article) Printed Circuit with all Ie's, tran­
sistors, diodes. Only $25.001each assort­
,ment. Five/$112.50. Shipping $3.00. 1
(800) 821-5226 Ext. 426. (orders). or write
JIM RHODES INC., P.O. Box 3421, Bristol,
TN 37625.
TUBES, name brands, new, 80% off list. KIRBY,
298 West Carmel Drive, Carmel, IN 46032.

OSCILLOSCOPES and reconditioned test equip­
ment, Teletronix, H.P., etc . Free list. CAL-SCOPES,
9830 Ponderosa Ave., Sunnyvale, CA 94086 (408)
730-4573.

WANTED : Western Electric, Mcintosh, Marantz,
RCA, Dynaco , Alte c , Telefunken, JB L, tubes,
speakers, amplifiers, (713) 728-4343 . MAU RY,
111 22 Atwell, Houston, TX 77096.

LA SERS, components and accesso ries. free cate-,
log, M.J. NEAL COMPANY, 6672 Mallard Ct., Ori­
ent, OH 43146.

CABLE TV converters. Scientific Atlanta, Jerrold,
Oak, Zenith , Hamlin. Many others. "New" Video
Hopper "The copy killer". Visa, MfC & Amex accept­
ed. Toll free 1-(800) 826-7623. B&B INC., 10517
Upton Circle, Bloomington, MN 55431.

SATELLITE systems $349 up. VISNMC available.
Catalog $3.00. STARLlNK, INC., 2603-16R Artie,
Huntsville, AL 35805.

"BUGS" miniature transmitters, "James Bond"­
type spy gadgets. Catalog $2 .00 (refundable) CUD­
WELL, Salvisa, KY 40372-0034.

ELECTRONIC test equipment and parts. Lowest
prices. Free catalog. EF ELECTRONICS, Box 249
Aurora, IL 60507.

BUILD your own pro monitors 32 pg. 5 part man­
ual discloses design criteria utilized by major man­
ufacturers of pro monit orin g sys tems. Bluepr int s
inclu ded! $25 .00 co mplete to : BRIX ENTER ­
PRI SES INC ., 2419 Richm on d Road , S.I.N .Y.
10306.

MACROVISION eliminator video link 154. 1 year
warranty ! $69.00 C.OD .'s welcomed free info avail­
able. GMR ELECTRONICS, Box 2444, Titusville,
FL 32781. (305) 267-2741.

SCANNING disc te levis ion. Read all about it! "The
Mechanics of Television." (1987) 182 pages $20.00
postpaid. TESLA ELECTRONICS, 835 Bricken,
Warson Woods, MO 63122.

MICROCONTROLLER clock -timer MCT 200 two
programs: A.- 24 Hr. battery back-up clock with 4
time switches. B.- countdown timer with 4 outputs.
A&T $68.00, kit $48.00, manual only $2.00 . L.S.
ELECTRONIC, 2280 Cam illa Rd., Miss issa uga ,
Ontario, Canada L5A2J8.

~ WRITE FOR

L~McGEE'S
SPEAKER & ELECTRONICS CATALOG

1001 BARGAINS IN SPEAKERS
toll free 1-800-346- 2433 for ordering only.

1901 MCGEE STREET KANSAS cnv, MO. 604108

LEADER LF·945 signal level meter $425.00. (312)
771-4661.

SUPERFAST morse code supereasy. Subliminal
cassette.$10.00 amazing mnemonics: Learn Morse
Code in 1hour; 0 Signals supereasy; novice written
exam supereasy! $5.00 each. Moneyback guaran­
tee. Free catalog: SASE. BAHR, 2549-E2 Temple,
Palmbay, FL 32905 .

TUBES. new, unused. Send self-addressed,stamp­
ed envelope for list. FALA ELECTRONICS, Box
1376-2, Milwaukee, WI 53201.

CIRCLE 189 ON FREE INFORMATION CARD

PLANS AND KITS

TOP QUALITY imported , domestic kits, surplus,
discount electronics, computer components. FREE
catalog. TEKTRASONIX, 11 20 Avenue olthe Amer­
icas, 1/tl suite 4038, New York, NY 10036.

PROJECTION TV...Convert your TV te project 7
foot picture. Results comparab le to $2,500 proj­
ectors ...Total cost less than $30.00 plans and 8"
lens $21.95...lIlustrated information FREE...MAC­
ROCOMA-GK, Washingto n Cro ssing, PA 18977 .
Creditcard orders 24hrs. (215) 736-3979.

_ C "!"'-1:'! WCOPYGUARD !

Eliminate the latest Video copyguard
" DECODE A TAPE"

units from $5995 to $16995

fj) r. tr r, . 1432 :H<im~., Orang" ea. 92665
e~~e LA~etronus 14 998-6866

OABlE TVblowoutvlewstar 2501 volume, audio
>lIideo ports, decoder loop, $129.95 bUy a de­
,coder take off $10.00, Star base decoder 1
$99.00, 10$75.00,trl modelbl state 1 $100.00, 10
$15.00. MLD 12000-3 1 $99.00, 10$65.00, N42 re­
placement1 $99.00,10$61.00, betterthal'lorigi­
nal auto on offboards 1$65.00,.10$45.00. Scien­
:tlfic Atlanta decoder 1 $140.00, 10 S104.OO. PI­
oneerSOOO decoder1$140.00,10 $104.00, much
.more. Call or write for your kee catalog (402}
331-4957. AllproduCl$guaranteed90days. M.D•
ELECTRONICS, 5078 $0 . l08lh #115, Omaha, NE
68108,

TUBES: "Oldest," "latest." Parts and schematics.
SASE for list. STEINMETZ, 7519 Maplewood Ave.,
RE Hammond, IN 46324 .

BUILD this five-digit panel meter and square wave
generator including an ohms, capac itance and fre­
quency meter. Detailed instructions $2.50. BAG­
NALL ELECTRONICS, 179 May, Fairfi eld , CT
06430.

Willing workers available
now at as little as y,
your usual cost.

This is your chance
to get help you've
needed,but thought you
couldn't afford .
No business too large
or too small. Call your
private industry council
or write National
Alliance of Business,
P.O.Box 7207,
Washington, D.C. 20044

Employers

!£..parts HARDWARE AND ELECTRONICS
XP!!!~

~
COPPER CLAD RS-232DATA SWITCH
PCBOARD

~ ~
< . " ~~- : . - - i

~. . - . _- I""

I " ~ __:-

MAGNIFIERLAMP
. 4" d iopter magnifyin g lens
• Uses up 10 a 60 watt bulb (no t 9" x 8" Double Sided $150 • 2 position, rotary type. • Fully
Included ). UL listed, 117VAC 1055-300 shielded , FCC approved

$2695 18" x 12" Double Sided $395 $2795
'350-010 ..,...320 ' 130-010

PIONEER HORN TOROIDIAL
TWEETER

~
TRANSFORMER

~ ~• Frequency response: 1800 10 12" PIONEER WOOFER
15,OOOHz. • Power handling capabil· • Pow er ; 65W RMS . 11 oz . magnet
ities : 35W RMS, resonant t requ enc y • 25 to 2500 Hz respo ree e 1'll" • 120 volt primary, 2 - 2QV, SA
2 kHz. 3'11" x 3'/' ''. voice coil secondaries. • 4',f ' round . <4tbe.

127G-050 '6 50 $590 nlO-l00 ' 1550 $1395 , 12G-150 '12'" $995
(1-!i ) (1o-U P} (1-3) (4-10) (1-3) (4-uP)

FREE CATALOG
300 PIECECAPACITOR

KIT~
Ou r new 56 page catalog cont ains -.:e -y; ,
thousands of items that you need

GESi]every day for do-it-yourself • A grNt assortment of different
pro jects , product engineering, t:1J • ~~~

values and working voltages
electronics repair and more. Call us ~ll~ 1n<:ludes electrolyt ics, ceramics,

today for yo ur free copy and start I!.!:l myla,.., and more!

saving! $495........
CALL TOLL FREE I·l.day """'")' ................. .'l.... ""n"""'" I

1-800-255-3525
orc*. • COD orders acc:.pt.c1 • 24 hour IhIppIno. ~• Shipping cMtge = UPS cNrt rate ($2.50min- ( ~. .

In Ohio: HlOO-322-3525
Imum chMge). Hoursl:3Q a.m. - I p.m. EST " -F.

EEPARTS EXPRESS 1NT'lINC.
Local: (513) 222-0173 340 East First St.

'MaMrCard:

Dayton, Ohio 4S402
'----Y _/

(J)

o
Z
o
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W
...J
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HI-FI speaker systems, kits and speaker compo­
nents from the world's finest manufacturers, For be­
ginners and audiophi les , Free li terature. A&S
SPEAKERS, Box 7462, Denver, CO 80207, (303)
399-8609 .

VOICE disguisers! FM bugs! SWL active antenna!
Receivers! More! Catalog $1.00 (refundable):
XANDI ELECTRONICS, Box 25647, Dept. 60M,
Tempe, AZ85282,

' ..
19-2.7 GHz Parabolic Dish 40- dBGain

LIFETIME WARRANTY
Complete SystemSB9.95lShippingIncl.)

Replacement Components
& Expert Repairs Available

K& SELECTRON ICS Call now lor same
P.O. BOX 34522 day shipging!
PHOENIX. ta B5067 16021230· 640

For Oealer RatesCall 602-888-4080

PAC-TECenclosurespecified in Feb. '87 R-E article
on 'Iri-Mode. Pre-drilled..$24.95 plus $2.50 S&H.
VISA/MASTER CARD ac cepte d , Call (617 )
339-1026 or send to THE HOBBY HELPER, P.O.
Box 308, Bridgewater, MA. 02324.

ULTRASONIC pest repeller: Exceptional design!
Complete quality kit $25,00, assembled $30,00.
UFO DETECTING BOOK: Electronic projects, the­
ories, schematics, $6,00 (NY + 7,5%). UFONICS,
Box 18~7-R , W. Babylon, NY 11704.

WHY not build something interesting? Easily con­
structed circuit lets you use any TV as a simple
oscilloscope. No modifications to TV necessary!
Low parts count. Detailed plans $4.95 SCOPE, Box
3543, Williamsport, PA 17701.

MELODY IC, Piezo element and application sheet
only $3.00. BELL CERAMIC INDUSTRIES, INC.,
31 Passmore Avenue, Unit 28, Toronto, Ontario ,
Canada M1V4T9.

STRANGE stuff. Plans, kits, new items. Build satel­
lite dish $69.00. Descramblers, bugs, adult toys.
Informational photo package $3.00 refundable. 01­
RIJO CORPORATION, Box 212, Lowell, NC 28098.

TELEPHONE. Electronic ring generator. Schematic
$3.00. For testing or experimentation.C OMPUTEC,
141 Greenvillage, Northport, AL 35476.

SATELLITE descrambling manual, Video Cypher
II. Schematics. thorough explanation of digital audio
encod ing , EPROM code , DES. (HBO, Cinemax,
Showlime.) $10.95 + $1.00 postage. Catalog $ 1.00
CABLETRONICS, Box 30502 R, Bethesda, MD
20814.

WIRELESS remote cable converters $60.00 with
purchase of selected video kit.$50.00 boards and
parts for video and hobby projects from magazines
and other sources. SA turn on kit $40.00. Video
dechipher kit $75.00. Call or write for list and details.
WIZARD, 1-(419) 243- 7856 , 24 East Central,
Toledo, OH 43608.

INFRARED kits, complete line of engineering and
surveillance viewers, infrared light sources, infrared
filters, Send $1,00 to IRSCIENTIFIC, INC., Box 110,
Carlisle, MA 01741,

DESCRAMBLING, New secret manual. Build your
own descramblers for cable and SUbscription TV.
Instructions, sche matics for SSAVI, gated sync,
sinewave, (HBO, Cinemax, Showl ime, etc.) $8.95
+ $1.00 postage. Catalog $1,00, CABLETRONICS,
Box 30502R, Bethesda, MD 20814,

CRYSTAL radio sets, plans, parts, kits, catalog
$1.00. MIDCO, 660 Nort h Dixie Highway, Hol ­
lywood, FL 33020,

CATALOG: hobby/broadcasting/1750 meters/ham/
CB: transmitters, antennas, scramblers, bugging
devices, more! PANAXIS, Box 130-F7, Paradise,
CA 95967.

FREE catalog 99-cent kits- audio, video, TV,
computer parts. ALLKIT, 434 W. 4th St., West Islip,
NY 11795.

CABLE television converter, descrambler and,
wireless remote control videoequipment ac-;
cessorles catalog free . CABLE DIS!;
ifRIBUTORSUNLIMITED, 116-PMain Road ,
Washington, AR 71862.

EDUCATION & INSTRUCTION
F.C.C. Commercial General Radio telephone li­
cense. Electronics home study, Fast, inexpensive!
"Free" details. COMMAND, D-176, Box 2223, San
Francisco, CA 94126.

FCC commercial general radiotelephone license
correspondence course. 60 individual lessons for
$89.50. Payment plan. Results guaranteed! Details
free. AMERICAN TECHNICAL INSTITUTE, Box
201, Cedar Mountain, NC 28718.

GREAT VALUES· FAST SHIPPING ·aUANTITY DISCOUNTS
HIGH QUALITY
PRE-AMPLIFIER
WITH 10 BAND
EQUALIZER

Features: ~.
0.34" DIGITAL thermometer with Hi & Low tem per-
ature a larm function and 12 hour s c lock co mb inat i0C§'

~::~~~~~~nr:e:~~~~:'~;~8~:O 'F or ·20·C to +70·C NEW
Dimens ion s: 3.2" x0 .86 " x 2.08"

T·1 with In/ Out Door sensor $20.00
T-2 with Fahr enh eit /Celsius rneasu tinq $ 18 .00 NOT A KIT

PROFESSIONAL
COLOR LIGHT

CIRCLE 93 ON FREE INFORMATION CARD

r....
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SATELLITE TV

VIDEOCIPHER data disk , App le II and PC, dial
(011)(52) (451)42268 (Mexico), 4-10 PM. CST. for
inform ation .

PAY TV AND SATELLITE oESCRAMBlING
NOW 120 PAGESI

CBC INTERNATIONAL, P.O. BOX 31500R .
PHOENIX. AZ 85046

NOTCH filters for any channel. Send $15.00 for
samp le unit. Specify output channel of converte r.
Money back guarantee. DB ELECTRONICS, P.O.
Box 8644, Pembroke Pines, FL 33084.

SCIENTIFIC ATLANTA & SB-3
SCIENTIFIC Atlanta cable conve rte rs (original
units), mo dels- 8500 and 8550, rem ote con -
trol. ..$240.00. SB -3's...$74 .00. TRi·Bi's $95.00.
SBSA-3 's ...$99.00. Zenith (Tag-ons) $159. 00.
Jerrold-450 converters ...$95.00. Dealer discount
on (5) units. Call N.A .S., (213) 631-3552.

NOTCH FILTERS

We specialize in a wide variety of technical infor­
mation , part s and serv ices for CB radios . 10M­
FM conversions , repa irs, boo ks, plan s, kits,
high-performance accessories. Our 11th year!
Cata log $2.

Theoryand working schematics. 13 cable and 7 satellite systems.
lumens, detection, countermeasures $14.95. 20 Page Supplement
Q!!!:t: $8.95. Experiments With Vldeoclpher fumcns. cloOing pro­
cedures. S12.95 Cable TV DeSign. secunty systems. $12.95 MOS!
MMOS Handbook ForMicrowave Hackers $9.95. Build Satellite Sys­
tems UnderS600 S12.95. Any3/S26Summer catalog $1.

Shojiki Electronics Corp. 1327ANiagara St.,
Niagara Falls , NY14303. Coo's 716·284-2163

THE Positrap Cookbook: bui ld 50-60d B notch fil·
ters for pennies. Con str uction, allig nment, fixe d,
tunable , tr ima ble . Comprehe ns ive Cable TV
scrambling and descrambling theory and prac­
tice. Identify ing various systems. $9.95 CLEAR­
VIEW CABLE COMPANY, P.O. Box 207, Sterling
Heights, MI 48311.

TV sa les & repair shop, Cape Coral, FL, exclusive
Sylvania sales and service, 16 years same location,
tota l price $85,000. Unbeli evable net, ca ll John
Thompson, Realtor-Associate, CENTURY 21 AAIM
REALTY GROUP, INC. , O ut - o f -Fl ori d a
1-800-237-3342, in Florida (813) 33 7-1121.

BUV direct from Taiwan, Singapore, and Hong
Kong! send SASE fo r details . BUY DIRECT, 51
SW 69th Avenue, Miami, FL 33144-2809.

ELECT RON IC
ASSEM BLY BUSINESS

BIG
PROFIT

MICRO-Electronic manufacturing business or indi­
vidual engineer /hobbyist for help in design and/or
produc tion of receiver wr ite OEO, 4218-Bunker Hill,
Bettendorf, IA 52722, (319) 355-2927.

Start home. spare time. Investment knowledge or
experience unnecessary. BIG DEMAND assern­
bling electronic devices. Sales handled by protes­
sionats. Unusual business opportunity.

FREE: Comp lete illustrated literature
BARTA, RE·O Box 248

Walnut Creek. Calif.94597

WANTED

INVENTORS! Can you patent and profit from your
idea ? Call AMERICAN INVENTORS CORPORA­
TION for free information. Over a decade of serv ice.
1-(800) 338-5656. In Massachu setts or Canada call
(413) 568-3753.

ShiPPIng S2 so.Send chec.k~add S250COO (Cash. cCttl~cd chcckaMtJ
on COO) No credi t card, tams, PO·s. N Y. add 8"'L tax

TRVO deelersreceive510.00rebete towllfds 1st
purchase of PItOlIC plus discounts worth more then

550.00 on soldeting equipmentend accessories.
TESTRON, Inc .,
dept Ill , 18-4 Jericho TurnpIke, Floral p~ N,Y. 1'001
800-221·1002 ext 301 2'1.-s.- 7 cloys (i n NY) 516-358·9.,.

NEWIIINSTALLATION and REPAIR
of VldcoClphc~ iOOO and i100

The'OnlyVCR lrstructiooel Vidro Pr09f.m
Dernonstreting.

Normal & Speci.llnst. lIl1lion • Setting Exter",,1
Controls. PrefOfmingInter",,1 Adjustments
• Determingand Repairing CommonBo.Yd

Problems. ReplacingP<YlS Covered by Epoxy
• StlIlic PrecllUlions& Special SolderingTechniques.

Using PItOlIC; the electronic testdevice for
the professiooel TYRO dealer

Everythingyou've wanted to know shown

VodooC,:g.~.;!'~.~~.e~~~~Pa_

INVENTORS

WANTED surplus inventories of ICs, transistors etc.
No quant ity too small or large. Call WESTERN
TECHNOLOGY, (303 ) 444 -4403 . FA X (3 03)
444-44 73 .

INVENTORS! AIM wants-ideas, invent ions, new
produ cts , improvements on existing products. We
prese nt ideas to manufacturers. Conf identiality
guarant eed . Call toll free 1-(800) 225-5800 for infor­
mation kit.

INVENTIONS, ideas, new products wanted! Indus­
tr y presentati on /n at ion al ex pos it ion. Call fre e
1-(800) 528-6050. Can ad a, 1-(800) 528- 60 60 .
X831.

Cable TV Converters
Why Pay A High Monthly Fee?

I ~ IJe 0 d od
Tri-Mode," SB-3, Hamlin , Oak VN-12 ,
M-35-B; Zenith, Magnavox, Scientific
Atlanta, and more . (Quantity dis­
counts) 60 day warranty. For fast ser­
vice C.O.D. orders accepted . Send
SASE (60 cents postage) orcall for info
(312) 658-5320. Midwest Electronics,
Inc.!, HIGGINS ELECTRONICS, 5143-R
W. Diversey, Ch icago, IL 60639. MCI
Visa orders accepted . No Illinois orders
accepted . Mon.-Fri.-9A.M.-6P.M.CST

DESCRAMBLER build our low cost sate llite TV
video only descrambler for all major movies and
spo rts. Uses all Radio Shack parts. Or der P.C.
board and instruct ions by sending cheque, money
order, or Visa for $35.00 U.S. funds to: VALLEY
MICROWAVE ELECTRONICS, Bear River, Nova
Scotia, Canada , BOS-180. (902) 467-3577.

12-channelsystem S99.95 (plusshipping)
2-channel system S79.95 (plusshipping)

40dB Gain1.9 to 2.7 Ghz
Dealerships. aty.Pric in g. Repl acement Part s

Phllllps·Tech Electronics
I!D. Box 8533 • kottsdaIlI. AI 85252

LIFETIME (602) 947-7700 ISJ.OOCredit.llphon, ord",11
WARRANTY MasterCard· Visa. COO',

SATELLITE TV receiver kits! Instructions! Sche­
matics ! Catalog $1.00 (refunda ble) : XANDI ELEC­
TRONICS, Box 25647 , Dept. 21P, Tem pe , AZ
85282.

10 1/2ft satell ite syste m, remote controlled, tracker,
and descrambler with 1 yr free subscription to 20
channels. $14.95 plus UPS. Visa or Master Card
accep ted. 1-(602) 378 -6275.

CABLE TV Secrets-the outlaw publicatio n the ca­
ble companies tried to ban . HBO, Movie Channel,
Showt ime, descramblers , conver ters , etc . Sup­
pliers list included $8.95. CABLE FACTS , Box 711­
R, Pataskala, OH 43062.

VIDEOCIPHER turn ons , byp asses, sche matics.
Complete information . Orde r now. Only $20.00.
GILMORE, Route 3, Old Town, FL 32680 .

CABLE converters com parable with all systems.
Guaranteed lowest prices, imm ediate delivery, ca ll
now!!! (516) 795-0643.

CONSULTING SERVICES
DIGITEK turns your ideas into hardware. Design
and/or prototyping. Send SASE for free feasib ility
and cost analysis. No job too small . DIGITEK, Box
195 Levittown , PA 19059 . (215) 949-2 260 .

BUSINESS OPPORTUNITIES
MECHANICALLY incline d ind ividuals desir ing
ownersh ip of small electronics manufacturing busi­
ness-without investment. Wr ite : BUSINESSES,
92- R, Brighton 11th, Brooklyn, NY 11235.

PROJECTION TV...Make $$$ 's assembling proj­
ectors...easy...results comparable to $2,500 proj­
ecto rs. Total cost less than $30.00. PLANS, 8"
LENS and dealers info rmation $20.50. Illustrated
information free. MACROCOMA-GKX, Washington
Crossing, PA 18977. Creditca rd orde rs 24h rs. (215)
736-2880 .

DO IT YOURSELF TV REPAIRS
NEW... REPAIR ANY TV... EASY. Retired ser­
viceman reveals secrets. Write RESEARCH, Rt. 3,
Box 601B, Colville, WA 99114.

CABLETVDESCRAMBLERS
CABLE television converter, descrambler
and wireless remote control video equip­
'menl accessoriescatalog free. CABLE DIS·
iTRIBUTORSUNLIMITED, 116-CMain Road,
'Washington, AR 71862.
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COMPUTERS
TANDY comput ers! MSDOS , IBM, compatible. Dis­
count prices! For quote or purc hase call 1-800-36­
SHACK. EDGEWOOD COMPUTER CENTER.

DESCRAMBLER MODULE
COMPLETE cab le-Tv decoder in a minl- rnodu le.
Latest technology upgrade for Jerro ld SB-3 or Ra­
dio-Electroni cs Feb . 1984 project. Availab le at very­
low cost. For literature, SOUTHTECH DISTRIBUT­
ING. 1-(800)-821-5226 ext. 130.

EASY, lucrative. One man CRT rebuilding machin­
ery. Free info: (815) 459 -0666 CRT, 1909 Louise,
Crysta lake, IL 60014.

YOUR own radio station! AM, FM, cable . Licensed
or unl icensed . BROADCASTING, Box 130-F 7, Par­
adise , CA 9596 7.

CRT equip ment rebu ilds Sony /co lor tub es/oth er.
CRT SYSTEMS, 633 North Semoran , Orlando, FL
32807. Call (305) 275-9543.

PERSONAL computer owners can earn $1000 to
$5000 mont hly offering simple service s part time.
Free list of 100 services. Write: C.I.L.G.B ., P.O. Box
60369, San Diego, CA 92106-8369 .

IBM-PC SOFTWARE
COMPDE$-{:omputer-aided circu it design , selec­
tions from basic electricity to circuit designs. Very
educational. $49.95 (614) 491-0832. ESOFT SOFT­
WARE , 444 Colton Road, Co lumbus, OH 43207.

iTHlS IS AN EXPANDED TYPE AD. Notice
how it stands outonthis page. To getYOUt
adsetinthistype style mark your classified
'ad order, "Expanded-type ad." and calcu­
lateyour cost at $3.75 perword.
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'Nhat's New at
AMERICAN DESIGN COMPONENTS?

"The Source" of the
electro-mechanical components
for the hobbyist.

c...
C
~

5 % " 1/2 HT.
DISK
DRIVE

~-, ••,'i
} \1"• • 1 n

,.O r;.. 4 .. :::

DOS 3 .2 Compatible
96 TPI , DS/QUAD DENSITY
Tandon TM55-4 DS/Quad

Item ' 1904 $79.00

Binary out put : 12 bit; Conversion
time: 8 ms. Linearity : 8 ms. ± %
lbs. Parallel and series outputs: in­
ternal reference.
Ml r - Datel ADC-HZ-128GC
Item #705 2 IRFE,tested good!)

Originally~

Special - $39.95

MICROCOMPUTER
with EPROM
MC68701 is an 8·bit single chip
unit & significantly enhances the
capabilities of the M6800 family.
Includes an upgraded MC-6800
mic roprocesso r. Functions as a
monolythic microcomputer or can
be expandedto a 64K byte address
space. TIL camp. Req.: 1 + 5V
power supply fo r nonprogramm ing
operat ion. On chip resources:
2048 bytes of eprom, 128 bytes
RAM. 'SCSI.' parallel, I/O &
3· functio n prog rammable ti mer.

Item ' 9496 $ 9.95 (house'I

Nu mber

Name

Telephone: Area Code

Touch­
tone to

rotary (may
be used even

w here there
is only a

rotary phone).
Features: last
number redial

& mute button. Comes w/1S" cord
& standard modular plug.

Color: Ivory. Mfr - Spect ra-phone,
Model OP-1.ltem ' 10748

$8.95; 2 lo r $15 .00 New

190W AUXILLIARY DISK
DRIVE POWER SUPPLY

Input: 115V
Output: + 12V@4.13A } x 3

+ 5.1V @ 3.04A
(Requires SV from primary power
supply to tu rn on. 3 sets of dual out ­
puts fo r simult . operat ion of 3 drives .
Designed fo r the AT& T computer.
Mfr - Todd Products
Dim. : 11" W x 4 Y," H x 7" deep
Item ' 10006 $59.95 New

Other uses-runs CB & csr reatos.
Comes ffHldy to plug in !
DC Output: - 5V @ .5 amp.

+ 5V @ 3 amp.
+ 12V @ 6 amp.

Input 115V/60H. Dim.: 9 Y."W x
3* " H. IRuboer ft . Incl.)

Item ' 950 1 $24.95 New

COMPUTER GRADE
POWER SUPPLY

50 /60Hz .;
12W . Low noise
leve l fans, can be
mount ed for blowing or exhaust .
1 • Thin: contains 9 plastic blades
Dim. : 3 '10" sq. x 1" deep
Mfr - Tobishi ' U920 18
Item ' 10960 $7.95 New
1 y, ' Standard: contains 7
metal blades .
Ml r - Rotron ' SU2A 1

Item ' 5970 $7.95 New

48/96 TPI
IIBM!!> Compatible)
Double sided, single/double
density; 80 t rack.
Mlr - Panasonic ' JU-47 5

Item ' 10005 $129.00 New

115 VAC
27 CFM
MINI
FANS

5% ",1 .2 Mb. AT
HALF HT. DISK DRIVE

-----'1- - - --'--- --- - -'-- --::----:--+-- -1
Total

Shipping & handling, we ship UPS unless
otherwise specified. Add $3 plus 10% total. :..;A:::dd"'r:::es:.:se- _

f:Rcc Canadian: $3 plus P.O. cost . Charge only. City
~4"'4Lo7987 Sales Tax IN,J . residents only, ='-------- --------- ---

IIItlth e Ve G Sent please add 6% of tot al) State Zip

ry O'de,. ORDERTOTAL All inquiries end free C8t8/0g reques ts c81120 1-9 39-271 0 .

For aI/ phone orders, cal/TOLL-FREE 800-524-0809. In New Jersey, 201-939-2710.

Exp. Date

Contains 10 full-length expan-
sion slots (w /gu ides) . W ith room 1S" , green phosphor, high reso-
lor an internal 5y.' hard disk 12 VDC/ l l0 VAC Iw/bui!t-in lution 112 lines center) and band-
drive. Has 3 hall-height disk drive power supply). Green phosphor. widt h Irom 10Hz to 30Hz ± 3dB.
slots . Rearon/off switch, notched Commodore VIC 20 CPU board & Mtd . in metal housing. Schemat ic Operating volt .: 120 /2 40 VAC,
to hold in power supply (not mech anical ke yboard . Guara nteed supplied. SO/60Hz. , 6SVA max.
incl.I , and security switch w /key . not to work. IFor parts only.) Mlr - Capetronlc ' DS-l 030 Mfr - Moto rola - Alpha Series

Item ' 12266 $49.95 New Item ' 12 144 $14.95 RFE Item ' 6811 $19.95 New Item ' 10044 $34.95 New

AMERICAN DESIGN COMPONENTS, 62 JOSEPH STREET , MOONACHIE, N .J . 07074 MINIMUM

YES! Pl ease s e n d me the f o ll o w in g item s: 0 My c hec k or money order is enclosed. ORDER
Item How 0 Cha rge m y credit ca rd . $15.
No. Many? Description Price Total 0 V isa 0 Maste r Card 0 Amex RE-77

Card No.

Signatu re

SPECIALI
115 VAC/60 Hz.. 21W.. 28A ..
3100 RPM; 5·blade model, alu­
mi num hous ing . Can be mounted
for blow ing or exhaust.
Dim.: 4"A. "sq. x 1 ¥.t "deep.

Item ' 5345 $ 5.95 RFE

3 ~" , 10Mb
HARD DISK DRIVE
IIBM!!> Compatible)

SWITCHING POWER
SUPPLY

..='=-"r:

I ./'----.c
115 & 230V, 4 7-440 Hz.
Input : SO- 135V/180-270V
Output : 5VDC @ 5.5A

+ 12VDC @.4A
- 12VDC @ .3A

Perf orated metal case enclosure.
Dim.: SY," L x 3 Y,"W x 2" H.
M fr - General Instru ment

Item ' 7983 $14.95 New

Fits sta ndard 5 %.. spaci ng.
Shock mounted. High speed, low
power. Mlr - Rodime ' RD252F
Item ' 10 151 $179.00 New
Controller Card l or above

Item ' 10 150 $99 .00

115 CFM MUFFIN(!)
FAN ~

$9.95

~ -... . . . ..--..
R _ N • .. . • ~

• '" N • ~ _

\

\

ADAM Computer Parts.

* * NEW * *
ADAM LINK MODEM
Iw/oSohware) Item ' 12358 $29.95
ADDRESS BOOK FILER SOFT­
WARE W/AUTO DIALER

Item ' 12365 $19.95

* * * * * * *ADAM COMPUTER KIT
(Less printer.) Includes: Keyboard, digital
data drive, 2 game controllers , power supply,
all memory boards , and one cassette. No wir­
ing necessary; hookup diagram included.

Item #7 41 0 $99.00
COLECOVISION to ADAM
EXPANSION KIT
Plugs into your ColecoVision. With printer
power supply & one data drive, you will
have a working Adam Computer. Keyboard
& one Smart Basic cassett e also inclu ded.

Item ' 9918 $59.50
DATA DRIVE-

Item ' 664 1
LASTCHANCE- $19.95

PRINTER POWER SUPPLY ­
Item ' 6642 $14.95

ASCII KEYBOARD-
Item ' 6643 $19.95

ADAM CASSETTES
(Consisting of Buck Rogars & Smart 8asic
only ., Item ' 77 86

BAKER'S DOZEN - $19.95
CONTROLLERS
($etof4) Item ' 7013

THERE'S NO RISK.
W Ith ou r lull 90 day warranty .

any purch ase ca n be return ed l o r
an y reason lor lull cred it or relund .

42-key mec hanical keyboard
(not membrane). Contains 2K 01RAM.
Reverse video , ZeOA, 6.5MHz processor,
ROM 8K 8ASIC. Graphics capability/sound­
mu sic, TV or monitor. Joystick input oper­
ates on 115 VAC. Includes: AC adapter, TV
cable, and pair of cassette cables . W ill run all
prerecorded tapes for SinciairfTim ex 10 00­
ZX8 1. Mlr - Power 3000. In orig. boxes.

Item ' 10336 $29.95 New
Accessories . . .
* 16K RAMPACK upgrade

Item ' 10337 $9.95 New

*32K RAMPACK upgrade
Item ' 12 148 $19.95 New

*COLOR PACK
Item ' 12 147 $19.95 New

PC 8300 HOME COMPUTER
(Advanced version of tha Tlmex 1000)r= ", ~

CIRCLE 207 ON FREE INFORMATION CARD
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(45 0no) 4.95
(450ns1l 5V) 3 .49
(35 0ns1l 5V) 3 .95
(450ns1l5V) 5 .95
(45 0ns1l 5V) 3 .9 5
(25 0ns1l 5V1l21V PGMI 3 .9 5
(200no1l 5V1l21V PG M) 4.25
(250no1l5VllCMOS) 5.95
(450ns1l5V) 3 .49
(250no1l5V) 3.95
(20 0 no1l5V) 4 .25
(350no1l5V1l24 PI N) 17 .9 5
(250no1l5 V) 4 .2 5
(25 0 no1l5VllCMOS) 10 .95
(25 0no1l5V) 7.49
21V PGM::Program.t 21 Votta

Ca pacity Int en sity Unit
Chip (uW/ Cm') Price

NO 9 8,000 $8 3. 00
YES 9 8,000 $1 19 .00
YES 12 9,600 $175.00

FjSPECTRONICS EPROM ERASERS
~ CORPORATION

2 7 08 10 2 4x8
2 7 16 2048x8
2 7 16-1 2048x8
TMS2 532 4096x8
2732 4096x8
2732A 4096ir:8
2732A ·2 4096x8
2 7 C64 81 92x8
2764 8192x8
2764-2 50 8192x8
2764-200 81 92x8
MCM 687 6 6 8192x8
27128 163 84 x8
27 C2 56 32 768x8
27256 327 68 x8

5V"Sing le 5 Voft Supply

CIRCLE 113 ON FREE INFORMATION CARD

**** HIGH·TECH ****
NEG V20 UP070108 $11 95
REPLACES 8088 TO SPEED UP IBM PC 10·40%
* HIGH·SPEED ADDRESS CALCULATION

IN HARDWARE
* PIN COMPATIBLE WITH 8088
* SUPERSET OF 8088 INSTRUCTION SET
* LOW POWER CMOS

8MHz V20 UPD70108·8 $13.95
8MHz V30 UPD70116·8 $19.95

**** SPOTLIGHT ****

1.95
3 .9 5

.99
2 .9 9

.9 9
1.0 9
1.49
1.95
1.95
1.49
1.95
1. 89
1.95
1.95
2 .0 5
2 .9 5
3 .89
3 .9 5
4 .49

(45 0 n o)
(450nollC MOS I
(45 0nollLP)
(45 0 ns)
(45 0 n_'
(450nsllLPI
(200noll LPI
(150 n oll LPI
(45 0 n ol
(15 0ns)
(lOOns)
(20 0nsllCMOS)
(15 0nollCMOS)
(200n ollCMOSllLP)
(150nollCMOSll LPI
(120nsllCMOSll LPI
(15 0nsllCMOSI
(150ns llCMOSllLPI
(120nsllCMOSllLP)

8000 CRT 8500 HIOH SPEED CMOS
1.49 CONTROLLERS 1.0 MHz 32.76 8 KHz .9 5 74LSOO .16 74LS1 6 5 .6 5 A new fam ily of high speed CMOS logic featuring
1.95 1.0MH:r 2 .9 5 74LSO l .18 74 LS166 .9 5 the speed of low poYJer Schottky (8ns typica l gate
2 .9 5 6 84 5 4 .95 6 5 02 2 .69 1.8432 2 .9 5 74LS02 .17 74 LS169 .9 5 propagation delay). com bined with the advantages of
2 .49 68845 8. 95 65C02 1CMOS112.95 2 .0 1.95 74LS03 .18 74LS173 .4 9 CMOS: ve ry low power con sumption. superior noise

169.95 6847 11 .95 6 507 9 .95 2 .0 97 152 1.95 74LS04 .16 74LS174 .3 9 immunity, and improved output d rive.
12 9.00 HD46505SP 6 .95 6520 1.95 2 .4576 1.95 74LS05 .18 74LS 175 .3 9 74HCOO6 .9 5 MC1372 2 .95 65 22 4.95 3 .2768 1.95 74LS08 .18 74LS19 1 .4 9

9.95 827 5 26.95 65 26 26.95 3. 57 9545 1.9 5 74LS09 .18 7 4LS1 92 .6 9 7 4HC: Operate at CMOS k>gic~s and are Kteal
2 .4 9 7220 19 .95 6 53 2 6 .9 5 4 .0 1. 9 5 74LS10 .16 74LS1 93 .6 9 for new . all-CMOS designs.
3 .95 CRTS027 12 .9 5 65 45 6 .95 4 .032 1.95 7 4LSll .2 2 74LS194 .69 74 HCOO .59 74HC1 48 1.197 .95 CRTS037 9.95 65 51 5 .95 5.0 1.95 74LS1 2 .22 7 4LS1 95 .69 74HC02 .5 9 74 HC151 .89

14 .9 5 TMS 9918A 19 .95 6 561 19 .95 5.0688 1.95 74LS1 3 .2 6 74LS19 6 .59 74HC04 .59 74 HC154 2. 49
129 .9 5 65 81 34.95 6 .0 1.95 74LS14 .3 9 7 4LS197 .59 7 4 HC0 8 .59 74HC1 57 .89199 .95 2.0MHZ 6 .1 44 1.9 5 74LS1 5 .2 6 74LS22 1 .59 7 4HC10 .59 74HC15 8 .9 5

DISK 6 .5536 1.95 74LS20 .17 7 4LS 240 .6 9 7 4 HC14 .7 9 74H C163 1.1 56502A 2.95 8 .0 1.95 74LS21 .22 74LS24 1 .6 9 74 HC20 .59 74HC175 .9 9

CONTROLLERS 65 20A 2 .95 10 .0 1.9 5 74LS22 .2 2 74LS2 42 .6 9 74HC27 .59 74H C24 0 1.898200 6 522A 5 .95 10 .738635 1.95 7 4 LS2 7 .23 74LS24 3 .6 9 7 4HC30 .59 7 4HC 244 1.8 9
1771 6 532A 11 .95 12 .0 1.95 74LS28 .2 6 74L S244 .6 9 7 4 HC32 .69 74HC245 1.8 9
1791 6 545A 7. 95 14.31818 1.95 74LS30 .17 74 LS245 .7 9 74HC51 .59 7 4HC 2 57 .8 5
1793 6 5 51A 6 .95 15.0 1.9 5 7 4 LS32 .18 74LS2 51 .4 9 74HC7 4 .7 5 7 4HC 25 9 1.39
1795 3.0 MHZ 16.0 1.95 7 4 LS33 .28 74L S25 3 .4 9 74HC8 5 1.3 5 7 4HC 27 3 1.89
1797 17.430 1.95 74LS37 .26 74LS2 56 1.79 74HC86 .69 74HC2 99 4 .99
2791 65028 6 .95 18 .0 1.95 7 4 LS3 8 .2 6 74LS257 .3 9 74HC93 1.19 74HC368 .99
27 93 18 .43 2 1 .95 74LS42 .39 74LS25 8 .4 9 74HC107 .79 74 HC373 2 .29
2797 20 .0 1.95 74L S47 .75 74LS 25 9 1.2 9 74HC109 .79 74HC37 4 2 .29
6843 8800

22 .1184 1.95 74LS48 .85 74LS260 .49 74 HC112 .7 9 74HC390 1.3 9
8272 24 .0 1.95 74LS51 .17 74LS2 66 .39 74HC125 1.19 74HC393 1.3 9
UPD765 1.0 MHz

32 .0 1.95 74LS73 .29 74 LS273 .7 9 74HC132 1.1 9 74H C4017 1.9 9
MB8876 CRYSTAL 7 4LS 7 4 .24 74LS279 .39 74HC1 33 .69 74HC4020 1.3 9
MB8877 6800 1.95 74LS75 .29 74LS280 1. 98 7 4HC138 .99 74HC4049 .8 9
1691 68 02 4 .95 OSCILLATORS 74LS76 .29 74LS283 .59 7 4HC139 .99 74HC4050 .89
2143 6803 9 .95 74LS83 .49 74LS290 .8 9

68 09 5 .95 1.0MHz 5 .95 74LS85 .49 74LS293 .89 74HCTOO6809E 5 .95 1.8432 5 .95 7 4 LS86 .22 74LS299 1.4 9
6810 1.95 2.0 5.95 7 4 LS90 .39 74LS322 3 .9 5 74HCT: Direct . dro p-in replacements for LS TIL
6820 2.95 2 .4576 5 .9 5 74LS92 .49 74LS323 2 .49 and can be int ermixed w ith 74LS in the same circuit.
6 82 1 1.95 2 .5 4 .95 74LS93 .39 74LS364 1.95 74 HCTOO .69 7 4HCTl 6 6 3 .0 5
6840 6.95 4 .0 4 .95 74LS95 .49 74L S365 .39 74HCT02 .69 74 HCTl 74 1.09
6843 19 .95 5 .0688 4.95 7 4 LS107 .34 74 LS367 .39 74HCT04 .69 74HCTl 93 1.39
6844 12 .9 5 6 .0 4 .95 74 LS10 9 .36 74 LS368 .39 74 HCT08 .69 74 HCTl94 1.1 9
6845 4.95 6 .144 4 .95 7 4 LS112 .29 74 LS37 3 .7 9 74HCTlO .69 74 HCT24 0 2.19
6847 11 .95 8 .0 4 .95 74LS122 .45 74LS37 4 .7 9 74HCT1 1 .69 74HCT241 2.19
6 8 50 1.95 10.0 4 .9 5 7 4 LS12 3 .49 74LS375 .9 5 7 4HCT27 .69 74 HCT244 2.19
6883 22 .9 5 12.0 4 .95 7 4 LS124 2 .75 74LS377 .79 7 4HCT30 .69 74HCT245 2.1912.480 4. 95 7 4 LS12 5 .39 7 4 LS 37 8 1.1 8 7 4 HCT32 .7 9 74HCT2 57 .992.0MHZ 15 .0 4 .95 7 4 LS12 6 .3 9 74LS390 1.19 7 4HCT74 .85 7 4HCT2 59 1.5916.0 4 .9 5 7 4LS132 .39 74LS393 .79 74HCT75 .9 5 7 4 HCT2 73 2 .0918.432 4. 95 74LS1 33 .49 7 4 LS541 1.49 74HCTl 38 1.15 74HCT36 7 1.0 920.0 4 .9 5 7 4 LS13 6 .3 9 74 LS62 4 1. 9 5 7 4 HCTl 39 1.15 74 HCT373 2 .4924 .0 4 .9 5 74LS138 .3 9 74LS640 .99 74 HCTl54 2.99 7 4 HCT3 74 2 .49

74LS139 .3 9 74LS645 .99 74HCTl 57 .9 9 74HCT393 1.59
7 4 LS145 .99 7 4 l S669 1.2 9 74HCTl58 .99 74 HCT4017 2.19

MISC. 74LS147 .9 9 74 LS 67 0 .89 74H CTl 61 1.29 74H CT40 4 0 1.59
7 4 LS148 .99 7 4 LS682 3 .20 74HCTl 64 1.39 74HCT4060 1.49
7 4 LS15 1 .39 74 LS683 3 .20
7 4 LS153 .39 74LS6 84 3 .20
7 4 LS154 1.49 74LS688 2.4 0
7 4 LS155 .59 74 LS7 83 2 2 .9 5 74FOO7 4 LS156 .49 8HS95 1.49
7 4 LS157 .35 81LS96 1.49 74F74
74LS158 .29 8 H S97 1.49
7 4 LS160 .29 81LS 98 1.49
7 4 LS161 .39 2 5LS2 521 2.80
7 4 LS162 .49 25LS25 6 9 2 .80
7 4 LS16 3 .39 26L S3 1 1.9 5
7 4 LS 164 .49 26LS32 1.95

DYNAMIC RAMS
411 6-2 50 16384xl (250ns)
4116-200 16 384xl (200ns l
4116-150 16384xl (15 0 no)
4116-120 16384xl (12 0 no)
MK4332 32768xl (200no)
41 64-200 65536xl (200ns1l5y)
4164-150 65536xl (150 no1l5y)
4164-120 65536xl (120no1l5YI
MCM6665 65536xl (200no1l5y)
TMS4164 65536xl (150no1l5yl 1.95
4164-REFRESH 65536xl (150no1l5VllREFRESH) 2 .95
TMS4416 16384x4 (150no1l5y) 4 .95
4 1128-150 131072x l (150no1l5y) 5 .95
TMS4464-15 65536x4 (15 0ns1l5yl 6 .9 5
41256-200 2 621 44xl (200ns1l5 YI 2 .95
41 25 6 -150 2621 44xl -(150ns1l5Y) -- 2.95
5~Singl. 5 Volt Supply REFRESH"Pin 1 Refr e sh

2 10 1 256x4
5 101 256x4
21 02L-4 1024xl
21' 2 25 6x4
2 114 102 4 x4
2 114 L-4 1024 x4
2 114L-2 1024 x4
2 11 4 L-1S 10 2 4 x4
TMS4044-4 4096xl
TMM2016-15 0 2048x8
TMM201 6 -100 2048x8
HM6116-4 2048x8
HM61 16-3 2048x8
HM61 16LP -4 2048x8
HM61 16LP-3 2048x8
HM61 16LP- 2 2048xll
HM6264P-15 81 92x8
HM6264LP-1 5 8192x8
HM6264LP-12 8192 x8

LPzLow power
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.,&9Seagate·'
51/4" HIRD DISK DRIVES

ST -225 HAL F HT 20MB 65.... $27 5
ST-238 HA LF HT 30MB 65.... IRlLI $2 99
ST·251 HALF HT 40MB 40.... $599
ST-277 HALF HT 60MB 40m0 (RLLI CALL
ST-4038 FU LL HT 30MB 40ms $5 59
ST-4096 FULL HT 80MB 28.... $1195

SAMSUNG
MONOCHROME

• IBM CO M PATIBLE TTL INPUT
.12" NON-G LARE AM BER,

LOW DIST ORTION SCREEN
• RESOLUTI ON, 72 0H x 35 0 V
• ATTRAC TIVE CASE WITH

SWIVEL BASE
• ONE YEAR WA RRANTY

CASPER
RGB MONITOR

• COLO R/ GREEN /AMB ER
SWITCH ON REAR

• DIGITAL RGB·IB M COM PAn Bl E
. 14" NON-GLARE SCRE EN
• RESOLUTION , 640H x 240V
'" .39m m DOT PITCH
'" CAB LE FOR IBM PC INCLUDED

$5995

APPLE .COMPATIBLE INTERFACE CARDS

$399.95 $299.95
TILT I SWIVEL MONITOR STAND $1295

EPROM PROGRAMMER
.. DUPLICATE OR BURN ANY

27'11.'11. SERIES EPROM
(2716 TO 27 128)

• M ENU·DRIVEN SOFTWAR E
.. HIGH SPE ED WAITE ALGO­

RITHM

CASPER
EGA MONITOR

• EGA & CGA COMPATIBLE
• SCANNIN G FREQUENCIES:

15.75 / 2 1.85 KHz
'* RES: 640 x 200 I 350
.. .3 1mm DOT PITCH, 25 M Hz
• 16 COLORS OUT OF 64
'" 14" , BLACK MATRIX SCREEN

'" REPLACEMENT FOR APP LE II KEYBOARD
* CAPS LOCK KEY, AUTO-REPEAT
• ONE KEY EN TRY OF BASIC OR CP/M

COMMANDS

KEYBOARD-AP

* 10 0% APPLE lie COMPATIBLE.

~~~~ll~I;}~1bNlr~li..HIELDED
CONNECTOR

• b~~SERELIABLE SLiMLINE DIRECT

'" SI X MONTH WARRANTY

DISK DRIVE ACCESSORIES
FDD CONTROLLER CARD $49_95
lie ADAPTOR CABLE $ 1 9 .9 5

ADAPTS S TANDARD APPLE DRI VES
FOR USE WITH APPLE lie

KB-1000 $79.95
CASE WITH KEYBOARD

FOR APPLE TYPE MOTHERBOARD
• USER DEFINED FUNCTION KEYS
• NUMERIC KEYPAD W/ CURSOR CONTROL
'" CAPS LOCK '" AUTO-REPEAT

'" s ar X-Y A XIS FOR AUTO CENTER OR
FREE MOVEMENT

• FI RE BUTTON FOR US E WITH GAME
SOFTWARE

.. A TT RA CTIV E, SOLID, PLASTIC CA SE
• INCLUDES A DA PTOR CABLE FOR IBM,

APPLE II. II" . II c. AlARI & VIC 20 / 64

AD·3C
$139.95

Ap·135
$129.95

Ap·150
$99.95

JOYSTICK CB·l0

\l\lU~\.i
S\\li\l\

MAC535
$249.95
• 3 .5 " ADD-ON DISK DRIVE
.. 100% M,q,CINTOSH COMPATABLE
• DOUBLE SIDED 800K BYTE STORAGE
* HIG H RELIABILITY DRIVE

HAS AUTO-EJECT MECHANISM
* FULL ONE YEAR WARRANTY

• FULL HT SHUGART MECHANISM
• DIRECT REPLACEMENT FOR APPLE

DISK II
• SiX MONTH WARRANTY

'" V2 HT. DIRECT DRIVE
'" 100% A PPLE COMPATIBLE
'" SIX MONTH WARRANTY

CIRCLE 176 ON FREE INFORMATION CARD



DISPLAY CARDS
FROM MODULAR CIRCUIT TECHNOLOGY

MCT-EGA $179.95
l CX1'1o IBM COMPA TlBLE, PASSES IBM EGA DIAGNOSTICS

• COMPATIBLE WITH IBM EGA , COLOR GRAPHICS
AND MONOCHROME ADAPTORS

* TRIPLE SCANNING FREQUENCY FOR DISPLAY
ON EGA, STANDARD RGB OR HIGH RES­
OLUTION MONOCHROME MONITOR

* FULL 256K OF VIDEO RAM ALLOWS 640 x 350
PIXELS IN 16 OF 64 COLORS

* LIGHT PEN INT ERFA CE

MCT-CG

MCT-MONO $49.95
ANOTHER FANTASTIC VALUE FROM JDR!

'" IBM COMPATIBLE nllNPUT .. 720 x 348 PIXEL DISPLAY
PLEASE NOTE: THIS CARD WILL NOT RUN LOTUS GRAPHICS

AND DOES NOT INCLUDE A PARALLEL PORT

EPROM PROGRAMMERS
FROM MODULAR CIRCUIT TECHNOLOGY

MCT-EPROM $129.95
PROGRAMS 27xx AND 27xxx SERIES EPROMS UP TO 27512

* SUPPROTS VARIOUS MANUFACTURERS
FORMATS WITH 12.5, 21 AND 25 VOLT
PROGRAMMIMG

* MENU-DRIVEN SOFTWARE ALLOWS
EASY MANIPULATION OF DATA FILES

* SPUT OR COMBINE THE CONTENTS OF
SEVERAL EPROMS OF DIFFERENT SIZES

* READ, WRITE, COPY, ERASE CHECK AND
VERIFY WITH EASY ONE KEY SELECTION

* INCLUDES SOFTWARE FOR STANDARD
HEX AND INTEL HEX FORMATS

4 GANG PROGRAMMER $18995

10 GANG PROGRAMMER $29995

EASYDATA MODEMS
Allmodels feature auto-dial/answer/redial on busy, Hayes compatible,power up self
test, touchtone or pulse dialing, built-in speaker, PC Talk III Communications
software , Bell Systems 103 & 212A full or half duplex and more.

INTERNAL
EASYDATA·12H $99.95

1200 BAUD HALF CARD

EASYDATA·12B $119.95
1200 BAUD 10" CARD

EASYDATA·24B $199.95
2400 BAUD FULL CARD

EXTERNAL
NO SOFTWARE INCLUDED

EASYDATA·12D $119.95
1200 BAUD

EASYDATA·24D $219.95
2400 BAUD

$89.95

$59.95

$79.95

JDR PART I: FDD-3/iO
GOOD QUALI TY DRIVES

BY MAJ OR MANUFA CTURERS SUCH AS
___ QUME. TAND ON & CDC

.. 511. " HALF HEIGHT .. DS /DD

.. 360K STORAGE CAPACITY .. 48 TPI

IBM COMPATIBLE
FLOPPY DISK DRIVE

'" IBM AT STYLE LAYOUT
'" SOFTWARE AUTOSENSE FOR XT OR AT

COMPATIBLES
'" EXTRA LARGE SHIFT & RETURN KEYS
'" LED INDICATORS FOR SCROLl,. CAPS &

NUMBER LOCK
'" AUTO REPEAT FEATURE

.. REPLACEMENT FOR KEY TRONIC ' '''
KB-5151 KEYBOARD

.. SEPARATE CURSOR &. NUMERIC KEYPAD
• CAPS LOCK & NUMBER LOCK

INDICATORS
.. IMPROVED KEYBOARD LAYOUT

MCT·5151

IBM COMPATIBLE KEYBOARDS

MCT·5150 $59.95

IBM STYLE
COMPUTER CASE

CIRCLE vrr ON FREE INFORMATION CARD

FARADAY
FDD CONTROLLER

$34.95
SLIDE TYPE CASE $39.95

JDR PART I: FAR-FDD

.. SUPPORTS UPTO 4 INTERNAllY
MOUNTED FOD s

• IBM COMPATIBLE, INTERFACES TO ­
360K OR 720K US ING DOS 3.20

* INCLUDES CABLE FOR 2 DISK DRIVES

$24.95

* SWITCH CUT-OUT ON SIDe FOR PC/Xl
STYLE POWER SUPPLY

• CUT-OUT FOR 8 EXPANSION SLOTS
.. ALL HARDWARE INCLUDED

'" IBM ENHANCED STYLE LAYOUT
• SOFTWARE AUTOSENSE FOR XT OR AT

COMPATIBLES

!J~!~~~~~~i~!~L'" 12 FUNCTION KEYS

• EXTRA LARGE SHIFT & RETU RN KE YS
• LED INDICATORS FOR SCROLL, CAPS &

NUMBER LOCK
'" AUTO REPEAT FEATURE
'" SEPARATE CURSOR PAD

~a&iI~a&;fjMi
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MULTIFUNCTION CARDS
FROM MODULAR CIRCUIT TECHNOLOGY

MCT-MF $79.95
ALL THE FEATURES OF ASrS SIX PACK PLUS AT HALF THE PRICEI

<It O·348K DYNAMIC RAM USING 4164.
• INCLUDES SERIAL PORT. PARALLEL PRINTER

PORT. GAME CONTROLLER PORT AND
CLOCK/CALENDAR

• SOFlWARE FOR A RAMDISK. PRINT SPOOLER
AND CLOCK/CALENDAR

MCT-ATMF

MCT-MID
* 2 DRIVE FLOPPY DISK CONTROLLER
.. INCLUDES SERIAL PORT . PARALLEL.: PORT .­

GAME PORT AND CLOCK/CALENDAR
WITH BATTERY BACK-UP

.. SOFTWARE FOR A RAMDISK. PRINT SPOOLER
AND CLOCK/CALENDAR

MIO-SERIAL 2nd SERIAL PORT $1595

MCT-IO
* SERIAL PORT ADDRESSABLE AS COM1 , COM2,

COM30RCOM4
* PARALLEL PRINTER PORT ADDRESSABLE AS

LPT1 OT LPT2 (x37 8 OR x27 81
• CLOCK/CALENDAR WITH A

BATTERY BACK-UP

IO-SERIAL 2nd SERIAL PORT

MCT-ATID

2nd SERIAL PORT

RAM CARDS
FROM MODULAR CIRCUIT TECHNOLOGY

MCT-RAM $69.95
A CONTIGUOUS MEMORY SOLUTION FOR YOUR SHORT OR REGULAR SLOT

* SHORT SLOT. LOW POWER PC COMPATIBLE
DESIGN

* CAN OFFER UP TO 576K OF ADDITIONAL
MEMORY

• USER SELECTABLE CONFIGURATION
AMOUNTS OF 192. 384. 512. 256 & 57 6K.
USING COMBINATIONS OF 64 & 256K RAM

MCT-ATRAM $149.95
A POWER USER'S DREAM , 4MB OF MEMORY FOR THE AT

• USER EXPANDABLE TO 2MB OF ON-BOARD
MEMORY

• USES FU LL 16 BIT PARITY CHECKED MEMORY.
64K OR 256K DYNAMIC RAM

* FLEXIBLE STARTING ADDRESS. ROUND OUT
CONVENTIONAL MEMORY TO 640K & ADD
EXTENDED MEMORY ABOVE 1MB

MCT-ITRIM·MC $3995
2MB PIGGYBAC K BOARD (2ERO K INSTALLED)

MCT-EMS $129.95
2MB OF LOTUS/INTE L/MICROSOFT COMPA TlBLE MEMORY FOR THE XT

.. CONFORMS TO LOTUS / IN TEL EMS
* USER EXPANDABLE TO 2 MB
'" USES 64K OR 256K DYNAMIC RAM

(NO MEMORY INSTALLED)
'" USE AS EXPANDED OR CONVENTIONAL

MEMORY. RAMDISK OR SPOOLER
• SOFlWARE INCLUDES EMS DEVICE DRIVERS.

PRINT SPOOLER AND RAMDISK

&9seagate
HARD DISK SYSTEMS
20 MB 30 MB
$339 $399

Systems include half height hard disk drive. hard disk drive controitet,
cables and instructions. Drives are pre-testedand warranted for one year.

MCT-RLL $119.95
GET UP TO 50% MORE STORAGE SPACE ON YOUR HARD DISK

• INCREASES THE CAPACITY OF PLATED
MEDIA DRIVES BY 50 %

• RLL2.7 ENCODING FOR MORE fit'
RELIABLE STORAGE I

• TRANSFER RATE IS ALSO 50 % FASTER; •
7S0K/ sec vs SOOK/ sec

• USE WITH ST-238 DRIVE TO ACHIEVE
30 + MB IN A HALF HEIGHT SLOT

MCT-FH $139.95
STARVED FOR SLOTS? SAT1SFY IT WITH THIS TIMEL Y DESIGN

.. INTERFACES UP TO 2 FDDs &:2 HODs

.. CABLING FOR 2 FDDs &: 1 HOD
• FLOPPY INTERFACE SUPPORTS BOTH

DS /DD & DS /aD WHEN USED WITH
DOS 3 _2 OR JFORMAT

• ALL POPULAR HOD SIZES ARE
SUPPORTED. INCLUDING 5. 10. 20 . 30 &
40MB .,

• CAN DIVIDE 1 LARGE DRIVE INTO 2
SMALLER. LOGICAL DRIVES

MCT-ATFH

93



EMI FILTER $4.95

.t . ' ...

- . '

2 VOLUME SET
Ie MASTER

THE INDUSTRY STANDARD

$129.9.5

6' LINE CORDS
2 conductor .39 3 conductor .99
3 conduc to r w /fema le soc ke t 1.49

PS-A

APPLE
BARE · NO FOIL PADS • ••• •• • • •• • $15.1 5
H ORIZONTA L BUS • • • • • •• • • • • • • • $22 .75
SINGLE FOIL PADS PER HOLE • • • • • • $2 1.80
FOR APPLE II. AUX SLOT • • •• ••• • • $30.00

5-100
BA RE · NO FOI L PA DS •• • • • ••• • •• $15.15
HORIZONTAL BUS • • • • • • • • • • • • • • $21 .80
VERTICAL BUS • • • • • • • • • •• • • •• • $21.80
SINGLE FOI L PADS PER HOLE • • • • • • $22.75

IBM·PR2

$99.95

IBM
BOTH CARDS HAVE SILK SCREENED LEGENDS

AND INCLUDE S MOUN TING BRACKET
IBM·PR1 WITH +5V AND GROUND PLANE • • • • $27. 95
IBM·P R2 A S ABOVE WITH DECOOING LAYOUT $29.95

P100·1
P100-2
P100·3
P100·4

LITHIUM BATTERY
AS USED IN CLOCK CIRCUITSt @

$34.95
* 75 WATTS. UL APPROVED
* +5V @ 7A.+12V @ 3A

-12V @ 250ma. -5V @ 300mB

BOOKS BY STEVE ClARCIA
BIULD YOUR OWN

Z80 COMPUTER $19.95

$17 .95
$18 .95
$18 .95
$18. 95
$19.95

$49.95
* USE TO POWER APPLE TYPE
. SYSTEMS. 79 .5 WATTS

* +5V@ 7 A. +12V @ 3A
·5V @ .5A. · 12V @ .5A

* APPLE POWER CONNECTOR

PS· 130

* 130 WATTS
* SWITCH ON REAR
* FOR USE IN OTHER IBM

TYPE MACHINES
* 90 DAY WARRANTY

$79.95
* FOR IBM PC-XT COMPATIBLE
* 150 WATTS
* +12V @ 5.2A. +5V @ 16A

·12V @ .5A . ·5V @ .5A
* ONE YEAR WARRANTY

SWITCHINO POWER SUPPLIES
$89.95

• FOR IBM PC·XTCOMPATIBLE
* 135 WATTS
* +5V@ 15A. +12V @ 4.2A

·5V @ .5A.·12V @ .5A
* ONE YEAR WARRANTY

PS-1BM/ 150

EXTENDER CARDS
IBM-PC $29.95
IBM-AT $39.95

PAGE WIRE WRAP WIRE
PRECUT ASSORTMENT

IN ASSORTED COLORS 527.50
100 e8: 5 .5 " , 6.0 " , 6 .5", 7. 0 "

25 008 : 2.5", 4 .5", 5 .0"
500••, 3.0 ". 3 .5". 4.0 "

SPOOLS
100 f e et $4. 30 250 fe et $7 .25
5 00 fe et $ 1 3 .2 5 1000100t $21.95

Please specify color:
Blue, Black, Yellow or Red

MONOLITHIC
50V .14 .1," 50 V
50V .15 .47," 50V

DISC
50V .05 680 50V
50 V .05 .001 ," 50V
50V .05 .0022 50V
50V .05 .00 5 50V
50V .05 .01 50V
50 V .05 .02 50V
50V .05 .05 50V
50V .05 .1 12V
50V .05 .1 50V

. CAPACITORS
TANTALUM

15V .35 .47,"
15V .70 1.0
15V .80 2.2
15V 1.35 4.7
35V .40 10

ELECTROLYTIC
RADIAL A XIA L

25V .14 1," 50V
35V .15 10 50V
50V .15 22 16V
50V .15 47 50V
35V .18 100 35V
16 V .18 22 0 25 V
35V .20 470 50V
25V .30 1000 16V
16V .70 2200 16V .70
25V 1.45 4700 16V 1.25

* INCREA SE THE SPEED OF YOUR PC BY 67% OR MOREl
* SIM PLE NO-SLOT INSTALlAnON
* SORWA RE OR HARDWARE SPEED SELECTION
* 8 M Hz V20 PROCESSOR & SORWARE INCLUDED
* SELECT FOR 3 TURBO FREQUENCIES
* EXTERNAL RESET SWITCH
* OPTIONAL 8088 8 MHz PROCESSOR AVAILABLE
Certain ear ty Pes may not run at 8 MHNheM rNc:hinel nwy be switched to one of the sIooNl:M' JpeliIdI:

6.66 MHz=4ll% 7.'.T1 MHr-66% B.OMHz=67%

CIRCLE 179 ON FREE INFORMATION CARD

- SOCKET·WRAP1.0.1101 - ;.-,_=-----=.....
...SLI PS OVER WIRe WR AP PINS • IV

* IDENTIFIES PIN NUMBERS ON WRAP . ==
SIDE OF BOA RD . '"

• CA N WRITE ON PLASTIC; SUCH AS rc # I . ~
PIN S PART# PCK . OF PRICE.-

8 IDWRA P 08 10 1.9 5 I . ~

~ : :g==:~ ~: ~g ~ :~~ a-
18 ' ID WR AP 18 5 1 '95 1.~
20 ID WRA P 20 5 1.9 5 e#-.
22 IOWRAP 22 5 1.95 .~

24 IOWRAP 24 5 1.95 eN

~~ :g:~:~~~ ~ 1 :;~ "'._-_......_=..
PLEA SE ORDER BY NUMBER OF

PACKAGES (PCK. OF)

BARGAIN HUNTERS CORNER
NEW FROMRIMELECTRONICS

NICKEL $8995EXPRESS .
PCIXTSPEED UP KIT

(/)
o
Z
o
a:
o
w
...J
W

6
Ci
~



2K10TURN
MULTI-TURN POT

~
SPECTROl

• "'MOD534-7161
$5.00 EACH

RELAYS
10 AMP SOLIDSTATE

:ONTRQl : 3·32 vdc I~
lOAD, 140 vac 10 amp \ \¥..(0~
)IZE:2~" x ~" x W' \~

$9 .50 EACH 10.FOR $90.00

ULTRA·MINIATURE
5 VDCRELAY

~~~~fNEDOO5M20 ~
~~rL~r;g~~s ~W
CONTACTS: 1amp
Mounts in14pin DIPsocket
11.2500ch 10 tor 110.00

MINIATURE
6 VDCRELAY

Aromat #ASO·6V .~

~~~~T~:a~ .
GOld colbaJl
contacts rated

M~~!~ri::~~~~~~
. coi l.
Operate from 4.3 - 6 voc.
COil : 1200llms $1.50 oach
PI n X13/32• X7/,,· 10 for $13.50

13VDCRELAY ,
CONTACTS: S.P.N.C
10amp@120vac
Energizecoi l to
ccen ccotect ...
COil : 13 voc 650 oIlms

SPECIAL PRICE$1.00 .och

4PDTRELAY 1)_
14pin KHstyle.. . ~

~~Eg~;e~~s...
tested " ..Sl .70 .ach

~~~dc~~%~~
LARGE QUANTITIES AVAILABLE

SOCKETSFORKHRELAY
7SC••ch

8" 15 WATT SPEAKER

~~~·~a~':':~~,~9 .~
1OQ.1O.OOOHz;
Ideal for PA systems. '
Mounting holes for
line-matching transformer.

CATISK-115
$3.50 ••; c. .. of • pcI.

$25 .00 per caM

$3.00
51 .75

$2.00
$3.00
1•. 00
1...5
$7.00

52. 0 0
12 .50 •
U.15
$I.7S
11.50

111.00

13.8VDCREGULATED POWER SUPPLY
These are solid state. fUllyregulated 13.8 vee
power supp nee.Both feature 100% solid state
construction, fuse protection , and l.E.D. power
indicator. u.t . listed .
2 amp conltant. 4 amp lurg. $20.00 .ach
3 amp conltant, 5 Imp lurg. $27.50 .ach

120 volt
primaries

NI-CAD
CHARGER

TESTER

Ca t' UNCC-N 51 2.50

5.lSvotta C 750 ma.
IU vott @ &00 ma.
12 V.C.T. e 200 ma.
12 V.C.T. e 400 1M.
12 V.C.T. @ 1 amp
12 V.C.T. @ 2 amp
12 V.C.T. @ • amp
18 votta @l50ma.
2. V.c.T.e 200 1M.
2. V.C.T. @ 1 amp
2. V.C.T. @ 2 amp
n V.C.T. @ 3 amp
2. V.C.T. @ • amp

TRANSFORMERS

a

MICRO-CASSETTE MECHANISM

Micro-cass ette tape transport for~
standard Me60 or MC45

~bc~!'a:i~~ss~~I~:' m~t~r~cb~Ft~r~~~~: ' . l
capstan , pinch wheel and other
components. 3 112" X 2 1/4" X 5/8"
CATI MCMEC $3 .00 each 10 for $27.50

Wil l charge

:~: ; eve~rY .. .
Ni- cad
bat te ry
a vaila bl e •.

WALL
TRANSFORMER

~
11 '5 VdC

'~$- 1.95
' po Amp.

, .:» INPUT:
• SIZE: 120 Vac

3314" X 27/8" X 2 5/8"
CAT *DCTX·11519

$6.50 each

EDGE
CONNECTORS

ALL ARE .156" SPACING.

~f:!¥!.:;;:::::;;=~
22 EDGECONNECTOR $1.25••
solder lug style 10 for $11.00

22/44 EDGECONNECTOR
$2.0000 P.C. sty'a 10 for 118.00

22/44 EDGECONNECTOR
solder lug style $2.50 .ach

- 28/58 EDGECONNECTOR
P.C.style $2.50 ••

3&/72 EDGECONNECTOR
PC. style 53.00 .ach

43/Be EDGECONNECTOR
PC. style .4.50 ••ch

410r$I.00
3 lor $1.00

;:~;mg I-:..:...:=..:.--=-----.J.---...:..:::.::::::::....---t
31Orn.00

$1.50
11.00
11.00

75<
75<

2N70&
2N2222A
PN2222A
2N2804
2N2805
MJ2855
2N3055
PMD10K40
TIP121
TIP125

WALL
TRANSFORMERS
allplU~directIY~~
int~~l~t\lac ~___

4 VDC(F Omo. $2.00
&VAC G 500 m.. $3.50
S YDCl750 ma. $4.50
8 VDC 500 mo. 15.00
12.5 V G 285 mo. $3.00
l' YN; @ l' VA.nd

8.5 VN:; e 1.28 VA $3 .50

~tt~~~E:~G~·o 500 m~~'OO
3.4V..8.7'''',8 0' 12 VDC 17.50

TRANSISTORS

RECHARGEABLE
NI-CAD BATTERIES

~(§3Jl~
AAA SIZE 1.25V $1.85
AA SIZE 1.25V 500mAH $1.85
AA With solder tab $2.00
C SIZE 1.2V1200mAH $3 .50
SUB-C SIZE solder lab $3 .50
a SIZE 1.2V 1200mAH $3 .50

D.P.S.T. LIGHTED
ROCKERSWITCH

1 1'5 m lighted rocker.f;?....:~..,.-
snap mounts In . .
fJ"' x 1V." hole.
Orange lens.16 amp
contact. •
11.50

MINI-PUSHBUTTON
~~a1i:"o~~ntary~I---..;....,.,~~----'i
'\4Hbushing. 35c .ach
Red button . 10 for $3.00

~SNAP ACTION
~. SWITCH

Cherry elect. #E-21 . N.O. orN .C.
O.lA contacts. Suitable for alarms
and other low energy circuits.
1'10'lever.

45CEACH 10FOR$4.20

,..~ 5 vonoperation

~
red JumboT 1~ $Ize

CATILED·4 $1.00

~~~#~:D~;~ ~~~HER

BI-POLAR Jum~:rW;~e

ALL ELECTRoniCS CORR
OO~[1 ~[1~CSlJw@@DCS@ CS@w[M

S.P.D.T. ~ S.P.D.T. ,s.P.D.T. ~(on-on) (on-on) (on-all-on)
pc.style Solder lug Sc'de r lug
non-threaded terminals. terminals.
bushing . ~f,~ 51.00.ach Sl.aO ••ch
75C .ach ,,' 10 for $9.00 10 for $9.00
10 lor $7.00 100 lor no .oo 10010' no.oo

S.P.D.T. S.P.D.T. • D.P.D.T. ,
(on"Off-on)~ (on-on) (on-on)
PC. style ih~e~~~ ~ ~~~~~~~
~~~hti~~eaded Jf~ ~¥.~hon~.Ch -:;::: 52.00.ach
75< ooch •. 10 I Ii 00 10fo' $18.00
10 lor $7.00 100~~r lio.oo 100 for $1&0.00

48 KEY ASSEMBLY
FORCOMPUTER OR

HOBBYIST

_~r:;;.)F:'':;~ .-~ WE VE MOVED
U~_-_; :~ Our Mell Order Operation.
~ - to .erYe U better

NEWT.!. KEYBOARDS. Originally NEW ~_
~~~~~c~~~~ke~pt~ef.~~~ MAILING ADDRESS .,"~ _
anicaiswitches.Terminatesto P.O. BOX 567 ~ r ~ - .-"
15pin conneetor. Frame4" x9 ' VAN NUYS CA 91408
CAT # KP-48 $3.50 ooch

XENON FLASH TUBE
~

3/4" long X 1/8" dia , Flash
tube desiqned for use in .
comfact camera flash units .

~~;,;oFnJ?iri,£e;;;~ r~i .00

SP.S.T.
TOGGLE
SWITCH

SOUND EFFECTS BOARD
PC boa rd with 2 1/4 " s peaker , I
2 LEOs , I C, battery snap ,
o the r com po ne nts 2 3/8 "x 3 " . \
When switc h is push e d ~
bo a r d beeps a nd leds ligh Q>III!!!IP 000 Operates on 9v bat t ery

L!J ro ( no t inc luded )

<D , t::I:.:J; zxper I men t er ' s de l i g h t * ~Q ~/ L.----------T"----------....
t. . _ in a mbi e n t 1 i gh t • L"CA;;T",';.;S;:;;T,,-;;;;3,-__.:.5;.1;,.'2:.5:...;e:.a:..;....:::::.~.:::~

" he n an ob ject or pe rson COMMODORE PRINTER PLOTTER
passes within i t's f ield . h Commodore Model II 1520
of v Lew (abou t 5 I ) it beeps 4 i nc Four color X-Y plotter. Standard VIC
fo r s everal s e c o nds t hen resets . ~p"per serial interface allows easy connection
Co u ld be u s e d a s a d o o r an nun - to Commodore 64 computers. Up to 80
c iator or modifi e d to trigge r _ characters per line.
other dev ices . 5 1/2 " x 4 " x 1. ~
Operates o n 6 vdc , Require s 4 All. , CAT /I COM.1520
batterie s ( no t i nclud e d ) . ~ $49.95 ••ch
CAT' LSMD 55 .7 5 pe r unit EXTRA pen oelo $1 .50 per oel .

CARLING
( on -o f f)
RATED :
10 amp

@ 125 va c ,
Al l plastic bo dy

a nd togg le.

CATt STS-I~'
Sl .OO ea.

1 0 fo r 58 .50 .
100 f or 5 7 .5 0

LARGE QUA NTITIES

LED HOLDERS
Twopiece holder e S

1- --1Wi"i~;n8~ lED 10010' $5.00

CLEAR CLIPLITE
LED HOLDER

Make lEO a fancYD
indicator. Clear.
410,$1.00

51.ncar 11 TTPC8

600 ~ms c.t. to 600 ohms c.t.

P.C. board mount
3/4" x 518" X3/4"

$1.25 ••ch

FUSES I F""9
3AG (AGC) SIZE
1. 117.2.217,3, 4.5.6 AMP

t~~3~~E5 AMP ~
5 of any ONEamperal" 75¢

Twocolor E!!J.coded - oj.

terminals on 8 0 Ii~ .
sturdy 2~ · x
3~" bakelite ••
plate .
Great for speaker enclosures or
power supplies.

75¢ EACH 10 for $6 .00

t~~J:'i !'.,S leek .
high- t e c h
l a mp
assembly .
Co u ld be
us e d a s a _
t h i rd a uto
tai l li g ht, emerge nc y
wa r ning li g ht, o r
special -effects l amp.
Re d r efl e c ti v e l ens

. i s 2 3/4" x 5 1/2 "
is moun t ed o n a
4 to h igh ped e sta l
with up - down s wi vel
adjustment . I nc l udes
12v rep laceable bulb.
CAT ' TLB 53. 95 e ach .

~
PHOTO·FLASH MINIATURE TOGGLE SWITCHES

" ,CAPACITORS 1- - - - ALLARERATED5AMPS@125VAC -

~
' ' 17 0 MFD 33 0 Vo l t

' , . CAT' PPC-170
75c e a c h

40 0 MFD 330 Volt
CAT ' PPC- 400 51. 00 e a

COMPUTER GRADE
. CAPACITORS

1,400 mfd. 200 .Vdc
3" X 2" d.i a , 52 . 0 0

6,400 mfd 60 Vdc

4 1/4 " x I 3/8 " d ia . 5~ • 50l-~..:...:..._---~::.::::..;r=:':"-,-;:;;;:;c;---"i
. 7,500 mfd 200 Vdc

5 3/4 " x 3" d i a. 5 4 . 00

12,000 mfd 40 Vdc
4 1 / 4 " x 2 " d i.a , 5 2 . 50

22,000 mfd 25 Vdc
4 3/4 " x 2 " d i .a , 52 . 50

48,000 mfd 10 Vdc
3 " x 2 1/2 " d i a . 5 2 .50

66,000 mfd 15 Vdc
3 3/ 4 " x 3" d i.a , 53 . 5 0 I=;;;:;:.,..:.,:;.:;,;,;,,;;,,;,,;;,----i

72,000 mfd 15 Vdc
4 11 x 2 " d La , $ 3. 5 0

100,000 mfd 10 Vdc
6 " x 2 1 / 2 " dia . 51. 0 0

INFO. (213) 38D-8000

FAX - (213) 389-7073

STORES
LOS ANGELES, CA
905 S. Vermonl Ave.
213 38D-SOOO

VAN NUYS, CA
6228 Sepulveda Blvd.
818 997-1806

ale. MAIL ORDERS TO :

ALL ELECTRONICS
P ;O. BOX 587

91408

TWX - 101010163
ALL ELECTRONIC

"1~:::~~:~E~~~,EODooTOLL FREE ORDERS
CALIF. ADD SALES TAX 800-828-5432

USA: 13 .00 SHIPPING
NO C.O.D.I

FOREIGN ORO£RS:
INCLUDE SUFFtCIENT

SHIPPING

• RDPS

51 5 . 0 0

c....
c
!<
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COMMODORE CHIPS
Replace the 8086 or 8088 in Your IBM-PC and

Increase Its Speed by up to 40 %1
Part No. Price

UPD70108-5 (5MHz) V20 Chip .• • • • • $ 9.95
UPD70108-8 (8MHz) V20 Chip .•. • •• $11.95
UPD70116-8 (8MHz) V30 Chip .• •• • • $14 .95
UPD70116-10 (10MHz) V30 Chip•• • • $34 .95

7400

WD1770 Dis!< Cont.• .• 19.95
SI-3052P 5VFbsitiYe

\\>ltaoe Reg. 2A. .. .. 5.95
6502 MPU wnnt Clock • •• 2.25
6504A CPU.. • .. .. 1.95
6507 CPU 4.95
6510 CPU. .. .. .. 9.95
6520 1'lA.. • • 1.75
6522 VIA.. .. .. .. 2.95
6525 Tf''' .. • .. • .. 7.95
6526 CIA. 14.95
6529 Sf''' .. .. .. .. 4.95
6532 128x8P.A.M.IIO.TIfnAr 6.49
6545-1 CRTC. .. . .. .. . 2.49

Plirt No. Price

6551 ACIA. • • •• 3.29
6560 VlC-1. • • . •• 10.95
6567 VlC-1I• • • . • 14.95
6569 VIC PAl• • ••14.95
6572 VIC PAL-N•••14.95
6581 510 (12V) 14.95
6582 00 (9V) 14.95
8360 Text Editing••10.95
8501 MPIJ•• . • . • 10.95
8502 MPU. . . • . • 7.95
8563 CRTConk.. 15.95
8564 VIC• •• • • • 15.95
8566 VIC PAl• • ••29.95
8701 ClockChip• • . 9.95

'8 721 PLA• • • •• • 14.95

Part No. Price

8722 MMU. . . • . . . . . . . . . . . 9.95
·251104 -04 Kernal ROM. •. • . • 10 .95
318018-03 BaslcOOM-CI28 • . . 15.95
3180 19-ll3 sese OOM-C128 15.95
31802lHl4 l<trnalROIH 128 15.95
32530 2-01 64KROM 10<

154011541 OriYe. • • • •• •• • . 15.95
"325572-01 L09K:Arr~••• • • • 24.95
' 82S100PlA (906114-01)"..• . 13.95
9012 25-0 1 Chat ROM 11.95
901226-01 BASIC ROM 11.95
901227-03 !<anal ROM. • . • . • 11.95
901229-05 Upgrade OOM

IF« 1541 Dis!< 0"")• . .• • .• 15.95
"No specs. available

" Nole : 828 1OOPlA =U17 (C-6 4)

SATELLITE TV
DESCRAMBLER CHIP

The MM5321 is a TV came ra sync generator desig ned to
supply the basic sync functions for either co lor or mono­
chrome 525 line/ 60Hz interfaced and camera video recor der
applications. COLOR BURST GATE & SYNC

AlLOW STABLE COLOR OPERATION

MM5321N. $11.95
INTERSIL Also Available!

17 4 H C H I-S PEE D CMOS
Part No. Price Part No. Price

74HCOO. . . . . . . . .25 74 HC 175.. .69
74 HC02. . . .25 74HC221 . . . . . . .99
74HC04.. .29 74 HC240. . . .79
74HCOB .. .29 74HC244. . . . . . . . . .79
74HC 10 .29 74HC2 45. . . . . . .89
74HC 14.. ... .49 74 HC253. .59
74H030.. . . .. .29 74HC259.. .. .. .. . .. .65
74HC3 2. . 29 74 HC273. . .79
74HC74 39 74 HC373 .. . . . . . . .79
74HC75. . . .39 74H0374. .79
74HC76.. ... .4 5 74HC393. .75
74 HC85. . . . .79 74 HC595 1.19
74 HC86 39 74 HC688 79
74H C1 23.. .89 74HC4040. . . .89
74 HC125 . . . . .49 74HC4049. . .59
74H C 132. . . . . .49 74 HC4 050 . . . . . .59
74HCl38. • • . .49 74H C4 060 1.09
74HC 139.. .49 74HC4 5" 1.29
74HC l 54 1.19 74HC4514 1.19
74HC 163 .. .. . .65 74 HC4538. .89
74 HC 17 4 . . .69 74 HC4543 1.19

74HCT - CMOS TTL I

74S/PROMS·

74F

I

I

1

LM 14 58 N. . . . . . .39
L M 1488N 49
OS 14C88N (CMOS) 1.19
LM1 489 N A9
DS14C8 9N (C M OS) 1."
LM 1496N. . . .8E
M C 164 8 P. . . 4.91:
LM18 7 1N 2.95
LM1872N 2.95
LM1 896N-l . . .. 1.59
ULN 20Q3A. . . . . . . .ss
XR2206 3.95
XR2211. . . 2.9 E
XR2243. . . . . . . 1.9 E
DS26 LS29CN 4 A£
DS26LS31 CN 1.1£
DS2 6LS32CN. . . . . . 1.1£
DS26LS33CN . . . . . 1.9E
LM2901N . . . . . . . . .4£
LM290 7N 2 A£
LM 2917N (8 pi n) . . . 1 .5~

M C3 4 19CL 9.9~

M C3446N. . 2.9E
M C345OP 2.9~

M C3 470P 1 .9~
M C3 47 1P , 4.9~

M C3479P 4.7~

M 03486P 1.S!
M C3 487P. . . 1 .6~

LM 39<X)N . . .4~

LM3905N 1.H
LM 3909N. . .9!
LM39 14N. . . . . 1.9!
LM39 16N. . . . . . . . 1.9~

N E553 2. . . . . . . . .8~

NE 553 4 . . . . . . . . . . .. .6~

7805K (LM340K-5) .. 1.2 \
78 12K(LM3 40K- 12) 1.2'
78 15K (LM340K- 15) 1.2 \
7805T (LM340T-5) . . .4!
7812T (LM340T- 12) . .4!
7815T (LM340T- 15) A\
79 05K (LM320K-5) . 1.31
7905T (LM 320T-5 ) . .5'
75472. .. . . .S!
75477.. . .. 1.2!
76477 5.9!
MC145406P. . 2.9 !

Wire Wrap (Gold) l evel #3
.11 8pinWW .5!
.12 14 pin WW.. . 6:
.13 16 pin WW 6'
.25 24pinWW t .t t
.27 28 pin WW 1.3'
.29 4OpinWW 1.8'

.29 74HCT139. . . .59

.29 74HCT157.. .69

.29 74HCT174. . . .69

.29 74HCT175.. .69

.29 74HCT240. . .99

.29 74HCT244. . .99

.49 74HCT245 1.19

.49 74HCT373.. . 1.19

.59 74HCT374. . . .1.19

LINEAR

ICSOCKETS

74C-CMOS

Low Profile
8 pin LP .

14 pin LP .
16 pin LP .
24pin LP .
28 pin LP .
40 pi n LP .

DS0026C N 1.95
TL074CN. . . . . . .89
TL084CN. . .99
AFl DO-ICN 8.95
LM 30 7N . . . . . .45
LM 309K .. . ...... 1.25
LM3 11N . . .45
LM3 17T. . . .79
LM31 8N. .99
LM31 9N . . . . . . . .99
LM323 K . . . . . 3.95
LM324N. .39
LM 338K 4.95
LM 33 9N. .39
LF3 47N . . . . .. 1.79
LM34 8N. .69
LM 350T 2.95
LF351N.. .. .... .39
LF3 53N. . A 9
LF355N . . . .79
LF356N. . .79
LF3 57N. .. .. .. .. .. 1.09
LM358N. . . A9
LM 36ON .. .. 2.19
LM 361N 1.79
LM 380N-8. .99
LM 386N-3. . • . .99
LM387 N. . .99
LM 393N 39
LM399H 2.9 5
LF411 CN. . . .79
TL 49 7AC N. . . . .. . . 2.69
NE540H (C64OH) . 2.95
NE555V. . .29
XR-L55 5. . . . . . .75
LM556N. . .49
NE5 58N. . .89
LM 565N.. .. .. . .99
LM 567V. . .69
NE592N. . . .89
LM74 1CN. .. .29
LM 747CN.. . .59
MC1350 1.49
M C 1372P. 2.49
MC137 7P 3.19
M C1 398P 8.95
LM 14 14N 1.29

74HCTOO.
74HCT02 .
74HCT04 ..
74HCT08. .
74HCT10.
74HCT32..
74HCT74.
74HCT86....
74HCT138..

SoltlertallStanard (Gold ' .TIn) I- Nuder PlugSochtts Ab:o_llIbl

I

I

Price
DYNAMICRAMS

256 x 8
2048 x 8
4096x8
8 192x 8
1024x8
2048 x 8
2048 x 8
2048 x 8
2048 x8
4096 x 8
4096 x 8
4096 x 8
4096 x 8
4096 xB
8 192 xB
8192 x8
8 192x 8
8 192 x 8
8192 x 8
8192 x 8
16,384 xB
16,384 x 8
16,384 x 8
16,.384 x 8
32,768 x 8
32, 768 x 8
32,768x8
65 ,536x 8
8 192 x 8
8 192 x 8
256x 4
256x8
32 x 8

2048xB
10 24 x 1
1024 x 4
1024 x4
1024 x4
1024 x 4
1024 x 4
256 x4
2048 x 8
2048 x 8
2048 x 8
8 192 x 8
8 192x 8
8 192x 8
102 4 x 4
32 ,768 x 8

Function

1702A
T MS 2 51 6
TMS 2 53 2
TMS 2664
2708
TMS 2716
27 16
27 16-1
27C16
2 732
2732 A- 20
2732A-25
2732A- 45
27032
2764-20
2764 -2 5
2764A-2 5
2764-45
27 064
27C64-15
27128-20
2 7 128-25
27 128A--25
27C128-25
27256-20
272 56-25
27C256-25
27512-25
687 64
68 766
748387
74$471
N82S123

20 16-12
2102-2 L
21 14N
21 14N-2
21 14N -2 L
2 1C 14
2 149
5101
6 116 LP-2
6 116P-3
6 116LP-3
62 64 LP- 12
62 64 P- 15
6264LP-15
6514
43256-15 L

41 16-15 16,.384 x t
4 128-20 (Piggybac k) 131 .07 2 x 1
4 164- 120 65 ,536 x 1
4 164-150 65 ,536 x 1
4164 -200 65 ,536 x 1
TMS44 16-1 2 16,384 x 4
8 1 18 16,384 x 1
41256-120 262.144 x t
41 256-150 26 2,144 x 1
50464-15 65 ,536 x 4
511 (X)()FL10 1,048,576 x 1
514256p...l0 262,144x4

Part No.

(15Ons) .. . .89
(200ns). 4.49
(12Ons). .. . . . .. .. . .. . .. . 1.75
( l5Ons). . . . 1.15
(200ns). .95
(12Ons ). 4 .25
(12Ons).. . .69
(12Ons). .. 3.95
(15Ons) .. .. .. .. .. .. . . 2.95
(l5Ons) (44 64 ) (4 1464) 4.95
(100ns) 1 M eg . 39 .95
(100ns) 1 Meg. . . . . . 44 .9 5

---------- STATICRAMS ----------
(12Ons). .... .. .. . .. 1.69
(25Ons) Lo w Power (91 L02) 1.95
(45Ons).. .. .. .. .. . .. . .99
(200ns). . • 1.05
(2000s) Low Power. . 1.49
(200ns) (CM OS). . • . . . .49
(45o s). . . .. .. .. . .. .. 4.95
(45Ons) CMOS.. .. . . 1.95
(12Ons) Low Power CMOS . . . 2 .95
(15Ons ) CMOS .. 1.89
(15Ons) Low Power. . 1.95
(12Ons) Low Power CM OS 4.25
(15Ons) CMOS. . . . . . . . 3.59
(l5Ons) Lo w Power CM OS . . .... 3.75
(35Ons) CMOS (UP0444C). . . 4.49
(15Ons) Lo w Power. . .. .. 24.95

---------PROMS/ EPROMS- --------
(11'S). . . . .. 6.95
(45Ons) 25V. . • . . . . . 4.96
(45Ons) 25V.. .. . .. .. .. .. .. . 5.95
(45Ons) 25 V. . . . . .. 8.95
(45Ons ). . .. . .. .. .. . 4.95
(45Ons) 3 vo ltage. . 9.9 5
(45Ons). . . . . . . . . 3 .75
(35Ons) 25 V. . 4.95
(4 5Ons) 2 5V (CMOS). 6.49
(45Ons). . . . . . . . . 3.9 5
(200ns) 21V. . . . . . . . . . . . . .. .. 4.25
(25Ons) 21V. . . . 3.9 5
(45Ons) 21V. . . . . . 3.75
(45Ons) 25 V (CMOS). . 6.49
(200ns) 21V. • . . 4.25
(25Ons) 2 1V. . . . . . . . 3.7 5
(2 5Ons) 12.5V. . . . . .. 4.25
(45Ons) 21V. . . ..... . •. 3 .49
(45Ons ) 2 1V (CMOS). . 5.49
(15Ons ) 2 1V (CM OS). . 6.49
(200ns) 128K 21V 4.95
(25Ons ) 128K 2 1V. . 4.25
(25Ons) 12.5V. . . . . . . . . 4.95
(25Ons) 21V (CMOS). . 5.95
(2OOns) 2561<(12 .5V). . . 6.95
(25Ons) 256K (12.5V) . . . . . . 5.95
(25Ons) 2561< (CMOS) (12.5V) 8.9 5
(25Ons) 512K (12.5V). . . . 19 .95
(45Ons) 25V.. 15.95
(35Ons) 25 V. . 16.95
PROM O.C.. . . . . . . . 1.29
PROM TS _.. .. .. .. 4.95
PROM T.8 _• .. .. .. . .. .... . 2.49

745188·. . 1.29
748189 1.69
745196. . . 2.49
74$24 0 . . . .. 1.49
745244. . . 1.49
7452 53 . .79
748287· . . . l A 9
74S 288 ". . . 1.49
745373. l A 9
74837 4. . . . . 1.49
748472 · 2.95

.19 74LS1 65. . .75 .6 5

.19 7 4L8 166. . .99 .8 9

.2 5 74LS 173 .59 .49

.25 74LS 17 4.. .49 .39

.99 74 LS 17 5. .49 .39

.99 74LS189 . 4.59 4.49

.19 74 LS 19 1.. ... .59 .49

.19 74L81 93. . . . .79 .69

.39 74LS221.. . .69 .59

.25 74 L8240. . .79 .69

.19 7 4LS243. . . .79 .69

.25 74LS244. . .79 .69

.39 74L8245. . . .8 9 .79

.89 74LS259. . .99 .89

.29 74L8273. . .89 .79

.25 74LS279. . . .49 .39

.29 74LS32 2 . . 4.05 3.95

.45 7 4LS36 5 .49.39

.49 74LS366 . . . .49 .39

.2 5 74LS367. . .49 .39

.39 74L.S368. . . .49 .39

.39 74LS373.. .79 .69

.49 74 LS374. .79 .69

.39 74LS393 .89 .79

.39 74LS590 6.05 5.95

.39 74LS624 2.05 1.95

.99 74LS629.. 2.29 2.19

.35 74LS640 1.09 .99

.35 74LS645. 1.09 .99
A 9 74LS670 1.09 .99
.49 74LS688.... . 2.05 1.95

74LS

.39 74 F139. .

.39 74F15 7.. .

.39 74Fl93.

.39 74F240. ..

.39 74 F244.

.49 74 F253 .

.59 74F373 .
.. . . ..89 74 F374 .

.19 C0407 6. . .65

.89 C04081 .25

.19 C0 408 2 .25

.29 C04093. . .35

.29 C04094. . .89

.55 CD40103. . 2.49

.59 C040107.. .69

.59 CD40109 . .. .. 1.49

.49 C045 10.. .. .69

.3 5 C0451 1.. . .69

.29 C04520. . .75

.65 CD4522 . . .79

.29 C04538. . . .79

.29 C04541.. . .69

.59 C04543.. . .79

.59 C04553. . . .. .. . 4.9 5

.59 CD455 5 .79
....... 3 .95 C04566 2.49
... ... 1.95 C0457 2 (M C14572) . .39

.29 C04583. . .89

.25 CD4584. . . .39

.25 CD4585. . . . . .89

.25 M C l4411P. . a95

.25 M C 1449QP 4 A 9

.29

.35

.35

.29

.35

.45
1.79
.35

.. .. ... 2.9 5
.79
.79

CD-CMOS

74800.
7 4804.
74508 . .
7451 0.
74532.
74S74.
74585.
74586. . .
745124 . .
7451 74 . . . .
74 5 175. .

CD4001 .
C04008.
CD4 0 11..
C0 40 13.
CD40 16.
CD4017. .
C04018.. .
C0 40 20. .
C04024
C0 4027
C04030. .
C04040.
C04049. .
CD4050.
CD40 S1.
CD40 52
CD4053
C04059.
C04063
C04066. .
C04069.
C04070 .
C0407 1 .
C0 4072. .

74 LSOO. .29
74LS02. . . . . .29
74 LS04.. .35
74LS0 5. . .35
74 LS06 1.09
7 4 LS07 1.09
7 4 L808. . .29
74 L8 10.. .29
74 LS14.. .49
74LS27. . .35
74LS30. .29
74LS3 2.. . .35
7 4 LS42. . .49
74LS47. .99
74 LS73 . .39
74LS74. .. .3 5
74LS 75 . . .39
74LS76. . .55
7 4 LS85. . .59
74LS86. . . . .35
74LS90.. . .49
7 4 L893. .49
74L812 3. . . .59
74LS125. . .49
7 4 LS 13 8. . .49
7 4LS1 39. . . .49
74LS154. .... 1 .09
7 4 LS 157. .45
74 LS 158 .45
74LS1 63.. .. . .59
7 4 L8 164.. .59

PARTIAL LISTING· OVER 4000 COMPONENTS AND ACCESSORIES IN STOCK! • CALL FOR QUANTITY DISCOUNTS
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JE864 $59.95

• 80 Col. /64 K RAM , Doubles
amount of data your Apple lie
can display as well as its rnem­
ory capacity • Ideal for word
process ing ' Comp lete with
instructions

MUF60 $9 .95
Tarin Industries (4. 68~ SQ ., 60 el m)

SU2A1 , S8.95
EG&G Rotron (3.125M square. 20 elm)

Extended aO-Column
Card for Apple lie

DATA BOOKS

APPLE COMPATIBLE
ACCESSORIES

Additional Apple Compatible
Products Available

30003 Nation al Linear Data Book (82)• • • • • • $ 14.95
30009 Intere11Dote Book(86).. , • . . , $ 9.95
30013 Zllog Do" Book(85) , $14 .95
30032 Nation al Linear Supplement (84). •• • • S 6.95
210830 Intel Momory Hondbook (87). . . • . . • $17,95
230843 IntelMlcrosystomHndbk. Set (87). .. • $24.95

IBM
Compatible!

DISK DRIVES
Doc ume ntation

Included

Teoc 5.. • OSv,-H(IBMPCIXT) ••• $109.95
Ponasonlc 5'0' OSV,-H(IBMPCIXT) $1 09.95
Ponasonlc S,, · OSv,-H(IBMAT) •. $119.95

J JE310 Fiber Optics
em~I1if.g Experimenter Kit

NEW! ;~~~C:tl~Odnea~~e~~~
..--::oool:<::-"':' engineers hands-on

experience with fiber
opt ic technology
• Ste p by step in ­
struct ions • Includ es
transmitter & receiver
cir cuits boa rds . as
well as all nee. tc 'e.
cables &.connectors

JE310 Fiber Optic 1G1• • • • •• • • • • • $19.95

Jameco Parallel Printer Card
.m.II-I.lm..... .for Apple II, 11+ and lie

• Intelligent interface to
most dot matr ix grap hics
printers

• Centroni cs standard

• Advanced text printing

Porallel Print... Cord• • • • • • • $49.95
64KBulferforJE880$69:95 $59.95
JE880 andJE883~ $99.95

d
JE880
JE883
JE8803

-I fl'f f r' I'I; /' H 1' 1 • t\t'i. . /.r r I' I ' r 1'1' 1"1 fl · , . -
- '1 '1'1' I' !. I' [' 1' r r ." .' ..

· . . 'I I' I"l" I" I I I --. \: .' ' "',

ADDITIONAL ADD-ONS AVAILABLE!
RS232 Seria l Half Card • • •• • • • • • • •• • • • $ 29.95
Expansion Memory Half Card (without RAM) • • $ 59.95
Integrated Color Board w/Printer Port •• , • , • $ 99.95
Multifunction 0-384K RAM (;ilt;;;"ut RAM)•••• $109.95
12001300 BaudHo" CordModomw"hout ooftwor• • • • $129.95
1200/300 BaudHa" CordMod.m with MirrorSoftwar• • • $159.95
Enhanced Graphics 256K Video RAM • • •••• $229 .95
14" RGD Color Monitor•••• •• •• , • •• ••• $289.95
20MB Hard Disk Drive , Controller & Cable •• •• $429 .95
IBM is a regis tered trademark of IBM Computers

~~ . :~ :! ~- ~..- ~~ ~"~ '~.':.
A. , • •
I l . '1 ~ ...

~ .'
10- ..-;. • • , I

~" . ." :-:. i ~ __.J

IBM-ENH $79 .95
Turbo 4.77/8MHz Motherboard

IBM PC/XT Compatible
, 75% faster than the IBM PC while in
the turbo mode • Turbo Mode selectable
th rou gh either so ftwa re o r hard ware
• Expandable to 640K (comes w/zero-K)
• DTK/ERSO BIOS included

TURBO. . . . . . . .. NEW! .......• $129.95

• Tactile touch keyswitches • AT style layout · Switch selectable between PC/Xl
or AT • Illuminated Caps Lock , Num Loc k and Sc ro ll Loc k indicators ' Low
profile design ' 812foot cord , Manua l included· Size: 18"L x 7\<'W x 112"H

KB5160. . . . . . $59.95

IBM PC/XT
Compatible
Enhanced
Keyboard

• Enhanced PC/Xl keyboard (eq uiv. to Keytronics~ 5151) • Sepa rate cursor
and numeric keyboard · Typewriter style layout makes it easier to learn! • LED
indi cators ' Manual included' Colo r: off-white' Size: 20"L x 812'W x 112"H

NEW! Log itech Mice
IBM PC/XT Compatible

lL....iII.....- g~~~ ~~ ~~~::~~~~~';,:,;~r~: : ::::~~g~
C7BUS C7 Mouse w/ Bus Brd. & PlUS Pkg. 8fwr. $119.95

RS232HC
EM-100
IBM-ICB
IMFC
PM1200B-2
PM1200B-2S
IBM-EGA
~1410

IBM-20MBK

IBMSP2

NOW YOU CAN BUILD AN IBM PCIXT COMPATIBLE!

IBM Compatible Kit No.2
IBM-64K(2) 64KRAM Chips (18), . $ 19.90
KB5160 ATSlyIeKeyboord .. .. $ 59.95
IBM-FCC Floppy ControllerCord$ 34.95

, IBM-Ca se RIp-Top Co.., . . . , . . $ 39,95
IBM-MCC Monochrome Cord . . $ 59.95
IBM-PS Power Supply.. . . , . , $ 69.95
FD55B TEAC 5'0"DiskDrive.. $109.95
IBM-MON 12" Monochr, Mon~or $ 99.95
IBM-MB Motherboard $109.95

(with Zero-K RAM - incl. BIOS-ROM)

FREE! QUICKSOFT PC
WRITE WORD PROCESSING
SOFTWARE INCLUDED!

Weight: 48 Ibs. Regular List $604.50

(Includes 9 items above) ••••• $529.95

IBM PC/XT/ AT
Compatible
Keyboard
.-ai' AT
~"'-' Styletl Layout20Meg Hard Disk NEW!

20MB Hard Disk Drive B.Qard
for Tandy 1000••••• :j;579.95
20MB Hard Disk Drive B,2ard
for Tandy 1000SX• ••• :j;589.95

-80 MODEL 100 8K EXPANSION
)08K. .. . • . . • • . • • $19.95 ea. or 3 lor $54.95

.dJC:I{I:I~I~OAI~I)
TANDY 1000

Expansion Memory
Half Card

Expand the memory of your
Tandy 1000 (128K Vers ion) to
as much as 640K. Also inc ludes
DMA contro lle r chip.

Inc ludes 256K RAM. • • • • • • $ 99.95
Includes 512K RAM•• • • • • • $119.95
Plug-in Clock option chip (only) $39.95

I-EM256K
I -EM512K
I-C

E-~P-A-N-DTRS-80 MEMORY
0./1kits come complete with documentation

-80 MODEL 4. 4p,& 40 64K1128K EXPANSION
:-64K-2• . . . .. . . . , . . . . . . .. . . .• . .. . $7.95
ne e Model 4 fro m 16K - 64K or Mod el 4 (Gate Array
on), 4P and 4D from 64K - 128K

'-64K-2PAL . . .• . • . . . . . ...• . . .. .• $14.95
lnd s Model 4 (Non-Gate Arr ay Version) from 64K to 128K

:SWARE300 Baud Modem
FOR VIC-20 AND e-64

nnects directly to User Port · Manual Answerl
• Function keys defined for convenience

:Iudes Mid west Micro Associates communi­
In software.
-1 (ForVlC-20 ondC-64) $a+.95 $24.95
External Power Supplies
:;-10 (ForC-64)• •• •• , ••••• $39.95
:;-128 (ForC-128)• •••• •••• •• $59 .95

RS232 Interface
ows connection of standard serial devices.

!32CM (ForVlC-2O,C-64&C-128·) • • $39.95
-Ope ration with the C-128 in 64 mode only.--

:S·80ITANDY~ COMPATIBLE
ACCESSORIES

:\V!
OMB

:20MB

TANDY1000
Multifunction
Board with

Clock Calendar
and the memory on your Tandy 1000 (128K Version) to as
;h as 640 K.Complete with an RS232 port . clock/calendar.
ADisk Prin ter Spooler and on-boa rd DMA contro ller chip.

AN-256K Includes256KRAM. . • . . . . . • $179.95
AN-512K Includes512KRAM. . . . ... • • $199.95

EW! Multifunction NEW!
Board for TANDY1000SX

256K Includes 256K RAM•• ••• $189.95

UV.EPROM ERASER

1l,_o__
lSes,lI EPROM, . Eru e s up to 8 chips within 21 minu tes
;h ip in 15 minutes). Maintains constant exposu re distance
1-. Special conductive foam liner eliminates static build-up.
ilt- in safety lock to prevent UVexposure.Compac t - 9.00"L
.70-W x 2.601-1. Complete with hold ing tray for 8 c hips.

E-4 UV-EPROM Eraser •• • • $69.95
VS-11EL Replacement Bulb••• • $19.95
:F-2 Cond.Foam 12x24x\ll Hard Blk. $ 8.95

Data Sheets - 50¢ each
Prices Subject to Change

$20 Minimum Order - U.S. Funds Only
Sh ipping: Add 5% plus $1.50 Insurance

California Residents: Add 6% , 6112% or 7% Sales Tax

We reserve the right to substitute IC manufacturers.

Send$1.00Postagefora ~----~------Jameco'"I-ISendS'.OO_ge'",.
FREE Seasonal Flyer VISA@ FREE 1987 CATALOG
FAX 415-592-2503 ~ :::::::::::::::::::::::::::::::::::::::::::::::::::: Telex: 176043

, 7/ 87 ~ ::::::::::::::::::::::::::::::::::::::::::::::::::::

1355 SHOREWAY ROAD, BELMONT, CA 94002 • PHONE ORDERS WELCOME 415-592-8097 e 1987 Jameco Electronics

CIRCLE 114 ON FREE INFORMATION CARD



Your Only Move Is To
MCM Electronics

MCM ELECTRONICS
858 E. CONGRESS PARK DR.
CENTERVILLE, OH 45459

A PREMIER Company

CIRCLE 87 ON FREE INFORMATION CARD

Make Your Move By Dialing TOLL·FREE 1·800·543·4330
In Ohio, 1-800-7624315 -In Alaska and Hawaii, 1-800-858-1849 ~
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10 & up 52.&0each
10 & up 53.OS each
10 & up 53,30 each
10 & up 53.50 each

LASER 128
N 399X-6000 $

Don't let the kids get bored this
summer - give them this afford­
able Apple-compatible computer!
Th e Laser 12S '" gives you the
best of both Ap ples at half t he
pr ice! It runs virt ually any He or
lie program- educational, business
or game. Built- in features include
128K RAM.32KROM w. Micro­
soft" BASIC.40/ 80 columntext
514" floppy drive, hi-res q raphics.
serial modern po rt, joyst ick!
mouse interfaces. And it's expan­
dab le! It suppo rts AG8 monitor s
& LCD displays, offe rs expansion
slots & mu ch more!

IDC Bench Assembly Press

~'> $1,~o9 aJlllIliI
' '-'''~Cu.tomc.bl•••r.qulck • • • • 'r

Thi s q uart er-to n man ual press is a rugg ed. practi cal installation too l
for low volume mass term inati on of vario us loC connecto rs on flat
(ribbon) cable. Interchangeable base plat es accommodate a broad
range of IDC connectors.

Cuners
• Flat cable (T-5261) $54.95 • Stripheader (T-52621549.95
Base Plates $29.95 each
• Eem ale socket tr ansiti on connectors (T-5 263)
• Cardedgeconnectors (T-5264) • OIPplugs (T-5265)
• Desub connectors (T·526 6)

Mini Drill Set (T-4751) $9.95 ~~For the hobb yis t, toolmaker or t echn ician.
Set contains 4 high-speed twist drills w ith 3
co llets, grinding bit, w rench. tommy bar &
DC pow er cable in a plast ic case.

Mini Drill Stand (T-4753) $12.95 ~
Fit s T·4751 drill (above) making clean,
accurate holes a cinch.

Dri ll & stan d shown.

TORX SCrewdrivers
. 08 (T-4208) 52.70 each
. 10 IT.42 10) 53.15 each
# 15 T-421 2) 53.40 each
.20 (T-42 14) 53.80 each

DSE has the tools you need
lor pro-quality projects!

Add on for complete flexibility• • • • •
Transmlnerwlth sensor (L-550 8) . . $24.95
8edsldeAlorm (L-5509 ) . .. $25.99
Remote Control (L-5512) $54.75
Emergency Dialer (L-5510) $99.75
Alerts National Central M on itor Station w hen alarm sounds.
Area Detector (L-551l) .. .. .. .. .. .. . .. .. 5125.00
Infra-red peopl e detector adds security.
Ala rm Slren (C-2705).. ..55.95

* Beginner ** Intermediate *** Advanced

Sa..e on StereoIiiiij.,""Satellite ,I

Recei..er KIf!

For a limi ted time only you can
get ou r Aus t ral is I Satellit e 10% off packag.
Receiver k it toqether with the ONL Y 105
Stereo Upgrade kit, saving $
$ 13 .95 off separate kit prices,

$ 118 . 95 Val u e! K-63 16/K-63 17

CLOSEOUT! Offer good w hile supplies las t.

R-E Reader's Special

Try Dick Smi th 's legend ary electro nics cou rse in a box! Th is set
includ es Fun Way Into Electronics, Volume 1, w hich introd uces electronics
term s & co ncepts in 20 ent ertaining proj ects. All parts necessary to
build any of th e proj ect s are inc luded as we ll as a re-usable plast ic
parts tray. All you'IIneed is a9V battery (try OSE. S-3286. $1.491) .

Introduce a youngster or nOlfice to
the exciting world of electronics!

FunWay Into Electronics * $1885
Gift Set (K-2605)

HFTranscelver Kit (K-6330) * * * $199.00
Any 500 kH z rang e w it hin 2· 30 M Hz; LSB. USB, CW; power output
30W PEP (SSB), 15W (CW); occupied bandwidth 8 kHz (±25dB);
harmonic suppression > 60 dB; receiver sensitiv ity > 0. 5uV (1OdB
S±N/N); selecti vit y 6dB @ 4 k.Hz. 60dS @ 7 kH z; image rejecti on
> 50 d 8; audio output 2W int o S ohms; IF impulse noise blank er.
80 m et er ver sion sup plied - call for info on blind upgrad~ packs'

Get on the air this summer with
a fantastic DSE transceiver kit.

UHF Transceiver Kit (K-6300) * * * $169.00
440-450MH z; 10kHz channel spacing (offset 5kHz); FM; lOW
output; 5kHz max. deviation (limited to 10kHz w ith 20dB overdrive
@ 1 KHz; 10% deviation at 3kHz); receiver sens it iv ity 0 .5 uV pd for
10dB sinad; selectivity 6dB @ 7.5 kHz.60dB @ 25kHz. 55dB @
50kHz; audio output 1W into S ohms; distort ion < 12 0% full y dr iven.
... r."'.... in 73 tor R.dlo Am.t.ura, Oct. 11185

VHF Transceiver Kit (K-6308) * * * $159.00
144-14 8 MHz; 10 kHz channel spacing (offset 5 kHz); FM; lO W
nominal output (15W max.); receive r sens it ivity 0 .5 uV for 12dB
quieting; selectivity60dB @25 kHz; full repeater capability(±600kHz).
... r."'.... In 73 tor R.dlo Am.t.ura, II., 11185.
NOTE: W~ cen't k~~p up with th~ aem s nd for this pop ular Australian kit, so
order now to insure th~ earl iest p ossib le aetivervt

SKILL
LEVELS:

Clo••d-captlon d.codlng I. for ....ryon.l

~~~i6n~tgr~~m~e~~r~_i~~~ ~~~:dt;i~~lf~t~i~I~~id~
narrati on . Th e National Education Associat ion and PTA have also
endorsed close d-capt ioning as an educa t ional tool! Since many
po pular children's progr am s are captioned. kid s can now develop
reading skill s & conf idence in the ir leisure hour s. With DSE's
Sup ert ext TC, low-cost decoding is available for everyone ! Thi s easy­
to-build kit uses licensed decoding tec hnology and requires only

~r~t~~~j~:1;o&~~dp~~d~:i~~et~~h~~~I~~~rsK~Erob40 ~$~~Jr5l~
Use power supply M-9526 ($6.9 5) or similar.

14-DaySatisfaction Gua,antee

~
~

-~
~

Apple-compatible monitor for Laser 128 (X-11301 $79 ~

Call for current prices & a ..allablllty of our
XT- and A T- compatible computer kltsl

:~;'~'~~~~~~'" o ,. ' '''~~~~,~~~~:~~!~ DlCKesM
ELECTRON

- ~ ICSITH ~~
DSE, P.O. BOX 8021, Redwood City, CA 94063 Mon· Fri 7am - 6pm Pacific Time
We sh ip UPS Ground unl ess otherwise reque sted . Add 5% of ord er tota l (rrun California Orders call 415-368-1066
$1.50 ) for sfup pmq Outside USA add 2096 (min $4) There IS an additional For information call 415·368-8849 EVERYTHING FOR THE ELECTRONICS ENTHUSIAST
$1 .5 0 handling fee. California residen ts please add sales tax VISA and
MASTERCARO welcome. Minimum orde r value $20 .00 To receive your copy of our colorful 1411 page catalog, circle Reader service 95

Daetron 4-dlgit Auto-range
Capacitance Meter

~:~~~~~ fr~-~ig~t1 ~~~o ~~9~~~~~~e~~::~
extended resolution; cak:ulates tru e capac...
ta nce; shows leakage; calculates tim e co n­
stant s; reads dielectric absorption; auto or
manual zeroin g.; sorts capacitors; identif ies
t ransistor ty pes & leads; calculates cable
length & much mor e!

Here's the meter you've
been waiting for!

Electronics Math (B-4007) $15.95
Ju st the right combination of practic al probl em s and theo ry makes th e
mathematic s of circuitry amazingly easy to und erst and & use. This is
the perfect text for student o r hobbyist as well as an easy-to- use
reference for the technician.

Illustrated Dictionary of Microcomputers
18-4006) $14.95
the 2 nd edition of the mo st current& com plete reference avail able on
mi crocomputer term s & concepts - complete ly upda ted & expanded
to include nearly 4000 new entries· over SOOO key terms in all!
Includes over 350 illustrations.

fhe Cellular Connection (8-3951) $9.95
~ a shopper's guide or owner's reference, this is an up-to-date, fact­
'ltled, easy-reading guide to the booming world of mobile telephones.
ncludes many pages of inf ormative illustrati ons & photographs.
-oamer access numbers, glos sary , & a look at the future.

IC Master 1987 Edition (B-4002) $130.00
The original and only complete guide to currently availabl e IC's,
microcomputer board s. development systems. gate arrays. & oth er
related com ponents of concern to the desi gn engineer or act ive
hobbyist is bigg er & better this year! Indudes expanded sections on
CAE/CAD technology, customlsemicustom products, military parts,
microcomputer board s. and surfac e mount devices.

ragl Antenna Design (8-2307) $15.00
lased on a series of articles th at o riginally app eared in H/lm Rlldio, thi s
nportant reference cov er s all aspects of th e design of high per­
arme nce Vagi antenna systems. Radio amateurs will find the th eo­
etic el & pr act ical data in thi s hardc over text extremely valuable.

987 RadIoAmateursCalibook(8-2187) $25.00
lorth Am eri can listing. 65th anniversary edition includes 4 7 8 . 2 6 7
censed Radio Amateurs and man y features.

ihortwave Radio listening
¥Ith the Experts (8-2315) $22.95
,WL'ers & nx'ers! This is the one book you need for your radio shack!
.earn t o identify various foretgn languages and for eign & local
«oadcests. locate elusive stations. and get man y other hand y tips
rom 25 seasoned listeners.

Logic Data set (8-4062) $24.95
~:~CJJ~~~/7~~C~e~~hies~~~0~~~~n8~(JSilfa~I~~6:~&6
famil y, M M54C174C famil y. CMOS , LSI and VL SI famli es. Previously
sold as separate volu mes. 8-4060 and 8-4061 are now availabl e as a
set at savings of ove r 15 961

~orld Radio-TV Handbook (8-2087) $19.95
he new 1987 edition of this practical guide to the world's radio &
llevision services features comprehensive country-by-country listings of
lng. medium, & short-wave broadcasters by frequency, t ime &
Inguage. and mu ch more!

IC Substitution Manual (B-400 1) $29.95
This is an essential reference for every w or kshop, lab, fa ctory or
design off ice that uses IC's. Find equivalents or substitutes for an
incredible range of Ie's identified by eith er manufa cturer or number.

Radio Direction

Finder Kit $99
K-6345

***H.re'sa ...~tlleIn.trument forworlc orplayf

:ro u bleshooting a RepaIring of MlcrO:'---"-'-_;=aoc=:ng~a~:e~~~ i~t~~~I~I~§Xi1::~:~;~~~~~~~~~.frg.Fc~~~~a~i~~5~~:::r~~
orocessor-bcsed Equipment (8-2376) $21.95 adjustable internal monitor speaker. stable digital circuitry. & self-

~~iC~o~~r~~:~~~:t~de~~~~~~~~~i~~~;~~~o\~~~~il~:~~~~ 91~g3n~n8c:;~u~~~(i ~i~~9~l ~;:u~~rf~::~~es~~~?~n~~~~I:~t~e~n~~
rlmost all devices controlled by microprocessors. Includes tricks & not included (try 4 x 0- 4 205, $ 15.50 each). Com pare with $ 500 &
arocedures for diagnosing, isolating & locating circuit faults. up for a simi lar com mercial unit - it' s a great value!

Video Production Guide (B-3984) $28.95
Become a video mogul! Thi s thorough t ext pro vides a broad
overvi ew of television production from the vie w point of the produce r
:t direct or. It covers studio & location work from pre- thr ough post­
production with emphasis on both technology & human organizatoo.

:;et the 'atest booles fo,
rumme, ,eadlng & ,efe,ence!
:n o w Your Oscilloscope (8-2003) $11.95
he fourth ed it ion of this classic text provides osciUosc ope users

:~e~~~ri~~~:~~ae~; ~x~~i:n~r~d~ ~~h~~sa~rcO~,P~~t~~a~
test hi-tech ' scopes, this book is perf ect for hand s-on learning.

Summer Fun starts at Dick Smith Electronicsl
Practical projects are lun Going away lor summer
to build & use! vacation? Don't leave

your home unprotected!

KEEPSAFER PLUS
L-5505 $349
In.''''' your own . y.te m ~Q$0'
for .af.ty" _"'ng. i::£J fIl
You can have vi rt ually all th e featur es & security of a professiona lly
installed security system at a f ract ion of the cost Wireless technolog y
means easy installat ion, and false alarms (from RF1) are prevented by
Keepsafers Bvbit digitally coded signal (w hich must be received by
th e co ntro l unit at least four times in less than one second to be
acknowtedged) . Thi s nation ally advert ised system consi sts of a
M aster Cont rol Console (with powe rf ul built-in alarm s), 3 sets of
Transmitter w ith sensors, & Remote Cont rol un it to ope rate the
syste m from anywh ere with in range of th e master conso le. You can
easily expand or custo m ize your syste m w ith addi t ion al Transmitter
w ith Sensor sets or othe r unique accesso ries!
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PARTS FOR YOUR PROJECTS AT EVERYDAY LOW PRICES!

(13)

---

(15)

Type Output Cat. No. Each

7805 5 VOC 276-1770 1.19
7812 12 VOC 276-1771 1.19
7815 15 VOC 276-1772 1.19

(16) 2200 I'F Filter Capacitor. 50
WVOC. #272-1048 3.49

(16)

(13) 120 VAC Power Transformers.
Secondary (CD Cat. No. Each

12.6 at 3.0 A 273-1511 6.99
25.2 at 2.0 A 273-1512 7.49
18.0 at 2.0 A 273-1515 6.99

(14) 6-Amp, 250 PIV Fuif-Wave
Rectifier. #276-1181 1.99
(15) LM317T Adjustable Voltage
Regulstor. #276-1778 1.99
Fixed Regulators. Rated 1 amp.

Let Shack® Supply
Your Power Supply

(6) Shielded 25-Posllion Hood. For EMil
RFI protection. #276-1536 1.99
(7) Mullipurpose Hood. Use as hood or
null modem foundation . #276-1520, 1.79

Type Positions Cat. No. Each
Male 9 276-1537 1.49
Female 9 276-1538 2.49
Hood 9 276-1539 1.99

Fig. Type Positions Cat. No. Each
3 Male 25 276-1547 1.99
4 Female 25 276-1548 2.99
5 Hood 25 276-1549 1.99

Subminiature "0" Connectors.

(17) (18)

SUbject Cal. No. Only
Timer ICs 276-5010 .99
OpAmps 276-5011 1.49
Optoelectronics 276-5012 1.49
Semiconductors 276-5013 1.49
Digital Logic 276-5014 1.49
Commun ications 276-5015 1.49

All books feature building tips and easy-to-read
schematic diagrams. Use these proven circuits
as starting points for your own desiqnsl

Mini-Notebook Series

Switch-A-Ramal

Fast Fuse Fixes

(17) Lighted SPOT Push-On/Off . 3
amps at 120 VAC. 12-volt lamp. ' /2" mtg.
hole. #275-676 5.29
(18) Automotive Switch & Lamp
Panel. Rated 6 A, 12 V. #275-703 . 2.99
(19) Submlnl Toggles. 3 A, 125 VAC.
SPST. #275-612, 1.89 SPOT. #275-613. 1.99

computer Hookups

(10)

(10) Pigtail Fuse Adapter. Easy!
Snaps over blown fuse , accepts
1'/4x '/4" replacement fuse . Ideal
for TV service. #270-1219 .. . 99¢
(11) Soldertess Holder. #270·1211, 991;
(12) Panel Holder. #270-365 . . . . 991;

(2)

Test Cable sets

Attention-Oetting
Sounds and Sights

' (8) ~

/ (9)

Set of 10. 14" leads, insulated clip
at ends. #278-1156 3.79
Set of 6 Heavy-Duty Cables. 40"
leads , claw-type clip at ends .
#278-002 3.79

(8) Trl-Sound Electronic Siren.
Creates three unique sounds at a
piercing 80 dB sound pressure
level. 3 VDC. #273-072 .. . . 5.95
(9) Green Flasher LED. #276-030, 1.19
RedFlasher LED. #276-036 .. . . 1.19

.79

.79
1.19

1.49
.99

1.19

Each

276-2417
276-2449
276-2466

Cat. No.

276-2401
276-2411
276-2413

4000-Series CMOS ICs
With Pin-Out and Specs

R5-232 Line Driver
ICs for Computer

Interfacing

4017
4049
4066

4001
4011
4013

Type

The MC1488 quad line driver and its com­
panio n rece iver provide a complete inter­
face between TIL and RS-232C.
MC1488 RS232 Quad Line Driver.
#276-2520 1.29
MC1489 RS232 Quad Line Rece iver.
#276·2521 1.29

Try Our Fast Special-order Service
• No Minimum Orderl
• No Postage Charge!
Your Radio Shack store manager
can special-order thousands of
parts and supplies not listed in
our catalog-tubes, linear and
digitallCs, modules, diodes, tran­
sistors, crystals, phono car­
tridges, styli and computer
accessories. Delivery time for
most items is one week. Come in
and order today!

Easy to Interface! Data Included

(1) SP0256-AL2 Speech - (2) CTS256-AL2 Text-to-Speech
Synthesis IC . Preprogrammed IC. Translates ASCII Into control
MOS device with detailed data . Re- data for synthesizer. Requires 10
quires 3.12 MHz crystal (special- MHz crystal (available via special-
order, above). #276-1784 12.95 order) . #276-1786 16.95

Add speech to Your computer
(1)

rrrmwrm'Ti

129
Each

Itadlo IhaeK
A DIVISION OF TANDY CORPORATION

Prices apply at participating Radio Shack stores and dealers

Memory
Storage!

9995

Bench Digital Multimeter

Pushbutton operation, accuracy and features
that compare with meters costing much more !
Full autoranging. High-contrast LC display plus
built-in 31-position bargraph . Transistor checker,
H'Etest, buzzer continuity. 211 11 6x 8 x 43/4': With
probes and manual. Batteries extra . #22-195

o

Dual-Tracking DC Supply

6995

Switchab!e
Volt/Amp Meter

Independent or
"Slave" Modes
Quality and performanc e you wouldn 't expect to
find at this low price-check the features! 0 to 15
VDC adjustable output, up to to 30 VDC in series
mode. Fuse protection, vented steel cabinet. 1
amp per side, max. UL listed AC. #22-121

...."-- .. -

Wireless Remote Control
System

Never Enter 3995
a Dark Housel

Turn lights and appliances on/off from driveway,
porch , yard, inside. Includes one 15-amp receive
module . Add up to 3 more Plug 'n Power~ re­
ceiver modules, any time. UL listed . #61-2675

Over 1000 Items In stock: Binding posts, Books, Breadboards, Buzzers, Capacitors, Chokes, Clips,
Coax, Connectors, Fuses, Hardware, ICs, Jacks, Knobs, Lamps, Multltesters, PC Boards, Plugs,
Rectifiers, Relays, Resistors, Switches, Tools, Transformers, Transistors, Wire, Zeners, morel
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CALL OUR BBS 415-261 - 4 5 13

Call o~ a cop~ of a~ ~ial a.~eemen . Tax &
f~ej aM ext~8,Se nd c hec k or add 1,90 for COD .
Pnce mll ~ c ha nae .Sto~e price ma~ diffe~.While
SUPPlies last . No POs, tums, er c~edlt ca r ds
$ 5 mi n pos tage and hand li ng charge .
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Ptacilic Cable .

OCTE Electronics .

McGraw Hi ll Book Club

Omn itron .

M icroprocessors Unltd.

Parts Express.

Pro Corp• .. . ..

Radio Shack

NRI.

NTS

Nuts & Volts . .

NuScope Associates.

PC Boards

M IDWEST!TexaslArkansaslOkla.
Ralph Bergen
M idwest Sales M anag er
Radio -Elect ron ic s
540 Fron tage Road-Su ite 339
North fi eld , IL 60093
312-446-1444

SALES OFFICES

EASTISOUTHEAST
Stanley Levitan
Easte rn Sales Manage r
Radio-E lect ro n ics
259-23 57t h Ave n ue
Litt le Nec k, NY 11362
718-428-6037, 516-293-3000

For Adver t ising ON LY 516-293·3000
Larry Steck ler

pu b lishe r
Arl ine Fishman

advert ising d irecto r
Shell i Weinman

advert ising assoc iate
Lisa Strassman

cred it manager
Chr ist ina Estrada

advertising assista nt

Gern sback Pub licat ions, Inc.
500 -B Bi-County Blvd.
Farm ingdale, NY 11735
(516) 293 -3000
President: Larry Steckler
Vi ce Presid ent : Cathy Steckler

PACIFIC COASTI Mountain States
Ma rvi n Green
Paci f ic Sales Manag er
Radio -Electron ics
15335 Morriso n St.-Suit e 227
Sherman Oa ks, CA 91403
818-986-2001
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Tan don
pcba 188400

$19~

PLANS-BuildYourself-All Parts Available InStock
• LC7- BURNINGCUnlNG CO, LASER .. . $ 20.00
• RUB4-PORTABLE LASERRAY PI STOL... 20.00
• TCCl-3SEPARATETESLACOIL

PLANSTO1.5 MEV 20.00
' IOGHONRAYGUN............... 10.00
• GRA1 -GRAVITY GENERATOR 10.00
• EML1-ELECTRO MAGNET COILGUNILAUNCHER ... 6.00

KITS
• MFT1K-FMVOICE TRANSMITIER3MI RANGE 49.50
' \wPM5K-TELEPHONETRANSMITIER3MI RANGE ... 39.50
• BTC3K-250.oo VOLT1()'14' SPARK TESLA COIL 199.50
• LHC2K- SIMULATEO MULTICOLOR LASER ... 39.50
• BLS1K-1OO.1lOO WAn BLASTERDEFENSE DEVICE.. 6950
• ITM1K-1oo.IlOOVOLT20'AFFECTIVE

RANGE INTIMIDATOR................. 69.50
• PSP4K- TI ME VARIANTSHOCK WAVE PiSTOL. ... 59.50
• PTG1K-SPECTACULAR PLASMA

TORNADOGENERATOR 149.50
• MVPIKSEEINDARKKIT.. . 16950

ASSEMBLED
• PG70H-MULTICOLOREO VARIABLE

MODE PLASMAGLOBE..7" 425.00
• BTC1D--50.IlOOVOLT-WORLO'S SMALLEST

TESLACOIL ..................................................... 44.50
• LGU4D--1MW HeNe VISIBLEREDLASER GUN .... .... 299.50
• TAT20 AUTO TELEPHONE RECORDINGDEVICE .. 24.50
• GPV1D--SEE IN TOTAL DARKNESSIRVIEWER 299.50
'lISnD--SNOOPERPHONE INFINITYTRANSMITIER 159.50
• IPG7D--INVISIBLE PAIN FIELDGENERATOR-

MULTI MODE .. .. 74.50

• CATALOG CONTAINING DESCRIPTIONS OFABOVEPLUS
HUNDREDSMOREAVAILABLE FOR $1 000RINCLUDEDFREE
WITHALLABOVEORDERS.
PLEASEINCLUDE$3.00PHON ALLKITSAND PRODUCTS
PLANSARE POSTAGEPAID. SENDCHECK. MO. VISA. MC IN
US FUNDS.

INFORMATION UNLIMITED
P.O. BOX 715, DEPl.RE,AMHERST, NH03031

CIRCLE 200 ON FREE INFORMATION CARD

IBM COMPATIBLE
FLOPPY DISK
CONTROLLER WITH
CENTRONICS PORT
printer as signmen t LPTI

MSDOS *BOOK SET 99
aUS ERS GUIDE $]5
aPROGRAMMERS REFERENCE
aDEBUG UTILITY

GET THE JUMP ON YOURCO-VORKERS BUY THIS
'3 BOOK SETANDLEARN "DOS" ATHOME. BECOME
THEOFFICE IBM EXPERT.*MSDOS IS A TRADEMARK
OF MICROSOFT. $2-h '0 0
DYSAN BRAND -r -
ALIGNMENT DISKS your choi«
a 224/A 5 INCH a '360-A 8 INCH
Analog recorded disks give p'recise head
a1ignme n r displ ay on your O' scope

S 'WI' S OPENiliconYalley urplus 1Oam- 6pm

415-261-4506 CLOSED
440 1 OAKPORT OAKLANDCA 9460 1 SUN& MON

IS YOUR CORD
TOO SHORT ?
DON'T HAVE TH E
REACH ? ( ) ~

, '1 '.
~~~~ A $4 9 9

12 FT IBM STYLE
KEYBO ARD CA BLE

This Mly sh ielded 5 ft cable wi ll extend to ove r
18 ft . The comput er en d has a 5 pi n DIN connector
to fit all IBM & clones. The ke v board en d h as a6
pin molex .I inch spac ing wit h mo vable wi r es to
fi t most keyboard brands . In st allation r eq uires
the removal and replacement of the keyboard case
some keyboards may r equir e soldering.

(J)
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Z
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YOU NEED
DISTRIBUTORS
FOR
JUST-IN-TIME •••

UD
EVEN MORE
FOR
JUST-IN-CASE!

Let's not get lost in the buzzwords.
Timely scheduling of component

deliveries is not new ... it's been at
the forefront of the growth of indus­
trial electronic distribution. Distribu­
tors have been stocking the quantity
inventories necessary to parallel your
production schedules for over a
quarter of a century.

But your distributor is more than
just a convenient, nearby source for
OEM product. Youalso count on
him to have on hand the important
single piece you suddenly need . . .
to locate those hard-to-find replace­
ment parts .. . to keep your lines
from shutting down for want of miss­
ing components.

Your distributor is your key re ­
source ... for just in time, for just
in case.

Why are we , as electronics man­
ufacturers, "pushing" distribution?
Because it's our way of serving you
better! It makes our wares more
accessible to more buyers; it speeds
our components to you faster than
we could deliver them. And by ex­
tending our sales, warehouse, and
credit capabilities, distributors help
us keep down our costs, and hence
your price!

The sponsors of this mes sage are
among over 150 members firms of the
Electronic Industries Association,
Distributor Products Division, all
committed to marketing throu gh dis­
tributors, because it benefits buyer
and seller. Want more informa­
tion? Contact Herbert Rowe, Senior
Vice President, EIA Components
Group, 2001 Eye Street, N.W.,
Washington, D.C. 20006. Telephone
(202) 457-4930.

Alpha Wire Corporation
Wire. Cable. Tub ing Connectors

AMP Incorporated
ElectricaVElectronic Connectors; IC Sockets; PCB
Switches

Amphenol Products
Arnph enol, Bend ix & Spectra-Strip Connectors. Cab le &
Cab le Asse mblies

Arrow Hart Division/Cooper Industries
Power & Contro l Switches

Belden Electronic Wire & Cable
Thermosetling , Thermoplastic Wire & Cable for Elect ronic
App lica tions

Carol Cable Company, Inc.
Electronic and Electrical Wire and Cable and Power
Supp ly Cords

Cornell·Dublller Electronics, Inc .
Cap ac itors . Relays. EMI Filters & EMI Systems Engineering
Services

Corning Glass Works,
CORNING ELECTRONICS
MLCC Capacitors (leaded) and Chips . Power & Glass
Capacitors. Fixed Meta l Film Resistors. Resistor Chips .
Resistor & Capacitor Networks (standard & customs) . and
Tantalum Capacitors .

DISTRIBUTOR
PRODUCTS
DIVISION

CTS Corporation
DIP Switches. DIP/SIP Resistor Networks. Hybrids. Clock
Oscillators. Crysta ls. Potentiomete rs & Rotary Switches

Dale Electronics, Inc.
Resistors, Netwo rks , Oscillators. Disp lays. Conne ctors .
Inductor s & Thermis tors , Electron ic Componen ts

Lamptronlx Co., Ltd .
Minia turelSubminiature . & incandesc ent & Neon Lamps

Matrix Science Corporation
MIL-C-38999 . MIL-C-24308 . MIL-C-83723 , MIL-C-5015 &
MIL-C-81714

Murata Erie North America, Inc.
Monolithics, Discs, Variable Capac itors; Potentiometers;
RFI/EMI Filters; Crystals; Osc illato rs; Piezo Alarms ; and
High Voltage Products

NTE Electronics, Inc.
Semiconductors, Flameproof Resistors, Wire-ties

Ohmlte/A North American Philips Company
Resistors, Rheos tats. & Control Comp onents

Perma Power Electronics, Inc .
Portable Sound System s, Amp lifiers . Power Line Surge
Suppressors & Multip le Out let Strips

Philips ECG/
A North American Philips Company
Semiconductors . Pic ture Tubes, Recei ving Tubes &
Chemicals

Potter & Brumfield
Electromechanical. Time Delay, & Solid State Relays;
I/O Modu les; Circuit Breakers

Quam-Nichols Co., Inc .
Loudsp eakers and Commercial Sound Products

RCA Distributor & S.P.Dlvlson
Electronic Parts, Semiconductor Devices. Receiving ,
Industrial & Picture Tubes, Video Tape & Accessories

SL Waber, A Division of SL Industries, Inc.
Surg e & Noise Sup pressor s. Uninte rrup tib le Power
Supplies. Multiple Out let Strip s

Simpson Electric Co.
Ana log & Digit al Panel Meters . Meter Relays. VOM·s.
DMM's, Electrical -Elect ronic Test Equipment. Elapsed
Time & Frequen cy Meters

Swltchcraft, Inc.
Switches. Connectors . Fiber Opt ic Connectors. Jac ks.
Plugs , Keyboards. Jac kfields & Audio Accessories

Waldom Electronics
Capacitors . Connectors . Hardware, PCB Accessories,
Relays , Switches. Lamp s/Lights, IC Socke ts, Terminals
& Tools



VISA

OR VISIT OUR RETAIL STORE
1256 SOUTH BASCOM AVE.

SAN JOSE, CA. (408) 947-8881
CIRCLE 59 ON FREE INFORMATION CARD

Autoranging. pen style design for the ultimate in portability a
aase of usa. Custom BO pin LSI chip increases reliability. Audi
continuity tester and data hold feature for added convenience
Case. t8S1leeds and betteries included.

• Basic DC accuracy: plus or minus 1
• DC voltage: 2v - 500v. au:oranging
• AC voltage: 2v - 500v. autoranging
• Resistance : 2k ohms - 2M ohms .

autoranging
• Fully over- load protected
• Input impedance: 11M ohm
• 152 x 28 x 17mm. weighs 75 grams

2 YEAR
WARRANTY

ON ALL
MODELS

2000 combines useful features and exacting
quality. Frequency calculation and phase measu re­
ment are quick and easy in the X-V Mode. Senrice
technicians will appreciata the TV Sync circuitJy for
viewing TV·V and TV-H as well as accurate synchroni·
zation of the Video Signal. Blanking Pedestals. VITS
and V8f'licle /Horizontal sync pulses.

• Lab quality compensated lOX probes included
• Buitt·in component tester
• 110/220 Volt operation
• X·V operation • Bright 5" CRT • TV Sync filter

COPYRIGHT t986 JOR MICROOEVICES
THE JDR INSTRUMENTS LOGO IS A REGISTEREDTRADEMARK OF JDR MICROOEVICES.

JDR INSTRUMENTS IS A TRADEMARK OF JDR MICRODEVICES.

ORDER TOLL FREE
+J~J~~!~s~~~~!~ 800-538-5000

(408) 866-6200 • FAX (408) 378-8927 • Telex 171-110

MODEL 3500 $499.95
11~~;~ii~~i1~~~~1' 35 MHz DUAL TRACE OSCILLOSCOPE

Wide bendwidth and exceptional 1mV I DIV sensitivity
make the Model 3500 a powerful diagnostic tool for
engineers or technicians. Delayed triggering allows any
portion of 8 waveform 10 be isolated and expanded for
closer inspection. Variable Holdoff makes possible the
stable viewing of complex wavefonns.

• Lab quality compensated 10X probes included
• Delayed and single sweep modes
• Z Axis intensity modulation
• X·V operation • Bright 5" CRT • TV Sync filter


