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NOW GET SCOPE, COUNTER
AND DMM INPUT ALL AT ONCE

THROUGH ONE PROBE!
-, r~ .' '7 n t: I
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Gated frequency measurement.
B sweep triggering during the
intensified port ion of the A sweep.
Intensified por tion frequency is
measu red with the coun ter/timer/
DMM.

• I ~I .-. ., q 8 r-l .•..... 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 accurac y.

.1 t r, t~
II 1.. ], J :;

Channel 1 de volts measure­
ment. The average dc compo­
nent of a waveform is measured
directly through channel 1 with
direct dig ital fluoresce nt readout .

The Tek 2236combines
100MHz, dualtimebase
scopecapability with
counter/timer/DMM
functions integrated into
itsvertical, horizontal
andtrigger systems. For
the same effort it takes to
display a waveform you
can obtain digital readout
of frequency, period ,
width, totalized events,
delay time and Cl-timeto
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 . Probe tip volts can
also be measured through
the Ch 1 input.

Precision measurements
at the touch ofa button.
Auto-ranging frequen cy,
period , width and gated
measurements are push­
button-simple. And the 2236
offers an independent float­
ing 5000 count, auto- rang­
ing multimeter with side
inputs for qc 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/div
Direct Ch 1Voltage Meas. 0.5% DC; 2.0%

ACRMS
Resistance : .oin to 200 Megfl
Continuity/Temp: Aud ible/COor FO

Totalizing Count er: - 1 cou nts to 8.000,000
Direct Freq . Meas: 100 MHz to 0.001% ace .
Period, Width Meas: tu ns with 10 ps max.

resolution
.001% (de lay and Ll-time with readout)

POp Auto, Norm , TV Field , TV Line, Sing le
Sweep

7.3 kg (16.2 Ib)

$2650

3-year including CRT (plus optional service
plan s to 5 years)

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

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

The2236: scope,
counter, timer, DMM

- plusa 3-year warranty
-all for just$2,650.

Contact your nearest dis­
tributor or ca ll 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 Tekdirect:
1-800-433-2323 for
video tape or literature,

1-800-426-2200 for
application assistance or
orde ring information.

In Oregon, ca ll co llect:
1-627-2200

1ektronoo
COMM ITTED TO EXCELLENCE

Copyright © 1986, Tektronix , Inc . All righ ts reserved . TTA-797

CIRCLE 92 ON FREE INFORMA TION CAR D
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If yo u ' re co nsidering bu ying a video
camco rder, you have a lot of decision s to ELlllI!

make. Do you go fo r a 8mm syste m or for a :~
VH S-C model? Perhaps even a full-sized . - I: * 1!ldf~ ~ 06"'" t'OC'K'

VHS camcorder would serve your purposes better with it s long re­
cordi ng t ime and compatibility with your present VCR. We've tak en
an in-depth look at th e video camcorder marke t . We explain all you
need-to know to- make an- intelligent -cho ice:-A pri ce- and - featu re
round up is included.

Our mod el is holding a Sharp VC-CSOUA VHS-C camco rde r w ith
features such as HQ circuitry, automatic focus, fiX power zoom wi th
macro fo cus, and more.

NEXTMoNTH

THE APRIL ISSUE IS
ON SALE MARCH 3

BUILD A ROBOT CONTROL COMPUTER
Now yo u can give yo ur robot some smarts.

BUILD AN ACID-RAIN MONITOR
You may be surprised at what you find.

SPREAD-SPECTRUM COMMUNICATIONS
Wh at it's all abo ut.

BUILD A COMMERCIAL ZAPPER
Now yo u can enjoy only th e mu sic you want to hear !

As a service to readers, RADIO-ELECTRONICS publishes available plansor information relating to newsworthy products.
techniques and scientific and technologicaldevelopments. 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-builtprojects based upon or from plans or information published inthis magazine.

Since some ofthe equipment and circuitrydescribed in RADIO-ELECTRONICS may relate to or be covered by U.S. patents,
RADIO-ELECTRONICS disclaims any liabilityforthe infringement ofsuch patents by the making, using, orselling ofanysuch
equipment or circuitry, and suggests that anyone interested insuch projects consult a patent attorney.
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- 8. Giveyourworkbench
~ .,. a touch of profession-
if-J.! J., alism with this oscillo-
, IS scope. Whether you're a

service technician or a hobbyist, you'll love
the wide range of measurement capability
our laboratory-grade Dual Trace 10MHz
Oscilloscope gives you. I 1

9. Add practicality t;~: :~.
to the utility room
and save money, too. / '
Avoidexpensive food
spoilage with our Freezer
Alarm that

That's exactly what your home will
be when you fill it with Heathkit elec­
tronic products - products that make
your life easier ana more enjoyable.
Within our diverse line are kit and
assembled products sure to enhance
each room In your home.

1. Make your entryway
more secure and easy to use
with the Keyless Doorlock.
You'llnever again be locked out
because of lost or forgotten keys.
Allit takes is a simple fingertip
entry of a four-digit code, and

the Keyless Doorlock unlocks your door.

2. Add a new
dimension to your
living room with
your own Comput-I••iilliii i
erized Weather
Station. This Digital Weather Station
displays up-to-the-minute temperature,
wind, and barometric pressure readings,
along with time and date.

3. Give your kitchen a
unique blend of style
and efficiency with our
Digital Wall Clock. This
easy-to-build kit keeps time
with quartz-crystal accuracy. And
with its simulated oak wood-grain finish
cabinet, you'll have a timepiece that fits into
almost any decor.

4. Put your den to
greater use with this
mM PC AT Compatible
Computer. Do word

_~ processing, personal
~ accounting and more

~ when you run exciting
ffiM-compatible software on

your fast and powerful HS-241.And you
can build it yourself in just a few hours.

5. Bring the latest
in digital tech­
nology to your
bathroom. This Dig­
ital Scale lets you closely
monitor your weight with electronic
precision. And, it's battery operated so
it's safe to use right out of the shower.

6. Add a video
entertainment cen­
ter to your bedroom.
Our 19"-diagonal
stereo TV kit gives you
an extra-sharp color­
corrected picture with full stereo sound,
and convenient viewing that you can con­
trol from your bed . Comes in a simulated
walnut cabinet that complements your
room.

Make your home
into something special!

7. Transform you warns you when the inside temperature of
rec room into a your freezer rises too high. Prevent water
haven for hobby damage with our Food Alarm that warns
fun. Put our Deluxe you of water that's where it shouldn't be.
QRP CW Transceiver in this room and en- 10
joy superb HAM radio operation that ex- ". Make yOU!
cells in performance and features. It offers co~mg and gomg
expandable transmission and reception easier than ever. .
capabilities. ;s Yourga:ag.e doo~WIll

open WIthIncredible
ease and dependability with our Deluxe
Garage Door Opener. Easy to install, this
opener is durable and includes a handy
security light.

You'll find fun and excitement with
every Heathkit product. Whether
they're in kit form or already as­
sembled, our products will help you
enjoy your home more than you
ever dreamed possible.



WHAT'S NEWS

New liquid-level sensor can be
used in harsh environments

An ext reme ly sens it ive liquid­
level senso r that operates in se­
vere temperature and/or radiati on
e n vi ro n me n ts h as be en d e­
veloped at Sand ia National Labora­
t ori e s (Albuqurqu e , NM
87185-5800).

Develop ed for use in a nuclear
energy research program, th e sen­
sor can be adapted fo r a wide
range of applicat io ns in whi ch liq­
uid-level changes rangin g from a
fraction of an inch to several feet
need to be monitored.

Its inventor s say that it could be
used in nuclear power plants that
typi call y use water to cool f ue l.
There also may be ways to use sen­
sors operating on that principle in
th e chemical and petroleum pro­
cess ing industries, where hi gh
temper atures and co rrosive en­
vironme nts are common .

The basic syste m includ es a
coax ial cable probe, partially sub­
merged in a liquid, and associ ated
elect ro nics and equipment, which
co mbine to provid e continuous
in formation.

The sensor determin es liquid
level by co mpa ring ce rta in fea ­
tures of th e elect romagnetic sig­
nals that are sent simultaneously
th ro ug h t ransm issio n lines co n­
tained in th e probe and in a refer­
ence lin e. R-E

ing a new bu siness, elec t romag­
net ic co mpat ib i l ity, says Frost &
Sullivan, a market research com­
pany th at is based in New York and
London.

Reason s other th an the fear of
political or eco no mic esp io nag e
are be h ind mu ch sh ie ld ing, of
co urse. In the computer-field es­
pecially, shie ldi ng is often neces­
sary to protect sensit ive eq ui p­
m en t and d ata f ro m harm ful
outside radiation .

sy in M oscow fro m electronic in­
vasio n by Sov iet age ncies. Now
th e White Hou se, th e FBI Building,
and such faciliti es as data process­
ing centers are shielded routin ely.

The urge for shie ld ing is creat-

A FO RM OF MAGNETIC RESONANCE scan­
ning, proj ection angiogra phy, makes it possi­
ble to meas ure blood flow to the brain.

Electromagnetic shielding a
billion-dollar business

" Shielded room" too k on a new
meaning in 1978, wh en the State
De pa rt me nt put up alu m in um
scree ns to shield th e U. S. Embas-

New technique checks brain's blood supply
Scientists at the Genera l Electric cedure, t he patien t is positi on ed

Research & Deve lo pme nt Center, w ithi n th e 1-meter bore of as-ton ,
Schenectady, N Y, have demon - dou ghnut-shaped supe rco nduct-
strate d that a new magnetic-reso- ing magnet whose magnetic fi eld
nan ce co m pute r- imag ing t ech - is 30,000 times st ro nge r than th e
niq ue , called proj ecti on angiogra- th at of th e earth's. The pati ent is

.p hy, c aru.b e.cu se d t oc.m a k e.cLthen probed w ith-high-frequency
no n i nvas ive m ea surem ents of radi o sig nals. Under th e magneti c
blood flow t hrough t he veins and fie ld's in fluence, th ose signals "ex-
arte ries of the human head and cite " hydrogen atoms in the blood
neck . The new technol ogy co uld and ot her body organs, caus ing
play an important rol e in the di ag- th em to resonate . The resonance
nosis and treatm ent of st rokes and signals are picked up by an ant en-
other co ndit io ns wh er e knowl- na and retransmitted to a spec ial-
edge of the blood fl ow to the brain pu rp ose comp uter th at co nve rts
is important. the data into a picture of th e object

In magnetic reson ance imaging, bein g imaged.
a powerfu l magnet ic f ield , radi o GE's ne w techniqu e mak es it
waves, and compute rs are used to possible to distingui sh between
inspect in ternal body organs and sig na ls given off by th e movin g
structures . In t he im aging pro- atom s in the blood stream and

th ose given off by th e motionless
hyd rogen ato ms in bod y o rgans.
The signals f rom th e movin g ato ms
are hi ghlighted so th at the inten­
sity of the di splay ed im age varies
proportionally with speed.

If a blood vessel is not as bri gh t
as it should be, the blood is f low­
ing sluggi shly, indicating th e pres­
e n c e of a di se ase s u c h as
arteri oscl eriosis that is narrowing
the passage. Arteriosclerosis can
clog a major blood vessel, inter­
ruptin g blo od flow, which can
cause severe and permanent brain
damage, resulting in paralysis, loss
of speech, impaired reason in g, o r
death. Earl y detecti on by magneti c
resonance im agin g could prevent
many death s and limit th e ti ssue
damage du e to suc h cond it io ns.
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JE215 Adjustable Power
Supply Kit
~

........... ."" ....................

RS232 25 Contact
O-Subminiature Connectors

Wire Wrap Sockets/
Header Plugs/Covers

Linear Taper
Potentiometers
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Miami. • . • . . . Dharamdas Sons

~~~~. Park. . . . .... 'C~~::~
Pensacola ~~ Electronics
Tampa . • . . .....• leaderElectronics

ALABAMA
.. J.L S. Electronics
. . W&WBectronics

....... . ATM Electronics

..•. Handey's Elect center

ALASKA

~~e~age .:':' : .~~~~C~~Po~~:
ARIZONA

. .. B&SElectronics
.. . Electronk City
. Yuma Electronics

ARKANSAS
li ttleRock. ... . , . Arkansas ElectronicSupply

CALIFORNIA
Anaheim. . . . . RF. 8 ectronics
Atascadero. • . . . • .. , ... • Coast Electronics
Berkeley• • • , • • AI Lasher' s Electronics
carpinteria .. • . Electronic Resources
Chico. Payl.ssWh~es~.
Chico.. . . . . TheBectroOiCS Wherehouse
Chula Vista , • . lion 8 ectronics
Coocqrd. . . . . ... PacilK:N~ley Elect""ics
Costa Mesa. . . ... Mar-Vac BectronlCS
Covina. . . . . . . G&H/AMCOElect.Supply
Cucamonga. . . ...... .•. Abletronics
Dublin. . . . PacificNalleyElectronics
Eureka. . . .•.• Red'MXJd Electronics
Fontana •.. Fontana Electronics
Fresno. . . . . . . . . • . , , , . Sparky Electronics
Fresno. . . . . Whitcomm Electronics
Glendale. . . Eagle Electronics
Go~ta Bill's Stereo
Half Moon Bay Strawftower Elec.lRadio Shack

=ra~i~rderis : , , 'Ga~: ~I~~I~
Hollywood. . Pacific Radio Exchange
Inglewood. . .. . .. • . . . Inglewood Elect
l ompoc. . . . l &HElectronic Emporium
LosOsos. . ..• Coast Electronics
Merced. . . Rick's Electronics
Modesto. , . Inland Electronics
Mon1frey. .. .. .. .. lack ,

~~~~~. ' . '. ' . '. '. ' . ' , ', ' , ' . ' . '\Vi~~ ~~:~
Oakland , . , .•.. Brilt Electronics
Dakland PadlicNalley E1ectrooics
Oakland. • . . . •• Wenter Electronics
Oceanside. . . .. . Electronic Genter

~~ftio. '. .... ,,,cali~~~ ~~~l~
Pasadena. . ..••...•• . DowRadio

=~IPe. • . . , , .• '. . • 'Outback~~~=
Sacramento. Gal-CentronElectronics

~~::~~: '. '. , ., " '. ~~~~~tr~a1 r~5 ~\:~~
Sacramento .•. MarVac's Galif. Radio Electronics
Sacramento. . , , ZacklSacramento
san carlos J&HOUtlet
San Francisco, , , • , . zack Electronics
SanJose. . , Schad Electrooics
sanJose.. . . UnitedRadio and TV
Sanluis Dbispo. Coast Electronics
san l uis Obispo. Mid State Electronics
San Rafael. ..• , , , , . , . ElectronicsPlus
SanYsidro. . . . .. Electronica Central
santa Cruz. . ...•• , .. Santa Cruz8 ectronics
Santa Maria . • . . . . Electronic Parts Scpernan
Santa Rosa PadflClValley Electrooics
SCotts Valley. . . santa Cruz Electronics . 2
Stockton. . . . Eal-Centron Electronics
Stockton. . . Raebourn 8 ectronics
Torrance. . . Signal 8eetronics
Torrance. • . . TorranceElectronics*Val~jo. . . Zack'
VoIestminsler. JK Electronics
Willows. COBCOElecuoncs
*1ST JIM-PAK DISTRIBUTOR 9/6 /77

• Quality Components • Competitive Pricing • Instant Delivery
JIM-PA K • 1355 SHOREWAY ROAD· BELMONT. CALIFORNIA 94002 • TELEPHONE (415) 595-5936 • FAX (415) 592·2503 • TELEX 17604 3 • DISTRIBUTOR INQUIRIES WELCOME
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VIDEO
NEWS

DAVID LACHENBRUCH,
CONTRIBUTING EDITOR

• CD's go video. The digital audio Compact
Disc, or CD,was originally an offshoot of Philips'
development of the laser videodisc. The audio CD
itself has given birth to several offspring.
Perhaps the most prominent of those is the CD­
ROM, which provides vast amounts of storage for
computer data. Also on the w8(f is an interactive
CD, called CD-I.

Bu t the lat est development will bring the CD
full circle. It's called Compact Disc- Video, or CD-V;
for short, and contains video as well as audio
material.

Philips recently held private demonstrations of
their CD-V for movie and record-company
officials in New York and Los Angeles. The CD-V
shown provided five minutes of analog video and
up to 20 minutes of digital audio on a 4 .75" CD.
The video is recorded on the outside part of the
disc; the audio is recorded toward the center. The
CD-V is compatible with the all-audio CD-that is ,
the CD-V player can play an all-audio CD. In
addition, Philips is preserving compatibility with
videodisc players. The company says it plans to
issue 8- and 12-inch CD-V's that, in effect, will be
the same as Laserdiscs but with digital sound
tracks. Analog audio tracks will also be retained
to preserve compatibility with existing
Laservision players. Pioneer is already selling
players that can play standard audio CD's as well
as 8- and 12-inch discs with digital audio;
therefore, Philips, in effect, has invented
something that is on the market already.

Although there have been discussions on
setting standards for CD-V; Philips apparently
chose to go ahead on its own with the
demonstrations. Publicly, the company said they
were for informational purposes only, but
observers at the demonstrations were told that
machines and discs were due in late 1987 or early

~ 1988.
z Philips' efforts have met with some criticism. A
~ highly placed Sony Corporation of America
o official said that no standards had been adopted
~ for CD-V and that Sony opposed the Philips
w6 system because, unlike the other CD systems, it
15 was not compatible with the three int er n at ion al
~ television standards ( NTSC, PAL, and SECAM).

6

Therefore, CD-V's developed for one standard
could not be used with players of the other two.
The same official charged that Philips' system
represented an attempt to "r ecoup its enormous
investment in Laservision." Sony indicated that
the development of true standards for a CD-V
system would take more than a year.

• 8mm video's potential. Although
companies backing the VHS format officially
oppose the adoption of the new 8mm video
format, most Japanese companies are doing quiet
research on the potential of the 8mm system.
Because the system was developed by a
committee of engineers from a large number of
companies in the video industry, it was designed
with built-in flexibiltty and potential for
improvement.

For instance, although the new VHS-C
camcorders are just about as compact as the
8mm versions, the latter have potential for
startling further size reduction. VHS-C, on the
other hand, probably has gone about as far as it
can go in miniaturization. The reduction in the
size of the VHS-C transport was accomplished
largely by reducing the size of the head drum by
almost half and increasing its speed. Further
reductions in size appear not to be feasible. On
the other hand, the full-size 8mm head drum
starts out considerably smaller than that of the
VHS system. Those exploring 8mm's potential
point out that its head drum could be reduced in
the same w8(f as VHS's . Further, because of the
design of the 8mm cassette, a reduced-size head
drum virtually could be fitted inside the cassette
itself.

Other future 8mm developments can only be
hinted at. The system, of course, has an option for
a digital-audio track, and some 8mm VCR's can be
u sed as digital-audio recorders by recording
sound on six tracks, with no video. What if one or
more of those audio tracks were used for digital­
video information? One result could be still
pictures with sound. Another possibility is up to
six simultaneous digital still-video tracks, with
the user switching from one to any other by
means of a wireless remote control. R-E
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Input Max. Voltage: 400V
(DC+pos. peakAC)

Mode: Normal, search, delay

9020 20MHz Delayed
Sweep Oscilloscope
5495.00
Vertical Accuracy: ±3%
Time-based accuracy: ±3%
Input Impedance: 1Mohm
35pF (2%)

Sweep Delay Ranges:
10,1,0.1ms;10,1,0.1l's

Beckman Industrial Corporation. Instrumentation Products Division
Asubsidiary ri Emerson Electric Company
630Puente Street.Brea, CA 92621
(714) 671-4800 • FAX, (714) 671-4874 • rtx, 188790
©1986Beckman IndustrialCorporation

locate andreturn trace to view regardless
ofcontrol settings. And switchable X1/X10
probes give you more sensitivity for low
frequency measurements, less circuit
loading for highfrequency measurements.

For real value, combine the 9020 and
Scopemate 2 for performance and flexi­
bility unmatchedby systems costing
Sl,500 or more. For less thanSl,OOO.

Both Scopemate 2 andourCircuit­
mate Model 9020 illustrate a simple com­
mitment by Beckman Industrial-to
provide service testinstruments thatmeet
your needs. Whether through advanced
technology or value-orientedapplications
ofproven technology, Beckman Industrial
gives you therightfeatures at theright
price, with service test instruments built
torigorous standards of quality and
reliability.

Visit your Beckman Industrial
distributor today andfind outhow the
ruggedly reliable Scopemate 2 and the

9020 Oscilloscope can meet your
needs. And why they offer the best
value around. By comparison.

•ieervice
ents,

~reTheOne.

Test Sockets/Interface: 20and 40-pin ZIFIC sockets;
banana jacks

Test Method: Direct Visual Comparison (known good
vs. device under test)

PinTest selection: Push-buttonswitch per pin.

Power: 120or220VAC, 50/60Hz, 5VA max. (specify)

Circuit Test Voltage/Current: 14VAC RMS (voltage,
approx.); 300I'A AC RMS (current, approx.)

Beckman Industrial Circuitmate" Model
9020 offers capabilities seldom found on
otherscopes costing less than 5500.

Proven capabilities suchasdelayed
sweep for easy bandwidth analysis, zoom­
in for short-duration events, a variable
holdoff function for a stable display of non­
periodic signals- even beamfinding to

Scopemate 2™ IC/Component Tester
5495.00

II
IliM II .. . ON

Now you can economicallytest all
types of analog, digital and hybrid
components- includingresistors,capaci­
tors, diodesand ICs with upto 40 pins­
usinga simpleX-Y oscilloscope. In the
field or on thebench, in-circuit or
out-of-circuit. Without tedious pin-by-pin
orcontact-by-contact testing.

It's madepossible by Scopemate2"1
from Beckman Industrial. All it does is
plotvoltage vs. current.Just a loteasier. A
lot faster. -

Scopemate2 compares components
known tobe good with those to be tested,
givingyou a very accurate andfastway to
identify bad devices. The voltage vs.
current plot from a knowngood device is
compared to thedevice under test. Infact,
since there's nocomplex numerical test
data to interpret, Scopemate 2 isideal for
less experienced personnel.

And, at 5495 it doesn't take too long
to figure that Scopemate 2may pay for
itself in saved testing time. Real soon.
Scopemate2 comeswith a simple yet
comprehensive operator's manual, a
complete set of leads, interconnect cables
andplug-in transformer.

Although Scopemate 2will work
with justabout anyX-Y oscilloscope,
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CIEMAKES THE
ORlDOf

ELECTRONICS
YOURS.

Print Name _

C ity State Z ip _

Age__ AreaCode/Phone No. _

Check box for G.I. Bulletin on Educational Benefits ARE-56
o Veteran 0 Active Duty MAIL1ODAY!
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Apt. _Add ress _

C IE Cleveland Institute of Electronics
1776 East 17thSt. . Cleveland . Ohio 44\14

YES! I want to get started . Send me my CIE school catalog including
details about the Associate Degree Program . I am most interested in:
o computer repair 0 television/high fidelity serv ice
o telecommunications 0 medical electronics
o robotics/automat ion 0 broadcast engineering

o other _

withwhatyouknow, a littleor a lot, and yougo
whereveryouwant, as far as youwant. WithCIE,
youcanevenearn your Associatein Applied
ScienceDegree in ElectronicsEngineering
Technology. Of course, youset yourownpace,
and, ifyoueverhave questionsor problems, our
instructorsare only a toll-freephonecallaway.

The first step is yours_
Tofindout more, mail in the couponbelow. Or, if
youprefer, call toll-free1-800-321-2155 (inOhio,
1-800-523-9109). We'll senda copyofCIE's
schoolcatalogand a completepackageofenroll­
ment information. For yourconvenience, we'll
try to have a representative contactyoutoanswer
yourquestions.

I oday'sworld is the worldofelectronics.
Tobe part of it, youneedthe right kindof

training, the kind youget from Cleveland
Instituteof Electronics, the kind that can takeyou
toa fastgrowingcareer inbusiness, aerospace,
medicine, science, government, communica­
tions, and more.

Specialized training_
You learn best from a specialist, and that's cm.
We'rethe leader in teaching electronicsthrough
independentstudy, weteachonly electronicsand
we'vebeen doing it forover50 years. You can put
thatexperienceto work foryoujust like more than
25,000 CIE studentsare currently doing all
around the world.

Practical training_
You learn best with practicaltraining, so CIE's
Auto-Programmed" lessonsare designedto take
youstep-by-step, principle-by-principle. You also
get valuablehands-on experienceat everystage
withsophisticatedelectronicstools CIE-designed
for teaching. Our 4K RAM Microprocessor
TrainingLaboratory, forexample,trains you
to work with a broad range of computers in a
way that workingwith a single, stockcomputer
simplycan't.

Personalized training_
You learn best with flexible training, so welet you
choose from a broad rangeof courses. You start
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WRITE TO:

ASK R-E
Radi o-Elect ron ics
500-B Bi-Co unty Blvd .
Farmingdale, NY 11735

tween 88 and 174 MHz. The nine
channels are us ually desi gnated A
through I.
• Super-band-includes frequen­
cies between 216 and 300 MHz.
The fourteen channels are usu ally
designated J through W.
• Hype r-band-seve ra lchannel s
between 300 and 402 MHz .

In most cases , the cable compa­
ny supplies the converter bo x (and
descrambler, when need ed ) to
feed the cable signal into either
channel 2, 3 or 4; channels are se ­
lected by contro ls o n th e front
panel of the converter.

A cab le-ready set does not re­
quire a converter to rece ive th e
basic CATV se rvice . The set has an
elec tronic tuner that can be
switched to receive a ll, or nearl y
all the channels likely to be used
by a CATV company. A105-channel
cable-ready set covers twenty-two
channels, in addition to the eighty-
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UNDERSTANDING CATV
LINGO

Please translate the hodge-podge
of terms used by the Amer ican ca ­
ble-TV industry to descr ibe the ir
bands and frequency allocations.
Here in West Germany,-the-EATV- ­
channels are 7 MHz wide, and the
allocations are 118 to 174 MHz,
Cha nnels S3 through S10,130 to 300
MHz, Channels Sll through S20.

I'd like to have the same type of
information on American cable TV.
Some of the terms used are Mid­
band, MID A5-Al, Super J-W, Hyper
AA--ZZ, 105-channel cable-ready,
and 137-channel cable-ready.-H.
N., APO New York.

Many channels are avai lable to
the CATV companies; they're lo­
cated above a nd between the
channels usually used for our off­
the-air fare . In all but the simplest
CATV syste ms, a converter must
be used to process the incoming
cab le-TVsignals so they can be fed
to the TV set. Usually, cable co n­
verters provide output signa ls on
standard TV channels 2, 3, or 4.
Mo st companies have "p re mium"
channel s that cannot be viewed
unless additional fees , above the
standard monthly rental , are paid .

In some cases, the program is
scrambled at the source and a de­
coder or descrambler is needed to
view the program. In other case s,
the premium channel is filt ered
out in th e "d ro p" line feeding the
cable subs c ribe r's home.

In add it ion to the lo w VHF
(Channels 2 through 6, 54 to 88
Mhz), FM broad cast band (88 to 108
MHz ), hi gh VHF (C h a n n e l 7
throu gh 13, 174 to 216 MHz ), and
UHF (Channe ls 14 throu gh 83, 470
to 890 MHz ), ca b le compani es
have availab le seve ral bands of fre­
quencies , including :
• Mid-band-frequencie s b e-

B

I ~ D

~---d---~

FIG. 1

T
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two availab le fo r off-the-ai r te le­
cas ts . Th e 137-c ha n ne l se ts
provide fifty-fo u r additional cha n­
ne ls of programmin g.

The CATV syste m in my area of­
fers "S u pe r-Bas ic" fo r $13.25 a
mon th . Th eir lin e-up includ e s
twenty-nin e c ha n ne ls, including
fou r premium ch ann els. " Ho me
130 x O ffice " (1113 0 , a movie ser­
vice) is tr apped out at th e "d rop"
fe eding th e s ubsc ribe r's hom e .
" Pre m ium Mov ie s ," "The Movi e
Ch annel ," and "The Disn ey Ch an­
nel " ar e sc ra m b le d; to re ceive
th em , th e subscribe r mu st re nt a
de scrambl er for a n a d di t io n a l
$9.00 per month .

HELICAL RESONATOR TRAP
I enjoyed the article on TV de­

scrambling in the June 1986 issue
and became particularly interested
in the method of scrambling by in­
troducing a RF carrier as deliberate
interference. Our local cable com­
pany uses that method of scrambling
HBO on Channel 4. Following the
author's suggestion, I can obtain a
reasonably good picture by con­
necting a quarter-wave section of
300-ohm twin-lead across the line.
The author also mentioned using a
helical resonant cavity made from a
coffee can and a few feet of copper
tubing. Now I'm totally confused.
The interfering signal has a wave­
length of about 4.2 meters, so the
dimensions of either a cylindrical or
a rectangular resonator should be
similar. Evidently, the key word is
"helical." Can you refer me to any
literature describing the design of
that type of resonator?-T. J. K., Co­
lumbia, sc.

Figure 1 shows the physical de­
tails of a helical reso nato r. Wh en
the inner co nd ucto r is wound into
a hel ix, a resonator with a Q rang­
in g in to th e thou sand s ca n b e



Lets You Select from a Menu and • Four Reference Guides.
Provides Clear On-Une Instructions If • Four Software Programs: Two X-Cel'"
You're Confused About Your Next Step. Training Disks, Two Diagnostic Disks,

Complete Tutorial Software and GW'"-Bt>SICInterpreter, and MS'"-
Manuals Included: DOS/ScreenMate'" Operator's Guide.
• "Getting Started" Booklet. • Twenty Blank Disks.

Over 150 Service Centers Nationally.

Manufacturer's Umlted 9O-Day Warranty on Parts/Labor.
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XEROX®COMPUTER FOR BUSINESS, AND PERSONAL USE!
XEROX~••• The Name You Can Trust!
For over 20 years, Xerox~ has been the
world leader in office automation and copy­
ing equipment They have set standards that
others can only imitate. The Xerox~ 6064
Personal Computer was designed to meet
the demands of business, professional, and
personal computing today, and into the
future! We are proud to offer this complete
Xerox~ System at a remarkably LOW price.
Compare foryourself ... then buy your Xerox~
6064 from C.O.M.B.!
Get the Xerox~ Advantage! The Xerox~

PC offers you the advantage of running IBM'"
'compatible MS'"-DOS, so you can run the
hundreds of business and professional soft­
ware programs available today! And the
Xer.ox~ PC is easy to use! It'lLdesigned to ge_t_
you up and running as quickly as possible
with computer-aided instruction and supe­
rior documentation covering all aspects of
personal computing.

Xerox~•••Service You Can Count On! If
you 're cons idering an IBM'"-compatible,
don't be misled by price alone! The system
we are offering is a complete system.. .very
easy to hook up and use...and very afford­
able. But more than that, each system we sell
is backed by Xerox~ service and support
When you buy this system, your name and
computer's serial number is automatically
registered with Xerox~. Should you need
service or advice, a network of over 150
service centers stands ready to help you.
Before you buy ... compare! Xerox~ is your
best value! Check all these features:

• IBM'"-PC Compatibility.
• Standard 83-Key PC Keyboard with

Mouse Interface (Mouse Not Included.)
• High-Resolution Monochrome Monitor,

with 10" Diagonal Non-Glare Screen,
Swivel and Tilt Housing.

• Two 5W' Floppy Disk Drives.
• 256KB Memory. 8MHz Intel 8086-2

Microprocessor for Faster Speed, Less
Waiting Time.

• Seven Expansion Slots, Serial Port for
Communications or Printer, and Parallel
Printer Port

• Comes with ScreenMate'", a User
Friendly Guide to the Functions of the
MS'"-DOS Operating System.

• Menu Driven...No Need to Remember
Complicated Commands! ScreenMate'"

Toll-Free: 1-800-328-0609
SEND ME THE ITEMS I HAVE LISTED BELOW

Sales outside 48 cont iguous states are subject to
special conditions. Please call or write to inquire .

Credit Card customers can order
by phone, 24 hrs. a day, 7 days a week.
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ZENITH: Z-TAC ClbleAdd-On• • ••••••••••••••••••• '199. 11

MISCELLANEOUS

JERROLD: JRX-3 DIC-38 Channel Corded Remote•••• • '149."
JSX-3 OIC-36 Channel Set Top ••••••••••• '129."
SB-3- 'The Rell Thing' • • • • • •• • • • • • • • • •• '119.II
SB-3A-4 port .. ... ... ................ ..• $99.99

CABLE TV__*__S~ECIALS *_
CONVERTERS

density on t he surface.
Because of the complex ity of th e

way those vari abl es inter act , we
cannot give comp lete de sign de­
tai ls here. But , fo r example, using
rough calculat io ns from available
data, t he in sid e di am et er of a
shie ld fo r a Channel-4 heli cal-res­
o na tor tra p ca n ra nge f ro m 6
inches (fo r an unloaded Q of 2000)
to 0.4 inch (for an unload ed Q of
abo ut 180).

For complete helical resonator
design data, see one or more of
the fo llow ing:
• "Coaxial Reson ators wi th Hel i­
cal Inn er Conductor," W. W. Mac­
alp ine and R. O. Schi ld necht ,
Proceedings of th e IRE, December
1959, pp 2099-2103.
• " He l ica l Reson at or D esi gn
Chart," W. W. M acalpine and R. O.
Schi ld necht, Electronics, Au gu st
12, 1960, pp 141-144.
• " He l ic al Reson ator Design ,"
Law ren ce E. Stos ko pf, 73 Maga ­
zine, Dec. 1973, pp 49-52.
• "Taking Out th e 2-M eter Gar­
bage, " Donald R. Mol en, QST,
June 1972, pp 48-50.
• "A Review of Transmi ssion Lines
As Ci rc u it Elem en ts, " W il fred
Jen sby, QST, Nov. 1966, pp 34-39.
• "Coaxial Tank VHF Filter s," Ed­
ward Tilton, Q ST, O ct. 1964, pp
11-15.
• "Two-Stage Cavity Filter fo r Two
Meters," Stirl ing M. Olberg, Ham
Radio, Dec. 1973, pp 22-25.
• " Li nes and Resonators with
H eli cal Inn er C o n d ucto r,"
Referen ce Data fo r Radio Eng i­
neers, 4th Editi on , pp 600-603.

O the r vari ables involved in the
design of a heli cal resonator are:
• b-axial len gth of co il in in ches
• d-mean dia meter of co il
• do-conductor di ameter
• T-center-to-ce nter spaci ng of
turns
• Zo-characteristi c impedance
• &---skin depth

Ski n dep th is a fr equen cy-de­
pendent facto r that is the de pt h
below th e surface of a co nd uctor
wh ere th e current den sity has di­
minished to 1 neper of the current

achieved , D uring devel opmen tal
studies o n th e device, resonato rs
we re b ui lt t hat o pe rate d at fre­
qu encies rangi ng from app rox ­
imate ly 2 M Hz (in a 7- i nc h
diameter shield) to 1000 MHz (in a
O.7-inch d ia m ete r sh ie ld). Un ­
loaded Q ranged fro m 400 to 2000.

Unloaded Q is abo ut 50 times
the shie ld d iam et er (i n in ch es)
t imes the square of th e reson ant
freq uen cy (in M Hz). Shie ld length
(B) is abo ut 30% greate r than diam­
ete r (D).
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with Parental Lockout. • • • • • •• • 99.II
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OAK: N-12 Mini-Code. • • • • • • • • • • • • • • • • • • • • • •• • 89. 11

N-12 Mini-Code Vari-5ync • • • • • • • • • • • • • • •• '109.11

N-12 Mini-Code Vari-5ync Plus Auto On-Off •• '165."

JERROLD: 400 & 450 Handheld Transmitters. • • • • • • • •• • 29.11

HAMLIN: MLD·1200 • 99.11

NEW ITEMS: IRlpco Tape Copy Stabilizer 1149.95 I
Scientific Atlanta. • • • • • • • • • • • •• Call for Price

OAK: E-13Mini-Code Substitute $ 79.95

E-13 Mini-Code WlVari-Syn... •........... $ 89.95

AU UNITS GUARANTEED. QUANTITY PRICES AVAILABLE.

UNITED ELECTRONIC SUPPLY
P.O. BOX 1206 • ELGIN, ILLINOIS 60121 • 312-697-0600

MORE ON PEST REPELLERS
An article in your July 1985 issue

discussed ultrasonic pest repellers.
The author mentioned several de­
vices andtheir prices. Can you pub­
li sh the addresses of sourcesof these
devices?- T. A., Nicolet, AI.

The autho r says that he saw th e
three devices menti on ed in the ar­
ticle advertised rece nt ly, bu t did
not note names or addresses. Re­
cent ly, however, a repell er called
Super Bug-Away has been adver­
ti ser! o n stat io ns carry ing CNN
pro gram s in t he ea r ly morn in g
hours. The Bug-Away costs $29.95
plus $2.00 postage and handling.
Call 1-800-367-2400 fo r inf.ormat io n
and literature.

co ntinue d on page 89
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TAKE THIS
GIANT $86.50
HANDBOOK FOR
ONLY $14.95•••
When you ioin the Electronics and Control
Engineers' Book Club®
You simply agree to buy 3 more books - allat substantial
discounts - within the next 12 months.

- STANDARDHANDBOOK FOR ELEaRICAL ENGINEERS,
12th Edition.
Edited by Donald G. Fink and H. Wayne Beaty.
* 2248 pages, 1863 illustrations and tables

* Fully updated tocover all recent advancesand developments

*Writtenand compiled by 115 leadingexperts

Signature _

Name _
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•

Address/Apt. # _

City _

State Zip _

Th isorder SUbject 10 acceptance by McGraw-HilI. Allprices SUbjecttochange
Without notice. Offer good onlytonewmembers. Foreign member acceptance
SUbject tospecial conditions.

The essential reference for Electrical Engineers!
Why you should ioin today: The Twelfth Edition ofthis classic handbook provides
THEBESTANDNEWEST BOOKSFROMALL PUBLISHERS-Books are up-to-the-minute information in such rapidly changing
chosen from0 wide rongeofpublishers, by expert editors ondconsu ltonts, areas as nuclear power generation, high-voltage trans-
to giveyouthebest selection ofbooksinyour field.

BIG SAVINGS - Buildyourprofessionol libraryot sovingsofusuolly mission systems, and alternative energy sources. It
20-30% ondoftenos much os40% offpublishers' list prices.

BONUSBOOKS- Youwill immediotely beg intoparticipote inour Bonus also covers such essentials as basic circuits, magnet-
~~on~~~~:~~~~~~~~J~~~~r~lni~~e~~~ib~O~~% offpublishers' prices of ics. power distribution, telecommunications, industrial

CONVENIENCE- 14-16 times 0 year(about once every 3-4 weeks) you electronics and lectri ltd d All' f t· .
will receive theClubBUlletin FREE. It fullydescribesthe Moin Selectionond eec rica san or s. In orma Ion IS
avariety ofolternateselections Adated Reply Card is included. If youwont geared toward the practicing eng ineer and organized for
theMoin Selection, simply do nothing - it will beshipped outomoticolly. If
youwant onolternoteselection arnobook ot 011, indicoteit on theReply quick on-the-job reference.
Card and return it by thedatespecified. Youwill haveat least 10days to li k d t f lhi
decide. If becauseof iate delivery oftheBulletinyou receivea MainSelec- a ea van age 0 IS outstanding limited-time offer
tionyoudo nolwanl,youmayreturnitforcreditattheClub'sexpense. -J'oin the Electronics and Control Engineers' Book Club

As a Club member you agree onlyto thepurchase ofthreeadditional
books, fromover 300 differenttitles that will beoffered, duringthefirstyear today and get your Handbook for only $14.95!
ofmembership. Membership may be cancelled by eitheryou ortheClub at

anytimeafteryou have purchased thethree additionalbooks. Fill OUT THIS COUPON AND MAil TODAY.--------------------~'!~I Itn\.
I McGraw-Hili Book Clubs

Electronics and Control Engineers' Book Club®I PO. Box 582, Hightstown, NJ 08520-9959
Pleaseenroll measa memberandsend methe STAN DARD

I HANDBOOKFOR ELECTRICAL ENGINEERS, 12thEdition
(209/758) forjust$14.95, plus local tax, shipping and

I handlingcharges. I agree to purchase a minimum of three
additional books during myfirst yearof membershipasout-

I
linedundertheClub plan described inthisad. I understand
thatashipping and handling charge is added toall
shipments, E33838

1 ---------------
15
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MASZOTA TOOL ORGANIZER tools and service accessories used
Two years after opening Austin- daily by our men.

Belmont TV in Chicago, IL, after I decided to solve the problem
having worked .fo r 10 years as a and created the organizer de-
Field Engineer for Zenith, the frus- scribed below. Our problem was
tration of trying to find tools on a solved immediately. We have used
cluttered workbench forced me to the organizer since 1971 , and it has

-seek abetterrnethod of organiza-=- - proven-to oe-the oesCorgaiiizer
tion . We had tried conventional that we have ever seen or used-
organizers-magnetic tool hold- far surpassing what was then and is
ers , bars with rounded meLal now on the marketplace . The
loops to hold individual tools , etc. organizer differs from other
They didn 't work for us! Service organizers by the fact that tools are
technicians were still wasting time contained by resting against a peg-
looking for tools on their benches. board wall at odd angles inside a
Also, there was no organization of drum of chicken wire.
any kind for the many odd-sized Although it can be built in dif-

ferent size s, we use an 18-inch
square piece of chicken wire. The
wire is rolled to form a drum, and
the drum is secured by tying the
short, cut ends of the wire , or by
sewing them together by weaving
a single strand of c,2p l2....er wire
through both ends of the roll.

Using conventional pegboard
hooks, the drum is hung on a peg­
board in a visible area, within easy
reach of the normal standing (or
sitting) position b y the work­
bench. Tools of any size and shape
can literally be thrown into the
organizer. The technician does not
have to think consciously about



HITACHI OSCILLOSCOPES

CIRCLE 103 ON FREE INFORMATION CARD

-- - ----- - ----- - - - ------ - - - -.--- --
I N D U S T R I A L E LEC TRON ICS G ROUP

"The ALLEN INDUSTRIAL ELECTRONICS GROUP
highly recommends these fine Industrial Quality

@HitaChiOsciliOSCOPes"

Richard S. Vialton MSEE
Sales Manager
ALLEN
INDUSTRIAL ELECTRONICS GROUP

V650F
60MHzfTripie Channels,
delayed sweep $1057.
V-422
40MHz,DualChannels. $785.

V-212
20 MHz Dual Channels
Convenient 0, 10, 90 and100% ~
amplitude markings, vertical mode H I_ACHI
triggering, 1mV/div. sensitivity & e_~~E UP 1710~~$850.00! _"t"3% accuracy, TV sync separation
circuit, X..Y mOde,-IOW-drift' -$ 4 2 9 .

VC6041UG
40MHz, sampling, dual
channels, 1mV dual trace, 6"
CRT, 4k words per channel,
GPIB option $5180.
VC6041UX
40MHz, digital storage, 1mV
dual trace, 6" CRT, 4k words
per channel. $4380.
V509
50MHz, dual channels, mini
portable, delayed sweep.

$1199.
V134
1OMHz, dual trace, bi-stable
storage $1395.
V209
20MHz, dual channels, AC­
DC, mini portable....... $815.

THE 928 PAGE

WM. B.ALLEN
ELECTRONICS CATALOG

A $15.00 VALUE

FREE!
WITHANY PURCHASE

.t)LL MAJOR

CRED IT CARDS

HONORED

V222
20MHz Dual Channels
Same as above with DC offset to

. measure signals having DC com­
ponents, CH1 output and DC offset
voltage monitor outlet available for
external counter or DVM*, alternate
magnify function provides x1 and
x10, sweep waveforms to be simul-
taneously displayed. $511.
·The purchase of a Model V222 oscilloscope
entitles you to purchase a Revere Model RDMT10
31/2 digit, 10 amp. scale digital multi-meter for
$39.95! Regular price is $49.95. Offer applies
only to Hitachi Model V222.
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NRJ Trains You AtHome As YouBuild
Your Own IBMPCCompatible Computer

IBM is a Registered Trademark of IBM Corporation.
Epson is a Regi stered Trademark of Epson America, Inc.

Apple and the Apple logo are Registered Trademarh of Appl e
Computer, Inc.

Com paq is a Registered Trademark of COMPAQ Comp uter Corpora tion.
1$) 1985 AT&T Technologies, Inc.

Total Computer Systems Training,
Only From NRI
No computer stands alone .. . it's part of a total
system. To really service computers, you have to
understand computer systems. And only NRI includes
a powerful computer system as part of your training,
centered aro und the new, fully IBM PC compatible
Sanyo 880 Series computer.

Learn the Basics the NRI Way-
and Earn Good Money Troubleshooting
Any Brand ofComputer
The biggest growth in jobs between now and 1995,
according to Department of Labor estimates, will
occur in the computer service and repair business,
wh ere demand for trained technicians will actually
double.

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

GET THE KNOW-HOW
TO SERVICE EVERY
CO-MPUIER ON THIS
PAGE...
AND MOREl

(J)
oz
o
0:
l­o
UJ
....I
UJ

6
15«
0:

18



~»
JJ
o
I

21

•

Age

For Career courses
approved under GI Bill
o check lordetails.

D Basic Eiectronics
D Electricians
D Small Engine Repai r
D Air Conditioning, Heating, & Ref.
D Locksmithing & Electronic Security
D Photography
D Bookkeeping & Accounting

Street

Name (Please print )

~i!!!S~d:~~i~~ Center ~~!~
3939 Wisco nsin Avenue, NW, Washingto n, DC 20016 I.Mill
We'll give you tomorrow.

[E" CHECK ONE FREE CATALOG ONLY
D Computer Electronics
D TVIAudiolVideo Servicing
D Satellite Electronics
D Robotics & Industrial Control
D industrial Electronics
D Telephone Servicing
D Digital Electronics Servicing

I
. 1

1

1

1

1

I
I
1

1

. supply-to ensure that you have Your NRltotal systems training includes:
• NRI Discovery Lab' to design and modify

all the essential skillsyou need ci rcuits ' Yourfour ,!unclion,digital
mult imeter with walk-you·through

to succeed as a professional instructions on audio tape' Digital logic
. h . . probe for visual examination of keyboard

computer servicetee rucian. circuits' The newest Sanyo880 Series
Computer with "intelligent" keyboard and

No Exper.oenceNeeded, 360K double-density, double-sided disk
drive· Highresolutionmonochrome

NRI Bu.oldsIt In monitor' 8K ROM, 256K RAM · Bundled
software including GW BASIC, MS-DOS,
WordStar, Calcstar - Reference manuals,

This is the kind of practical, schematics, and bite-size lessons.

hands-on experience that makes you uniquely prepared, with
the skills and confidence you need for success. You learn at your
own convenience in your own home. No classroom pressures,
no night school, no need to quit your present job until you're
ready to make your move. Your training is backed by your
personal NRIinstructor and the NRI technical staff, ready to
answer your questions and help you when you need it. Youget
it all with NRIat-home training.

IOO·Page Free Catalog Tells More
Send the postage-paid reply card today for NRI's big,
lOa-page, color catalog on NRI's electronics training, which
gives you all the facts about NRIcourses in Microcomputers ,
Robotics, Data Communications, 1V/ Audio /Video Servicing,
and other growing, high-tech career fields. If the rep ly card is
missing, write to the address below.

I start with
step-by-step
nnbly of the new, highly-rated , Sanyo
iputer , You install and trouble­
at the "intelligent" key-
rd. Then you assemble the
rer supply, install the disk
'e, and add extra memory to
~ you a powerful 256K RAM system.
,new 880 computer has two operating speeds:
idard IBM speed of 4.77 MHz and a remarkable
10 speed of, 8 MHz, making-it almost twice as - - - - - - - - -- - - ­
as the IBM Pf', Next, you'll interface the high-
ilutionmonitor and begin to use the valuable software
included with your complete computer system.
It all adds up to confidence-building, real-world
erience that includes training in programming, circuit
gn, and peripheral maintenance. You'll be learning
ut, working with, servicing, and troubleshooting an
re computer system- monitor, keyboard, computer,

disk drive, power



w here to pl ace the too l. Also, odd­
sized supplies, suc h as tape , rul es,
smal l in strumen t s, etc., can be
stored by inserting them so that
th ey lie safely in the drum of the
o rganizer. There is no searching
for too ls. They stay put, and are
easily ret rievabl e w hen needed .

We are pl eased to offer t he
above descripti on to th e reade rs of
Radio-Electronics for th eir own use
(not for sale) as a to ken of appre­
ciati on for th e wea lth of informa­
t io n p rovid ed by t he magazin e
readership to us over the years.

Anyo ne interested in mass pro­
du cti on of th e organize r for profit
is welcome to get in tou ch with us
co nce rn ing a t ransfe r of th e rights
to thi s invention.
RIEHARD "DIEK' '--MASZ8TA­
A-B Television
3 North Melbourne Street
Beverly Hills, FL 326665.

SCHEMATIC ERROR

I have spotted an erro r in Fig. 2
in th e October 1986 "Ask-RE" de­
partm ent. I thin k that readers w ill
be able to bui ld more satisfactory

baluns if they w ill sho rten t he lon­
gest di me ns io n shown in t he
draw in g slight ly. I t sho u ld be
about 50", depend ing on the for­
mula yo u use to calc ulate length ,
rather than the 53%" show n.
M ICHAEL CHED IAK
Sherman Oaks, CA

KUDOS FOR JACK DARR

Afte r readin g yo u for m an y
years, I fi nally fe lt t he ur ge to te ll
you how mu ch I have enjoyed yo ur
co lum n, " Serv ice Cl in ic , " and
your answe rs to serv ice qu esti on s.
W hi le I am not a TV repair man, I
st i l l read yo u r mater ial , because
you are teaching th e most impor­
tant thing of all: how to think.

That may sound absurd ly sim­
ple, but yo u do it better than any­
one else I have co me across. For
me, yo u are 75% psych ol ogi cal
and 25% the best repairman in the
bu sin ess. It is somethi ng li ke the
case of th e w ise o ld sage w ho tri ed
to teach hungry people how to
plant and grow grain, not how to
eat it .

I wo uld like to pass alo ng my

th ou ghts on w hat were my own
stumb ling b locks. Every t im e I ran
into a problem that sho uld have
taken f ive minu tes to solve, but
ended up tak ing f ive hou rs, I
wo uld loo k back and carefu lly ex­
ami ne what made it take so lon g.
The answe r almost always bo iled
down to one simp le phrase: I took
something fo r g ranted.

I look ed at the glass fu se and it
looked good.

I put in a b rand new part; it just
came from the factory, so it mu st
be good .

This is a b rand new part; it mu st
be w ithin company specs .

There is an insulated wire. I can
see th e wi re coming out of each
end of th e insulation. There mu st
be somet hing it the middle. (It was
burn t up.)

I can see solde r sitti ng on the
top ; it mu st be soldered .

The relay turns on and off; it
mu st be O K. (It had a magneti zed
core and wo uld not release.)

Thi s company ju st told me that
t hey make th e best part in t he
bu sin ess. Would they lie?

' ADD $5.00 FOR VISA OR MASTER CARD I
JERROLD CORDLESS CABLE I
TV CONVERTER i
• 66 channels
• Automatic fine tunin
• Al B swi tch option

" THE RABBIT"
VIDEO MU TIP LYING SYSTEM

TR-7000
$5195 V \) $59.95/6-11
~9.96/1- 5

' 2 UP~

IT'S LIKE HAVING A
VCR IN EVERY ROO M

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

JERROLD CORDLESS CABLE TV
CONVERTER
MODEL DRX3-105/400

$6995I
I
I
I
I JERROLD CORDED

CABLE TV CONVERTER

I $49~95
I
I
••••••IISilC. IIS

•
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The'complete line of
Flameproof Resistors from NTE Electronics.

NTE Flameproof Resistors are designed
to provide you with a premium quality
replacement dev ice .. . that won't flameout or
short even under the most severe overloads.

Our resistors range in capability from 1/8

Watts to 25 Watts with resistance values
from 10 to 2.2 Megohms.

They're totally noncombustible with a
metallic resistance material between a
nonresistant core and a special ceramic
outer cover.

NTE Flameproof Resistors are the ideal
replacement components for electronic
games, telecommunications, medical , data
processing, military, broadcast and home
entertainment equipment.

Don't take chances with your expensive
equipment. Use NTE Flameproof Resistors
.. . they handle the current.

LOOK FOR THE FULL LINE OF QUALITY NTE
REPLACEMENT PARTS AND PRODUCTS:
• Transistors
• Thyri stors
• Integrated Circuits
• Rectifi ers and Diodes
• High Voltage Multipliers and

Divid ers
• Optoelectroni c Device s
• Zeners
• Microp rocessors and Supp ort

Chips
• Memory ICs
• Thermal Cut-Oils
• Bridg e Rectifiers
• Unijunct ions
• RF Transistors
• Microwave Oven Rectifiers
• Selenium Rectifiers
• Flameproof Resistors
• Wire Ties
• Electrolytic Capacitors
• Static Control Products

For more information or the name of your local distributor,
call or write NTE.

®

NTE ELECTRONICS, .INC.
44 Farrand Street, Bloomfield, New Jersey 07003

(Outside N.J.) 1-800-631-1250· (N.J. only) 1-800-624-2624
CIRCLE 71 ON FREE INFORMATION CARD
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INFORMATION REQUESTED
My previou s req uests for infor­

m ati on h ave neve r fa i led to
produce resu lts fro m ot he r read­
ers-sometimes six mon th s later,
but always a respo nse. I am most
grateful.

Now I need in formati on on tun­
in g and base-end assembly detail s
of a 50's mode l , Webste r Band
Spanne r (ham) mobi le antenna. I
hope th at someone can help.
M ICK McDAN IEL
940 Temple Street
San Diego, CA 92106

Those are just a few of our stum ­
b ling blocks. Th e fe l lows who
work fo r me th ink that I must be an
old hard-head whenever I bring
such things up to them. However,
eve ry t ime t hat t hey run in to a
problem that takes all day to solve,
it usually co mes back, of co urse ,
to hav in g take n so methi ng for
granted .

O ur p rima ry busin ess is t he
custom-bui ld ing of e lect ro n ic
f lash units that are used in many
ways other tha n tak ing pict ures .
We des ign the flasht ubes and have
the m custom- made, and we de-
sign th e power supplies to fi re the HELP WANTED
f las htu bes. O u r t w o prim ar y For lack of anyw he re else to
hou se rul es are : (1) Don 't take i t turn , I am writ ing to yo u . I hope
for granted . (2) Test that new part that yo u can help.
before you pun n rr:--Those two - A-friena of mine owns a Hewl ett
rules save us mo re ti me than any- Packard mod el 130-8 100-MHz os-
thing else. I wou ld be lost witho ut ci l loscope. The scope is inopera-
my curve tracer and specia l con- ble, and we cannot fi nd any ser-
de nser tester. vice manu als, schematics , or even

Thanks again, Jack, and please operating manu als fo r it . We have,
keep up t he good work for many of co urse, tri ed to get in format ion
more years! from HP, bu t they claim to no lon-
DEVON RENO ger have any in formation on that
Co untry Club Hills, IL scope. We would app reciate any

help readers co uld give us in th is
matt er.
JAY BECKETT, JR.,
10804 Porte r Street
Crown Poin t, IN 46307

HAM RADIO PRIVACY
Herb Friedman's Novembe r1986

co lumn is somewhat mi sleadin g.
M r. Friedman in terprets th e abil ity
to electronica lly screen inco mi ng
tra nsmissio ns as privacy. Readers
may assume t hat suc h " p rivacy"
means th at ot hers do no t hear the
subject tran sm issions. Th e o nly
pr ivacy afforded by th ose systems
is similar to th e privacy achieved
by closing on e's eyes in a crowded
room. None of th e vario us call­
scree ni ng syste ms (sub-audi b le
ton es, RTIY selcall , Packet Radio ,
Digi tal Coded Squelch, etc.) pre­
ve nt any li st en in g st at io n f ro m
hearing any t ransmissio n.

The Amate ur Radio Service has
always been caref u l to avoid en­
cryption or pri vacy in amat eur
t ransmissions : Amate ur Teletyp e
Over Radio (AMTO R) is a variation
of the commercia l SITa R teletype

o Money Order
o Visa

o Check
o Mastercard
Card No. _

Expiration Date _

Signature _

PHONE ORDER: 800-233-5973
or 415-591-1400L ~

A super-converter 8001 has been certif ied by
FCC part 15 requtation.

,-- -- --- --- -------,
HOW TO ORDER

I
Name: I

Address: I

City: State: - - I
Zip: Phone () I
Make Check or Money Order payable to
GRE AMERICA, INC.
Mail to: GRE AMERICA, INC.
425 Harbor Blvd., Belmont, CA 94002
Unit Cost «I' $59 .94 x _ _ =

Qty. Total
CA. Residents Add 6.5% Tax
Shipping & Handling «I'$4 .00/

Unit x _ _ =
Qty.

PAYMENT METHOD TOTAL ~ IL-_---'

EASY LISTENING
• FOR 810 TO 912 MHz BAND

SUPER CONVERTER 8001

• FOR YOUR UHF SCANNING
RECEIVER AND OTHERS

ON-__

POWER

OFF

SUPER CONVERTER

The Super Converter 8001 Features:
1-----. Listening to 810-912 MHz Band on a UHF

Scanner and / or Other Monitor Receivers
1-- - .. Easy Connections to Your Receiver
1---.. 9 Volts Battery Operation Power Source

and Power On Indicator by LED Display
1--- .. External Power Jack Size: 79(w) x 30(H) x 100(D)mm

Warranty
l---4"'"11iR8(jO[D~aiiiy~s From Date of Purchase

Unit Cost
1--~~$~55.C9iJ.9g:;4tip1iilus $4.00 Shipping and Handling Charge
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AUTO RANGING
pl u s

MANUAL RANGING
3 1/2 DIGIT METER
28 FUNCTI ONs
FULLY PROTECTED

2 us pulse @ 1A

9430 1.100 pins $15
9434 2,170 pins $25
9436 2,860 pins $35

LOGIC PULSER

BREADBORD

Shown r1
9436 U

$25

~-

DIGITAL LeR METER
Model LC-1800
Measures : Inductors $148
Capacitors, Resistors

Inductors . 1 ~H to 200 H

~~i~~~~r:~~t:~~~~
Ranges 6 Ind. 7 cap, 7 res

M- 1180 . 1l1l. ACY $ 36 .95
• •a;;;r.:fj~ lU... ·1182 . 25" ACY $3 9 .9 5

M-1181 .1 % ACY $42. 9 5

10 MHz DC or AC
Tr igg ered Sweep
Calibrated Vert & Ho r
Reads Volls & Freq

IBOO

· ai -

hoo k , not whil e o n-ho o k . Th e
rin gin g signal is not connected to
th e lin e toward th e in strum ent
through a tra nsformer, as shown,
but rath er, during rin gin g, th e 20­
Hz i s co n necte d to th e l in e
through the w indi ngs of a rin ging
t rip relay (or equivalent) so as to be
able to determine wh en the in stru­
ment goes off -hook.

There is an important omissio n
regarding descripti on of th e rin g­
ing signal. Typically, it is 86 volts of
20-Hz superimposed on -49-volts

$190
8 -3000 ,.......

50 MHz LOGIC PROBE

$23

~P.700

TRUE RMS 41'.1
DIGIT MULTIMETER

$135 :~g~

.05% DC Accuracy
.1 % Resistance

with Freq. Counter
& Deluxe Case

TWO
100 MHZ
SWITCHABLE
PROBES
INCLUDED

-Model
CM·1500S65

MULTI METER with
CAPACITANCE and

transistor testar

Reads Volts . Ohms,
Current, Cap ac itors
Transistors & Diodes

Triple Power Supply XP·660

$14950

GF·8016 Function Generator
with Freq , Counter

M It $219

Fully ' regUlated , short clrcut prot ected curr ent
lim it control

D-20V @ 1A
D-20V@ 1A

5V @5A
Fully Regulstad, Short Circuit Protected with 2
Limit Cont . 3 Separate Supplies.

3 Amp Power Supply XP·650

1. $11950
.... Q-40V @ 1.5A

D-20V @ 3A

· ·~-':'.•r. - Sine. Square. Triangle,
- --.........-J -Pu lse, Ramp, .2 to 2 MHz

-Frequency .1 thru 10 MHz

GF 8015 without Freq. Meter '169

Top quality scopes at a very reasonable price. Contains all the desirable features. Elenco's 2 year guarantee
assures you of continuous service. Two t x, 10x probes. diagrams and manual included. Writ.e for specifications.

20 MHz DUAL TRACE OSCILLOSCOPE

$349 MO·1251

ELENCO PRODUCTS AT DISCOUNT PRICES!

CAS SALES, 8744 W. North Ter. Niles, IL 60648 IAIIiIil~ 15 DAY MONEY
8()()'292·n11 (312) 459-9040 ~ .... BACK GUARANTEE ASK FOR cA7ALOG

2 Year Limited Guaranteel Add 5% forPostage ($10 max.) , IL Res., 7% Tax
CIRCLE 109"ON FREE INFORMATION CARD

LRRORS AND OMISSIONS
I am writing primarily abo ut " In­

side the Telephon e," w hich ap­
peared in th e Octobe r, 1986 issue
of Radio-Electronics. While gener­
al ly in formative, it do es co ntain
some errors and omissio ns.

In Fig. 5 th e co ntacts in th e di al
network are show n open. At all
times but th e in stant of sending a
pulse the con tacts are clo sed . The
labels on th e hook sw itc h are re­
versed; the telephone circuitry is
co nnected to the lin e while off-

system that was developed t o
eliminate the encryption inherent
in SITOR; Transmission in ASCII
was not allowed in th e Amateur
Radio Servi ce until onl y a fe w
years ago. Section 97.117 of th e
FCC rul es prohibits the use of
cod es or abbreviat ions wh ere th e
intent is to obscure the meaning of
communications. In fact , privacy
in communications is counter to
both the spi rit and the regulations
of the Amateur Radio Service.

Digital or sub-audible-tone
squelch and selective receivin g
systems do let the listener refu se
those tran smissions outside his or
her interest. That ability is useful
to Amateu r Radio operators in
many situations. For example, an
operato r who-i s-part-of-a -sto rm-- ­
watch network can set the radio so
that only transmissions fr o m
others in the network will open
the sq uelch . That does not prevent
operators outside the network
from hearing those tran smis sion s,
but it allows our h ypothetical ham
topursue his or her normal house­
hold chores with a minimum of
interruptions from the radio . 73.
BOB SCHETGEN, KU7G
Assistant Technical Editor
American Radio Relay League

NOT TRUE
Part 3 of the article "How to De­

sign O scillator Circuits" by Joseph
J. Carr (Radio-Electronics, Sep­
tember 1986) is incorrect where
the author states : "For example, a
squarewave with a fundamental
frequency of 200 Hz would be
composed of a 200-Hz sinewave,
plus 400-Hz, 600-Hz, BOO-Hz .. .
sinewaves."

That isn 't true. A squarewave is
composed only of the fundam en­
tal and odd harmonics havin g pro­
gressively smaller amplitudes. For
examp le, the amplitude of th e
third harmonic (600 Hz) isY3that of
the fundame ntal, the fifth is Ys , etc.

Maintaining corre ct b asi c
knowledge of electronics is hard
enough wi thout havin g to co rrect
such mi sleading statements.
L. M. MORRISH
Hendersonville, NC
We made the error in attempting
to amplify Mr. Carr's point. We
apologize to him and to our read­
ers.- Ed itor
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SEE YOUR DEALER TODAY

Ci1y _

Street _

l HE REASON BEHIND RFI
Finally someone has come out

on th e side of amate urs and ot her
rad io ope rators and stated th e real
reason behind RFI. (See "Commu­
n ica tio ns Corne r" i n t he Sep­
te mber 1986 issue.) Most of t he
t ime, it's not the fault of th e rad io
o pe rato r (alt houg h it i s so me ­
t imes), b ut rath er the fault of a
poorly designed pi ece of equi p­
ment. With all t he products on th e
market that have little o r no filte r­
ing, and li ttl e o r no shie ldi ng, it's
no wonder th at we'v e seen the
number of problem s we have.

If w e wi sh to do so me t h ing
about it , we do have an alter­
native : We mu st educate the aver­
age person as to th e real causes of
t he prob lem. If t he co ns ume r
dem ands a w ell-built produ ct ,
some manufacturer w ill produce
o ne. Th en , perhap s, we will no
lo nge r have to ex p la i n how it
could be th e fault of our neigh­
bor's sound syste m, and not our
CB or ham tra nsmitter.
JOSEPH A. CONSUGAR, KC3XM
Annapolis, M D

continued 0 11 page 35

DC. The DC is needed to ope rate
the ring ing trip relay w hen the call
is answe red .

The descr ip t ion of d ial pu lses
need s to be revised . The state of
t he ci rcu it d uri ng the t ime one
would di al is closed, with normal
lin e cur rent of 20 to 120 mAoWh en
ad igi t is di aled , th e di al-pulse con­
tacts open the circuit once fo r a1,
twice fo r a 2, etc. The pul se rate is
required to be in the range of 8 to
11 pulses per seco nd, and the per­
cent b reak t ime mu st be in th e
range of 58% to 64%. The interval
of high (no rmal) current between
break s is co nse q ue nt ly 36% to
42%.

Th o se tim es hav e abso lute ly
nothing to to with conserving bat­
tery powerrbut rath er th ey are es­
tabli shed by th e o pe rat ing and
releasing times of several respond­
ing relays and othe r electro-me­
chanical devi ces in the ste p- by­
ste p sw i tc h ing sys te m . Th at
sw itching syste m is a descendant
of t he Stowager syste m t hat is
mentioned in th e article.
KENNETH E. STO NE
Che rryvale, KS

FROM

'Fi~~
. ANTENNAS ·
·ACCESSORIES·

ALSO ANTENNAS FOR
CORDLESS TELEPHONES

MONITOR SCANNERS

HERE 'S A TIP
THAT'S PERFECT!

AM/FM AUTO RADIO
AND CB

'Firestill'n
GOLDEN SERIES

BARE-HANDS TUNABLE
" NO TOOLS NEEDED"

HIGH PERFORMANCE ANTENNAS

Dealer & Distributor Inquiries Inv ited
SEND FOR FREE CATALOG

- - -:;1;;'lk'An-:n~mPI;--- -,
2614 East Adams/Phoenix, AZ 85034 I

Name I
I
I
I

Stale _

SCOPE PRICE BREAKTHROUGH!

New B&K-PRECISION
Dual- race 2011Hz Scope•••

$440!!
-­cr-.

Now you can own a professional quality 20MHz,
dual-trace scop e for under $4 50. Best of all, it's a full
featured instrument, from B&K-PRECISION-famous
for quality,dependable products.
Compare these outstanding features, then compare price!
• Dual or single trace operation . 1mVld iv sens itivity
• 20MHz response at a true -3dB • AUTO/NORM triggered
sweep operation with AC, TVH, TW and Line coupling
• Calibrated 18step timebase with x10 magnifier. X-V oper­
ation • Bright, sharp rectang ular CRT with P31 phosphor
• Front-panel trace rotation control • Tilt stand and soft
handle • Selectable +/- slope . Built- in calibration source
• Compact low- profile desi gn,
For immediate dellvery-contact you r local B&K-PRECISION
distributor or call B&K-PRECISION today,

BmIWn'hW §lciR~~~g~~
6460 West Cortland Slreet • Chicago. Illinoi s 60635 .312/889 -9087
InternalionalSotes,6460W.Cortland St.•Chlcogo.l11lnois60635 • ceneeienseres.sneeaecnontes.omene
SouthandCentralAmerican Sales, Empire ~xporters, Plainview. NY 11803
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all
modulesare

re-c ual.

Competitor's rebuilt RCA module RCA rebuilt RCA module

Only modulesrebuilt by RCA guarantee RCA quality.
Recently, one of our competitors

slashed prices on their rebuilt RCA
modules by up to 40%. Sounds good,
until you review their products' perfor­
mance. Then you'll wonder why they
didn't do it sooner.

To demonstrate, we selected a
random cross-section of their "bargain"
boards for inspection. Using the same
stringent testing methods RCA applies to
its remanufactured boards, more than an
incredible 70% of their rebuilt modules
were rated unacceptable.

Some simply didn't work.
Others lacked design updates, or
had a wrong or missing component.
The rest suffered from problems in

workmanship, such as the use of wire
to bridge broken circuit board etchings,
which could affect both reliability
and performance.

Which all goes to show, RCA modules
remanufactured by RCA remain your best
bet. Ours are re-created to perform as
well as, if not better than, the RCA
original. Each contains the latest design
updates. And all are thoroughly tested,
inspected, and covered by warranty.

Their rebuilt modules may cost less,
but the quality just isn't equal.
So do it right the first time. Insist on
RCA. Because the quality and per­
formance are built in.

HenDistributorand
Special Products Division
CIRCLE 225 ON FREE INFORMATION CARD
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REPORTS

LCA-10

EASE
OF USE

OVERALL
PRICE

Fluke

PRICE/
/VALUE

INSTRUCTION
MANUAL

Using the LCA-1O
To use the LCA-1O, you simply

connect the plugs into the com ­
mon and 10-am p inp uts of yo ur
mult im eter, and set yo ur mul t i­
m et er accord ing to it s inst ruc­
tions . You then plug t he ot he r end
in to a lin e receptacle, and plug the

we re incl in ed to ask, "W hy d idn 't
we (o r anyo ne else) ever thin k of
that before?" Basically, th e LCA-1O
is a convenient way to pu t an am­
meter in series with a li ne-current ­
carry ing w i re. O n one end is a
three-w ire li ne plu g, and a three­
wire receptacle . However, w hi le
the gro und and neutral cond uc­
tors run st raight -through, the hot
co nd ucto r is b roken . Th e two
ends of the br eak are brou ght out
t hro ugh a f ive-foot , heavy-d ut y,
insulated wire th at 's te rminated in
shrouded banana plugs.

EQUIPMENT

Fluke LCA-I0 Line
Current Test Adapter

IF YOU'VE EVER WANTED TO MEASURE

the amo unt of current used by a
line-powered device, yo u've had a
co up le of choices : you co u ld
break the leads and use a standard
multimeter, or- if yo u we re lucky
eno ugh to have one-you co uld
use a clamp-on ammeter. But now
the re's a much cheape r and easier
way: use yo u r multimet er alo ng
w it h t he LCA-10 Ii ne-cu rrent tes t
adapter from John Fluk e M anufac­
t ur ing Company, In c. (P.O. Bo x
C9090, Everett WA 98206).

If yo u need to make lin e-cur rent
meas u rem en ts often, t he n per ­
haps a clamp-on ammeter is wo rth
t he investment. If yo u do n't need
to make lin e- cu rr en t measure­
men ts ofte n , t he n you probabl y
end up b reak ing the leads to put
yo ur ammeter in -line w it h the de­
vice unde r test w hen it 's neces­
sary. But the hassle of doing th at is
p roba b ly too mu ch of an an ­
noyance if, fo r examp le, you ju st
want to determ ine how much cur­
rent yo ur old refrigerator uses so
you' ll know whether a new model
is a worthwhile investment.

The LCA-10 allows you to use
your mult imeter to easily measure
the amount of current bei ng used
by a line-powered device. It's cer­
tai n ly not a co m p lex pi ece of
equipment ; it 's so simp le that we

This multimeter accessory
makes measuring line

curren t a snap!
CIRCLE 9 ON FREE INFORMATION CARD

@1985 Fluke
CIRCLE 121 ON FREE INFORMATION CAR D

Fluke 70Series Analog/Digital multi­
meters are likemoney in the bank. Buy
one, andyou'reguaranteedto save bothtime
and money.

Money, because youget longer battery life
and longerwarranty coverage - 3years vs.
1year or less on others.

And time, because 70 Series meters are
easier to operate and have more automatic
measurement featu res.

So before buying any meter, look beyondthe
stickerprice.And take acloser look at thenew
low-priced $79 Fluke73, the$99 Fluke 75,and
thedeluxe $139Fluke77. In the longrun, they'll
cost less,and give higher performance, too.

And that, youcan bank on.
Forafree brochure, and your nearest distrib­

utor,call toll-free1-800-227-3800, ext. 229.

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS.

I~F~L~U~K~E=t

OUf
guaranteed
savingsplan.
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device whose current you want to
measure into the LCA-1Oand turn it
on . The LCA-1O is rated for 10 amps
continuous current, or 20 amps for
30 seconds.

Of course there are a few things
you have ' to keep in mind when
you use the line current test adapt­
er. Most important, since the
LCA-10 is des igned for use with
li ne-powered devices, there is al­
ways the potential-if you 're care­
less-i- fo r contact with 120 volts .
Since the banana p lugs are

• IF YOU'RE THE KIND OF READER that
doesn't want to wait, you can order your next
copy of Hands-on Electronics now. Hands-on
Electron ics is crammed full of electronic proj­
ects that you won't be able to wait to build for
yourself. You can expect top-notch digital proj­
ects, fun -to-p lay electronic games, valuable
add-on computer projects, BCB and shortwave
receivers, photographic/darkroom gadgets, de­
vices to improve your car's performance, test
equipment ideas, and more in every issue of
Hands-on Electronics.

shrouded, you'd have to real ly try
to make contact with the hot lead,
but accidents do happen .
However, if you follow the instruc­
tions to the lett er, you 'll have the
device plugged into your multi­
meter before it 's plugged into the
wal l, so you'll be safe. And if you
fol low standard and sensible prac­
tice , you'll start your measure­
ments with your multimeter on its
highest range, so your mu ltimeter
wi l l be safe, too .

The multimeter you use with the

• YOU CAN HAVE THE NEXT TWELVE IS­
SUES of Hands-on Electronics delivered to
your home for only $28.00. You even SAVE
$2.00 off the single copy price . INCREASE
YOUR SAVINGS by orde ring twenty-four issues
for only $56.00-a $4.00 SAVINGS off the sin­
gle copy price.

• EVERY ISSUE OF Hands-on Electronics
will continue to contain a variety of construction
articles to suit every taste. In addit ion, feature
articles on electronics fundamenta ls, test equip­
ment and tools will round out each issue. Of
course, Hands-on Electronics will cont inue to
provide new product and literature listings to
keep you up to date on the latest developments
in electronic techno logy.

• GET IN ON THE ACTION! Order your next
issue of Hands-on Electronics today. Use the
convenient order coupon below. Be sure to send
check or money order- no cash !

LCA-10 should have a high-current
range . Whatever its max imum,
you' ll have to make sure that the
device under test draws less cur­
rent than whatyour meter can han­
dle. Remember that the inrush
current a device draws when it is
turned on is much higher than its
continuous current. If you ' re not
careful, you'll blow the meter's
fuse, or pe rhaps damage it further.
Also, you should be sure that your
mete r accepts banana p lugs .
(Most-but not all-do.) While it's
certa in ly not a big project to
change t he safety plugs of the
LCA-10 to safety jacks, it is some­
thing to consider.

Th e LCA-10 l i n e- c u r ren t test
adapter has a suggested U.S. list
price- of $12 . We think it's a great
accessory and well worth the
price. R-E

TIIP-CAD PAL STARTER
KIT

An introduction to
programmable array logic

(PAL) devices.

CIRCLE 10 ON FREE INFORMATION CARD

--------------------------------
PROGRAMMABLE ARRAY LOG IC (PAL) DE­

vices are use r-programmab le (or
user-configurable) devices that
can replace TTL logic circuits. They
offer the electronics designer and
man ufactu rer many advantages,
includ ing the abi l ity to minimize
the number of components re­
quired to implement a design .

We recently had the opportunity
to examine a kit that offers a fast
and inexpensive introduction to
programmable logic devices. It is a
jo int effort of Texas Instruments
Inc. (P.O Box 809066, Dallas , TX
75380-9066) and Personal CAD Sys-

I
I
I
I

Please charge my
D Visa D Mastercard Signature' _
Acct.#· Exp. Date' _

(Street Address)

(Name)

Allow 6-8 weeks for the first issue to arrive. Offer valid in U.S. Funds Only.

Canada-Add $5.00 per year. All other countries-Add $7.50 per year.

Please print

D Payment Enclosed

D Bill Me Later

D I want to be sure I don't miss any issues. Send me the next twelve issues of Hands-on
Electro nics for $28.00-a $2.00 SAVINGS off the sing le copy price.

D I want to SAVE EVEN MORE and be sure not to miss any issues . Send me the next twenty-four
issues of Hands-on Electronics for $56.00-a $4.00 SAVNGS off the single copy price.

Hands-on Electronics SUBSCRIPTION

Detach and mail today
to:
HANDS-ON
ELECTRONICS
SUBSCRIPTION DEPT.
P.O. BOX 338
MOUNT MORRIS, IL
61054

(City) (State) (Zip) AR E37-------------------------------_.
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innouatiuely designed
with your time in mind.

Call Today Wats Free 1-800-843-3338

SeNCORe
3200 Sencore Drive
Sioux Falls, SD 57107
605-339-0100 In SD Only

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

Patented $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 you can trust every time.
Test capacitor value, leakage, dielectric absorption, and ESR dynamically;
with up to 600 volts appl ied for guaranteed 100% reliable results - 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 "dynamic" circuit conditions.

Reduce costly parts inventory with patented tests you can trust. No
more need to stock a large inventory of caps, coils, flybacks, and IHVTs.
The "Z METER" eliminates time-consuming and expensive parts substitut­
ing with 100% reliable LC analyzing.

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

Test troublesome SCRs & TRIACs easily and automatically without
investing in an expensive second tester. The patented "Z METER 2" even
tests SCRs, TRIACs , and High-Voltage Diodes dynamically with up to 600
volts applied by adding the new SCR250 SCR and TRIAC Test Accessory
for only $148 or FREE OF CHARGE on Kick Off promotion.

To try the world's only Dynamic LC Tester for yourself, CALL TODAY,
WATS FREE, 1-800-843-3338, for a FREE 15 day Self Demo.

PAL Starter Kit

EASE
OF USE

'OVERALL
PRICE

TI/P-CAD

PRICE /
/VALUE

INSTRUCTION
MANUAL

Why a PAL?
Because PAL's are user-program­

mab le, they are flexible . They al­
low designe rs and man ufacturers
an easy way to modify their de­
signs duri ng deve lopment and
prod uction. Since the logic func­
tion of each PAL device can be ta i­
lored to suit your needs, a design
that u se s PAL's generally has a
lo we r package cou nt than an
equivalent design that uses con­
ve nt ional TTL devices. Each PALin­
cluded with the kit can rep lace
from 3 to 10TTL IC s, depending o n
how it's programmed . Reducing
the package count, of course, can
inc rease a product's re liab ility.
Since PAL's can be programmed to
replace ma ny d ifferent IC config­
uratio ns , manufacturers ca n keep

tems, Inc., (P-CAD, 1290 Parkmoor
Ave., San Jose, CA 95126); it con­
sists of software, documentation,
and four PAL's that you can pro­
gram . Of course, a programmable
device is no good if you don 't have
the equipment required to pro­
gram it. But Texas Instruments has
a rranged for some of its dis ­
tr ibutors to program the four PAL's
wit h no add it iona l charge . You
simp ly send the PAL's, along with a
certificate that's provided with the
kit, and you r programm ing in­
str uctions to one of the part icipat­
ing distributors . Theywil l program
t he devices and return them to
you.

The four devices incl uded with
the kit are the TI BPAL16LB-12,

- 16R4:12, 16R6:12 an cr16RB:12-:-Tney- ­
are fast, with a maximum propaga-
tion delay of 12 na noseconds, and
a re packaged in 20-pin plastic
DIP's . The main differences be­
tween the dev ices are in the
num be r of bi-directiona l (I/O) pins
and the number of sto rage regis-
te rs (flip-flop elements).

CIRCLE 200 ON FREE INFORMATION CARD
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sign is most ly a m att er of
converting a multi -level logic func­
tion to a 2-leve l AND/OR structure.
That 's w here P-CA D's software
comes in handy-we'll look at it
now.

CUPl
P-CAD's CUPl software gives de­

signers the ability to easily conf ig­
ure a PAL or ot her Programmable
Logic Device (Pl D). It is used to
write and compile logic descrip­
tions that yo u then downl oad to a
devi ce programm er. CUPl runs on
IBM PC's and co mpatibles running
M S-D O S 2.0 or higher. It requ ires
at least 512K of RAM, one floppy­
di sk drive, a hard di sk w it h at least
one megabyte of free space, a tex t
edito r (to create CUPl source fi les)
and a serial port to download fuse­
map files to the programm er.

Inclu ded w it h the CU Pl pack­
age is a program CSIM, w hich al­
lows you to simulate your design
before programming a device. It
also creates test vectors (whic h are
compat ib le wi th th e JEDEC stan­
dard ) fo r funct io nal test ing of the
device once it is p rogramm ed. An­
other p rog ra m in clud ed w i t h
CUPl is CBl D, w hich allows you to
maintai n and build your libr ary of
device spec ifications.

CU Pl allows yo u to describe th e
PAL co nfig urat io n usin g either
t rut h tab les, high-level equatio ns,
o r state machin es. (A st ate ma­
chine is a logic circuit with regis­
ters, w hose o utputs depend on it s
own previo us values.) Also, CUPl
provi des fo u r logi c-m inim izati on
algorithms .

Th e do cum en tat ion supp lied
with the kit is, for th e most par t ,
exce llent. Person al CAD Systems'
CUPl User's Ma nua l is, out of ne­
cessity, large. But it is we ll th ou ght
out, so yo u don 't get lost w hen
yo u look fo r a parti cul ar detail.

P-CAD also in clu des an exce l­
len t in t rodu cti on to PAL program­
ming called My First Pal Design . It
gives examples of how to use a PAL
(and CUPl) to imp lement a simp le
design. A disk-based tutoria l, the
Programmable Logic User's Guide
is also wel l-written.

At $49, the PAL Starter Kit is an
excellent int rod uct io n to program­
mabl e logic devices. We' ll take a
more detailed look at PlD's in a fea­
ture article later this year. R-E

Grain·O·Wheal
BM-135 - 6 Vol t
BM-136 · 12 Volt

CALL FOR
OUR

MONTHLY
SPECIALS

Replacement For
Tetrad Phono

Cartridges

~
BM-232 - Red
BM-233 • Blue

~ :~:~~: : ~~~~k
~ BM-236 - Orange

BM· 237· Yellow

YOUR CHOICE

SALE $26~A.
MINIMUM 10

25 Volt Line
Transformer

$1 95
SALE EA.

MINIMUM 5

Stereo
Headphones

J) with 6 ft. Cord

$599
SALE EA.

BM-461 MINIMUM 5

BM-69

The fixed logic array in a PAL is
typically a co llection of AND gates
w hose outputs feed OR gates. If
t hat doesn't sou nd li ke a versati le
structure to yo u, we sho uld po int
out that any logical fu nctio n can
be represented as a logical sum of
p roduct -terms. A product-term is
any co mbinat io n of input variabl es
AND-ed togeth er, w hi le a logical
sum is th e resul t of oa- lng together
input vari ables.

Th e co nvers io n f ro m a co n­
vent io nal TTL design to a PAL de-

SALE 199~

46 Channel
Block Converter
with Fine Tuning Control

BM-306

Exact Replacement

~
F·Type Female

for Panasonic 75 Ohm Canon/Switchcraft
Dual Antenna Terminator Type Connector

Call fo r a Full Line of Replaces Switchcraft A3F
Connectors

SALE $29~A SALE 15~A SALE $22~A
I BM-219 MINIMU M 10 BM-218 MINI MUM 25 BM-277 MINIMUM 25

Exact Replacement for
Zenith Dual Antenna

BM-459 SALE $69~. MINIMUM 5

ORDER BY PHONE: IN NYS CALL:

• 800-645-4720 (718) 436 -9700

ES'IEk" " Oi' Parts & Accessories ~ VISA- I. ,'.
• unlf of ALPHA·KENCO INC.

3820 14th Avenue. Brooklyn. NY 11218

~
(j 750 Ohm Grounding

JjJ',<, Block with Screw
"0 45C

, 0. SALE EA.

BM-283 MINIMUM 25

W ' Stereo
20 ' Headphone

Extension

SALE $22~A M~ .

75 Ohm AlB Switch~ 3 Pin Computer
B~' Video Switch Box ... - AC Cable 6 Ft. Cord

VIDEO SW ITCH BOX --$1-95- - - --$2 75
..... ~ SALE EA SALE EA.

BM-307 MINIMUM 10 BM·417 MINIMUM 10

a sma ller invento ry of logic de­
vices on hand .

In si d e t he PAL i t sel f is a
programm ing matrix of t ita nium­
t ungsten f uses . Th ose f uses are
opened by a programm er, whi ch
feeds a fusing current t hrough th e
approp riate fuses according to th e
p ro gramm in g in stru cti on s. Th e
fuses left intact afte r programming
determin e the logi c f unctio n of
t he device-th ey determ ine how
th e inputs and outputs of th e PAL's
fixed logic array are connected .
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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 easier
than ever.

s::»
:D
o
I

35

inno vatively designed
with yo.ur time in mind.

Call Today Wats Free 1·800·843·3338

SENCOAE
3200 Seneore Drive
Sioux Falls, SD 57107
605·339·0100 In SD Only

with the SC61 Waveform Analyzer
Patented $2,995

Analyze defective waveforms
faster, more accurately, and

more confidently - every time
or your money back

Accurately and confidently measure waveforms from a tiny 5 mV
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% automatically with digital speed and accuracy.
It's a real troubleshooting confidence builder.

Confidently analyze complex waveforms fast and easily. Exclusive
Delta measurements let you intensify any waveform portion. Analyze
glitches , interference signals, rise or fall times or voltage equivalents be­
tween levels; direct in frequency or microseconds.

Speed your digital logic circuit testing. Analyzing troublesome divide
and multiply stages is quicker and error free - no time-consuming
graticule counting or calculations. Simply connect one test lead to any test
point, push a button, for test of your choice , for ERROR FREE results.

To see what the SCB1 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.

. R-E

LETTERS
continued from page 26

FURTHER REFINEMENT IN ORDER
I just glanced th rou gh M r.

Grossblatt 's department, "Draw­
ing Board," in the September, 1986
Radio-Electronics, in which he cor­
rects some problems from errors
in a previous in stallment, and la­
ments that only three readers had
written in to point them out. I'll
bet that he gets more letters on
this one.

Although the correction noted
regarding the infinite DE loop will
work in a fashion, I think that fur-
ther refinement is in order.

--The-tex.tual explanation-is-a little - - ­
misleading in that it implies that D
and E are directly os-ed in line 13.
That is made even more deceptive
by the fact that the OR comes right
after the DEC DE. As you know, the
E register is actually being os-ed
with A, the contents of which
should have been loaded from D.
The first time through the loop, A
will have been loaded from H prior
to entering the delay loop. That
means that the first OR will not
really be a valid one, but as Eis not
initialized to 01at entry, it is really a
moot point, as A w ill assume the
correct value in line 14, and things
will be OK thereafter. If the delay
constant should have been 5101 in­
stead of 5161, however, that could
have been a problem if entering
the loop with A=O.

You might point out that this is
the classic Z80 double-register
decrement and test for zero situa­
tion , and that the A register is usu­
ally loaded from one of the
registers-before the OR is done.

Another possible source of con ­
fusion to assembly-language
novices in the routine as pre­
sented is that the test for the zero
flag comes right after the LD A,D.
That can leave the wrong impres­
sion-that the zero flag is set by
the LD instruction group, when in
fact it was the OR in struction that
was responsible for setting the
flag.

Keep up the good work. I find
your column to be in line w ith th e
kind of noodling that I like to do.
CHUCK BRILLOWSKY
Southgate, MI



Get A Complete Cou rse In

th e model 7010 audio-visual pro­
cessor, and the model 7100 co lo r
processor. The compone nts may
also be purchased individually, to
enable users to expand their sys­
tems as the ir needs grow.

The heart of the system is th e
Creator, a m ic roprocesso r-co n­
tro lled SEC. The user can create

un it. Normal rec harge t ime is 24
h ou r s , b ut, unli k e Ni Cd re ­
chargeab les, the unit w ill accept a
"top-up " charge easily and qu ickly
if needed , and can st ill accept a full
rech arge overn ig ht. The Side Kick's
circu it is p rotected by a resettabl e
t hermal breaker. The entire pack­
age, w hich incl udes a charger, a
pl ug-in unit, and a batte ry i s
tucked into a shoulder pack w it h
adjustable straps .

The SideKick has a suggested re­
tai l p rice of $89.95.- Gates Energy
Products, Inc., 1050 Sout h Broad­
way, P. O . Box 5887, Denver, CO
80217.

PORTABLE POWERPACK, t he
Sidekick, is bui lt aro und a sealed,
lead- acid batte ry that e ns u res
m ain t enan ce- f ree se rv ice . Be ­
cause th e batt ery is sealed, it can­
not leak o r sp i ll, eve n if p unc­
tu red . It can be operated, sto red,
and charged in any positi on , even
upsid e down .

With a f ull charge, the unit w il l
ru n a12-watt camcorde r o r VCR for
nearl y f ive hou rs, a portab le te lev i­
sio n monitor for up to fou r hours,
o r a 100-watt po rtabl e light fo r 45
mi nutes.

Rec ha rg i ng th e pow er pack is
simp le, usin g th e bui lt-i n charg ing

EDITING SYSTEM co nsists of five
components that are mounted to­
gether in a b lack metal f rame to
give the use r comp lete stud io ca­
pac ity at co nsumer prices. Th e five
prod ucts are : t he Creator-a Spe­
cia l Effects Gene rato r (SEC); the
Colorize r; t he Gensync-a co m­
b ination ge n lock/power supp ly ;
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NEW
PRODUCTS

Our New and Highly Effective Advanced -Place­
ment Program for experienced Electronic Tech­
nicians grants credit for previous Schooling and
Professional Experience, and can greatly re­
duce the time required to complete Program and
reach graduation, No residence schooling re­
quired for qualified Electronic Tec hnicians,
Through this Special Program you can pull all of
the loose ends of your elec tronics background
together 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 .

8 vo lumes, over 2000 pages,
includin g a ll nec essarymath and
physics. 29 examinat ions to help
you gauge your persona l pro­
gress. A truly great learn ing
experience.

Prepare now to take advan­
tage of the growi ng demand for
people able to work at the engin­
eering leve l.

Ask for our brochure g iving
co mplete detailsof content. Use
your free information card num ­
be r, or write us direct ly. $89.95.
Postage Inc luded Sat isfact ion
guaranteed or.rnonev.refunded.L --

Ba nner
Technica l
Books, Inc.
1203 Grant Ave,
Rockford IL 61103

EARN YOUR \ ,,'V
E eB.S.E. . \

DEGREE
THROUGH HOME STUDY
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ELECTRONIC
ENGINEERING
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"BEA M BUILDER" is a tr ademark of Sencore, Inc.
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innouatiuely designed
wi th your time in mind.

Call Today Wats Free 1·800·843·3338

SeNCORe
3200 Sencore Drive
Sioux Falls, SD 57107
605·339·0100 In SD Only

with the new improved CR70 "BEAM BUILDER"TM
Un iver sa l 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?

Th r own a way a good TV CRT, data display CRT, or scope CRT that
could have been used for another two or three years because you had no
way to test or restore it?

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

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

Avoided handling profitable trade-ins or rentals 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 the job, but didn't have the right
adaptor socket or setup information in your setup 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. I
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spec ial effects suc h as po lar iza ­
tio n, post eri z ati on , and m o no ­
chro me, and get more patte r n
wipes tha n on any other simi lar ly
p ri ced SEC. It s suggested reta i l
p rice is $499 .95 .

The Colorizer puts a fu ll-range
of co lo r magic at the user's f inger­
ti ps w he n co mb i ned w it h t he
Creator. It can also be used with
ju st a VCR. There are nine d ifferent
patte rns: co lo r bars and gray-scale
gene rato r; cross hatc h/g rid; co lor
posteri zati on ; dot s; art patt ern s/
mosai c-l oo k; psych ed el ic bl end­
ing, and movem en t of .co lo r pat ­
tern s. Its pri ce is $299 .95 .

The Gensync synch ro nizes sig­
nals from d ifferent sources to en­
han c e t he Creator's abi l i t y to
perfo rm li ke an expensive st udio
SEC. Wi th it, t he Creator can pro­
du ce such spec ial effects and mi x
functions as supe r (superimpose
one im age on another), disso lve,
o r cut . It has a suggested ret ail
pr ice of $299 .95 .

The mod el 70 10 audi o-vi sual
processor includes feat ures such
asa delay contro l t hat lets th e user
split t he scree n in to four parts for
in stan tan eou s co m pa rison w he n
adjust ing; an im age enhancer that
let s t he use r contro l sharpness
and detail ; a no ise-reduct ion cir­
cuit , and an automat ic stab ilize r
w it h LED that ind icates w hen th e
pi ct u re is rock-steady. The sug ­
geste d reta i l price is $478.95 .

The mod el 7100 co lor processo r
has co ntrols for f lesh to ne, chro­
ma, co lor sat urat io n/i ntens ity,
fade , vi deo gain, and del ay for
split-screen compariso n. A black­
reference set up co ntro l lets t he
user fi ne-tune f ro m black fo r accu­
rate co lor reprod uct ion. The sug­
gested reta i l pri ce is $379 .95 .

Th e p r ice of t he asse mbled
Editing System is $2699 .00.-Show­
t ime Video Ventu re, 2715 Fifth
Street, Till amook, OR 97141 .



R-E Engineering Admart
Rates: Ads are2%" x 2W'. One insertion $825 . Sixinsertions$800 each .Twelve
insertions $775 each . Closing date same as regular rate card. Send order with
remittanceto Engineering Admart, RadioElectronics Magazine, 500-B Bi-County
Blvd., Farmingdale, NY 11735 . Direct telephone inquiries to Arline Fishman, area
code-516-293-3000. Only 100% Engineering ads are accepted for thisAdmart.

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 Arl ine Fishman. Limited numb er of
pages available. Mail materials to:
Engin eering Admart , RADIO-ELEC­
TRONICS, 500-B Bi-County Blvd., Farm­
ingdale, NY 11735.

EARTH STATION RECEIVER, th e
model ESR224 0, is design ed fo r
CATV, SM ATV, hotel/motel, broad­
cast, and te leco nfe renc ing ap­
pli cati ons. It mounts in a standard
19-in ch rack panel and has th e fo l­
lowing feat ures, designed wi th t he
co m mercia l o pe rator in min d :
b lock d own -con ver si o n w it h
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~
a: sig nal inputs w it h automat ic o r
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A professional package enabling
you to design. edit, print & plot
electronic schematics. Suppo rts "'A"
through "E" size sheets. over 2000
Unique Library Parts, Part Rotation ,
Unlimited Hierarchy, Grids, Auto
Panning, 5 Zoom Levels, Rubber­
banding, Powerful Macros, Hi-Res
Color & Mo nchrome Graphics, Mu ch
Mo re! $495 Includes Everything.

Call or Write for Free Demo Disk.

OrCAD Systems COfJ>oration IIlE3
1049 s.w. Baseline St. Suite 500 tl±ttl ­

Hillsboro, OR 97123
(503) 640-5007
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CONTROL YOUR DESTINY
KNOWLEDGE IS POWER

HOME SATELLITE TV INSTALLATION &
TROUBLESHOOTING MANUAL (Spanish or English)
"Tbe acknowledged industry home TVRO bible" ... .. $29 .95

HOME SATELLITE TV INSTALLATION VIDEOTAPE
"Install & tune up your TVRO'"(Spanish or Engli sh) ... $39 .95

THE HIDDEN SIGNALSO N SATELLITE TV
"'Your TVRO can detect much more " $19 .95

-N~w BooIt R.ele~se~

Ku-BAND SATELLITE TV-THEORY, INSTALLATION
AND REPAIR The Ku-Bend Biblf'-3B6 pages $19.9 5

SATELLITE & CABLE TV
SCRAMBLING & DESCRAMBLING Understand the
VideoCipher and Oak Orion Decoders $19 .95

~RDER NOW-
Sendcost plus S2 shfpclng for eac h item to:

BAYLIN/GALE PRODUCTIONS
1905 Ma riposa - Suite 105

Boulder, CO 80302
TO O RDER O NLY

1-800-634-2255 EXT. 330 (NATIO NA l)
1-800- 847-46 63 EXT. 330 (CALIF,)
f OR ANY OTHERINFORMATION

(303 ) 449-4 55 1
Add S1 per item when using

VISNMASTERCARD
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manual polarity ch angeover for
dual-feed in stallati on s; a 950-1459
MHz IF loop-through output th at
allows the stacking of multiple re­
ceivers per polarity w itho ut split­
ters; a saw fil ter for maximum ad­
jace nt-channe l and interference
rejecti on with minimum signal dis­
to rt io n; and optional dual aud io
out puts for co nt ro l ton es or sec­
ond audi o-sub carrier output.

The model ESR2240 is priced at
$899 .00 .- R.L. Drake Company,
P.O . Box 112, Mi ami sburg, OH
45342.

FREQUENCY STANDARD, th e
Counter-Ma te, provides stable 1­
MHz and 10-MHz sig nals to irn-

117 PRACTICAL IC
PROJECTS BUILD YOU CAN
2645T-117 PRAC­
TICAL IC PROJECTS
YOU CAN BUiLD.....
$10.95. Dozen s of
fully-tested , ready-to­
build circuits you can
put together from
readily-available , low
cost IC 's! There are a
total of 117 IC circuits
ranging from an audio mixer and asignal
splitter toatape-deckamplifier and atop­
octave generator organ! From TAB

_ Books . To order your copy send $10.95
plus $2.75 shipping to Electronic Tech­
nology Today Inc., P.O. Box 240, Mas­
sapequa Park, NY 11762-0240

LINEAR IC EQUIVALENTS
& PIN CONNECTIONS

Linea.IC
Equ ivalents
a nd Pin
ConnectIons

~ . ')
I. I

t

BP141-Shows equivalents & pin con­
nections of a popular user-oriented
selection of European , American and
Japanese liner IC .'s 320 pages , 8 x 10
inches . $12.50 Plus $2.75 shipping .
ELECTRONIC TECHNOLOGY TODAY
INC., PO Box 240, Massapequa Park,
New York 11762-0240.

prove th e accuracy of count ers and
oth er in struments. A preci si on
third-overton e 10-MHz crystal,
mounted in a proporti on ally con­
troll ed coppe r oven, ages less than
± 3 x 1D-8 Hz per month and drifts

CIRCLE 33 ON FREE INFORMATION CARD

less than ± 5 x 1D-8 Hz f rom 0 to
40°C. A 50-tu rn frequ ency trimmer
has a sett ability of 1 x 10-9 Hz and
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innovatively designed
with your time in mind.

Call Today Wats Free 1-800-843-3338

SENCORE
3200 Sencore Drive
Sioux Falls, SD 57107
605-339-0100 In SD Only

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 t roubleshooting?

Cut costly callbacks and increase customer referrals by completely
performance testi ng 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 an y chassis in minutes without taking the back off the receiver or
removin g 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 hi gh voltage transformer . . . in- or out-of-circuit?

Protect your future by servicing VCRs for your customer s before they
go to your competi tion? Walk out "tough dog" troubles in any VCR chromi­
nance or luminanc e circuit - stage-by-stage - to isola te problems in
minutes? Have proof positive test of the video record/play head s before you
replace the entire mechanism?

Increase your business by meeting all TV and VCR manufacturer s'
requirements for profitable warranty service work with this one univer sall y
recommended analyzer?

To prov e it to yourself, CALL TODAY , WATS FREE, 1-800-843-3338, for
a FREE Self Demo ... or learn how the VA62 works fir st by calli ng for
your free simplified operation and applicati on instructi on guide, worth
$10.00.

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

time ... or your money back
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It is capable of operat ing in
harsh environments where it is ex­
posed to moisture and tem­
perature levels from 0 to 50°C. The
model HY6300 contains a custom
hybr id circuit t hat is capab le of
measuring vo ltages from 100 milli­
vo lts to 200 volts, current from 100
nA to 2 A, and resistance from 1
oh m to 20 megohms. The meter
can be powered by eit her a 9-vo lt
battery or a single 5-volt supp ly.

The model HY6300 is priced at
$39.95.- Hytek Microsystems, Inc.,
980 University Ave. , Los Gato s, CA
95030.

VIDEO-HEAD CLEANER, the
model C}-51, comes with a bottle
of cleaning f luid that is sto red in a
compartment in the cartridge. The
user removes the bottle, unscrew s

DIGITAL PANEL METER, the model
HY6300, is a 3W' di g ital panel
meter with 0.4" LCD digits and bal­
anced differential analog inputs in
a co mpact watertight package (less
than W' deep.)

is mechanically stabl e. Both out­
puts will drive TTL or 50 ohms with
-5-ns ri se and fall tim e squa re­
waves . The output impedance
properly matches power splitt ers
for gen erating iso lated signals to
operate several inst ruments.

The Counter-Mate is priced at
$350.00.- Wenzel Associates, Inc.,
11124 Jol lyvi lle Road , Au stin , TX
78759.



the cap, and pours 10drops of f luid
onto the clean ing tape. The car­
tridge is inserted in the VCR and
the PLAY button is pressed. The
STO P button is pressed after 10 sec­
onds to end the cleaning process.

The model Cj-51 uses a residue­
free mixture of Freon and alcohol,
p lus a non-abrasive, spun-bound
polyester tape to clean the VCR
heads. It is priced at $11 .95.-Video
Dynam ics, Inc ., 6525Oxford St., St.
Lou is Park, MN 55426.
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CELLULAR TELEPHONE,the model
500/555, allows users to talk on the
telephone even when they are not
in their cars .

A lightweight rechargeable bat­
tery'pack-powers-the'system:-Two ­
d ifferent batter ies are avai lab le :
the 60-minuteand the 140-min ute

THE MODEL WTT-20 IS ONLY THE SIZE OF
A DIME, yet transmits both sides of a tele­
phone conversation to any FM rad io with
crystal clarity. Telephone line powered - never
needs a battery! Up to V.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 INDUS TRIES, Box 607, Bedford
Hills , NY 10507. (914) 232-3878.
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APPLIANCE REPAIR HANDBOOKS-13
vo lumes by service experts : easy -to­
understand diagrams, illustrations . For major
appl iances (air cond itioners , refrigerators ,
was hers, dryers , microwaves , etc.). elec.
housewares, persona l-care app liances .
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.
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talk-time batteries. W ith the bat­
tery, the entire unit weighs on ly 7.5
or 10.25 po unds, respect ively.

The system has a 50-number
memory that can be recalled by
pushing three buttons, a t imer to
keep track of how long each cal l is,
and an electronic vo lume control.
An electronic lock is provided to
restrict outgoing cal ls.

A large dig ital display al lows
users to view the numbers in the

8 memory at the push of a button .
z The disp lay is also back-l ighted.
a? The model 500/555 is priced ato $2216.00 w ith the 60-minute bat­
~ tery; $2374.00 with the 140-minute
LU6 battery.-Mitsubishi International
(5 Corporation, 879 Supreme Drive,
~ Bensenville, IL 60601. R-E
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A CARE ER START FOR THE 21ST CEN­
T URY. Since 1905, Nat io na l Techni cal
Schools has helped people build successfu l
careers. Enter the 21st Ce ntury through
home study courses in Robotics, Computer
Technology and Servici ng, Microprocessors,
Video Technology, Basic Electronics, Trans­
portation Technology, Climate Control Tech­
nology or TV and Radio Servicing. For a
FREE cata log, ca ll 1-80 0-B- BETT ER. Or
write NTS/INDEPENDENT TRAINING
GROUP,456 West M. L. King Jr. Blvd. L.A .,
CA 90037 .
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ARD-35 DIGITAL AUTORANGE MULTI­
TESTER with case. 3Y2digit LCD under $59.
• DMR-45, 4Y2 digit multitester, 32 ranges
with case; .5 LCD under $116. • DM-3520 CF
oversize 3Y2 digit LCD with case, frequency
capacity 20 amps $85. EMCO ELEC­
TRONICS, P.O. Box 327, Pla inview, NY
11803. Send for your free catalog.
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THERMOPROBE-QUICKLY IDENTIFIES
DEAD PC BOARD COMPONENTS. Locates
dead resistors, trans istors, IC's, diodes, and
transformers without direct contac t, in sec­
onds. Operating active components radiate
heat, dead components don't. Thermoprobe
is sensitive to Y2soF change in temperature . A
must for your workbench or field service .
Order # 209TM. ONLY $21.95 + $3.00 ship­
ping, NY Res. add tax (no COD's). BUYUS,
INC., Dept. RE387 10 White Birch Dr., Os­
sining, NY 10562, Visa or Mastercard (914)
762·4799.
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CABLE TV CONVERTERS AND DE­
SCRAMBLERS. Large selection of top
qua lity merchandise. Low prices . Quant ity
discounts . We ship COD. Most orders are
shipped within 24 hrs. Send $2.00 for catalog.
CABLETRONICS UNLIMITED, P.O. Box
266 Dept. R, S. Weymouth, MA 02190 (617)
843·5191
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CABLE TELEVISION CONVERTER, de­
scrambler and wireless remote control video
equipment accessor ies . Catalog free. CA­
BLE DISTRIBUTORS UNLIMITED, 116
Main Road , Washington, AR 11862.__
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AVCOM 's PSA-35A PORTABLE SPEC­
TRUM ANALYZER for TVRO installation and
service offers frequency coverages of 10 to
1750 MHz and 3.7 to 4.2 GHz. Features: built­
in DC blockwith +18VDC for powering LNA's
and BDC's, calibrated signal amplitude dis­
play, and internal battery with charger. The
PSA-35A, at $1965 is the most cost effective
spectrum analyzer available . AVCOM OF
VIRGINIA , INC., 500 Southlake Boulevard,
Richmond, VA 23236. Phone 804- 794­
2500/FAX 804-794-8284/TELEX 701-545
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SIMPLY SNAP THE WAT-50 MINIATURE FM
TRANSMITTER on top of a 9v battery and
hear every sound in an entire house up to 1
mile away! Adjustable from 70-130 MHZ. Use
with any FM radio. Complete kit $29.95 +
$1.50 S + H. Free shipping on 2ormore !COD
add $4._Call_or send VISA, MC, MO. DECO
INDUSTRIES, Box 607, Bedford Hill s, NY
10507. (914) 232-3878.
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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 [174-21 6 Mhz]
Highly selective 60dB notch. Send $30 each.
Quantity prices as low as $14. STAR CIR­
CUITS, P.O. Box 8332, Pemb roke Pines,
FL. 33084
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ZENITH SSAVI $169; reconditioned. Surplus
N-1 2, SB-3, Hamlin. Satellite Systems, con­
verters, amplifiers, accessories. Money-back
guarantee. SSAVI project handbook $6.50
ppd . Radar speed tim ers for baseba ll,
hockey, car/boat racing, bowling. Profession­
al models used by police. AIS SATELLITE,
INC., P.O. Box 1226-E, Dublin, PA 18917.
215-249-9411.
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NEW: PANASONIC VIDEO SWITCHER. Re·
cord a cable channelwhile viewing any one of
your 4 video options, another cable channel,
2nd VCR, TV games, video camera, etc. No
need to use your cable converter for channel
selection VCS-1 gives your cable ready TV or
VCR full control of your viewing. Comaptable
with all scrambled and one way addressable
systems. $85.00 Guaranteed. Free Catalog.
(402) 331-4957 M.D. ELECTRONICS, 5078
So. 108th # 115, Omaha, NE 68106. We ac­
cept MC. Visa. C.O.D.
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DECODE THE NEW VIDEO TAPE COPY
PROTECTION SCHEME. Bothe red by
brightness changes, vertical jumping and jit­
tering while watching recent movie releases?
Stop it with the LINE ZAPPER. New kit de­
tects and removes selected lines of' ideo that
have been modified and often interfere with
normal television operation. Order your KIT
today only $69.95 plus $2.00 S & H. ELE­
PHANT ELECTRONICS, Bo x 41865- L,
Phoenix, AZ 85080. Visa /MC orders (602)
581-1973. Allow 6 weeks for delivery.
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V IDeo I N

LINE ZAPPER

V'l)£ O OUl'

MICROWAVE ANTENNAS $69.95. Now in­
cluding shipping and Lifetime warranty. We
Repair all types of Downconverters. Cable
Converters and equipment available! Pan­
asonic 450 MHz wireless converter $79.95
plus shipping. Coax cable, T.V. parts , ac­
cessories, connectors, T.v. amplifiers. Write
for free information or call for prices. BLUE
STAR IND., Dept. 105·RE 3-87, 4712 Ave. N,
Brooklyn, N.Y. 11234 (718) 338-8318 Ext.
105.
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FREE CATA LOG OF HARD-TO-FIND
TOOLS is packed with more than 2000
quality items. Yoursingle source for precision
tools used by electronic technicians, engi·
neers, instrument mechanics, schools, labo­
rator ies 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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NEWIDEAS
Broadcast-band RF amplifier

DatePrint Name

Street

Signature

New Ideas
Radio-Electronics,

500-B Bi-County Boulevard
Farmingdale, NY 11735

NEW IDEAS
This co lumn is devoted to new ideas, cir­

cuits , dev ice applications, construct ion tech­
niques, helpful hints, etc.

All publi shed entries, upon publication, will
earn $25. In addition, for U.S. residents only,
Panavise will don ate their model 333- The
Rapid Asse mbly Circui t Board Holder, having
a retail price of $39 .95. It features an eight­
pos ition rotat ing adjustment, indexing at 45­
degree increme nts, and six posi tive lock posi­
tions in the vertical plane , giv ing you a full ten­
inch height adjustment for comfortable work­
ing.

I agree to the above ter ms , and gra nt
Rad io-Electronics Magazine the right to
pu blish my idea and to subsequently re­
publish my idea in collections or compilations
of reprints of simi lar artic les. I dec lare that the
attached idea is my own original material and
that its publi cation does not violate any other
copyright. I also declare that this material has
not been previously publi shed.

City State Zip
Mai l your idea along with this coupon
to :

Title of Idea

300 o hms, so the same sOO-ohm
potenti om eter can be used.

You can co nnect an exte rnal an­
tenn a th rou gh th e amplif ie r to a
receiver th at has only a fe rr ite rod
antenna. Co nnect th e amplifie r's
out put to a coi l compose d of 10-15
turns of #30 hookup w ire wo und
aro und the existi ng fe rr ite core,
near the exist ing w inding. To ob­
tain best recept ion , experime nt
w ith the number of turns and the i r
pl acem ent. You may need to re­
verse the connectio ns to th e co il if
out put is weak.-O. }. Housley

~.Mr-"''-f~ RF
R8 C4 OIJ1'ruT

Sl!.E I O~F

TEXT I GoV
R~

10K

include resisto r R8. It w ill affec t
impedance acco rding to thi s fo r­
mula: R8 = RO U T -50. Otherwise,
co nnect output capacito r C4 di­
rectly to th e emitte r of Q3.

Construction
The circuit can be wired up on a

pi ece of perfboard ; a PC board is
not necessary, altho ugh o ne can
be used . However yo u build th e
ci rcu it, keep lead len gths sho rt
and di rect , and separate th e input
and output stages. You may have
space to in stall th e amplifi er in
yo ur receiver. Otherwise, in stall ­
ing it in a metal case will redu ce
stray-sig nal pickup. You' ll have to
provid e app ro priate connectors
on the case. Connect the amplifier
to t he antenna and radi o using
sho rt lengths of coax .

The circuit has only one adjust­
ment. Connect a source of 12-vol t
DC power to th e circuit , and adjust
R3 so that th ere is a 1.6-volt drop
across R2.

If yo u' re not sure of th e imped­
ance of yo ur antenna, co nnect a
sOO-o hm pot ent iom et er for R1,
and adj ust it for best reception .
Then substitute a f ixed-value re­
sisto r fo r the potentiomete r.

You may want to fo llow th e same
procedure wi th th e output circuit
(R8), if yo u' re not sure of yo ur re­
ce iver's input imped ance. Co m­
mo n impedances are 50, 75, and

::'

FIG. 1

+ ...

R)..
11 0 .1L

C \
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RF~~_---l~
INPUT

Rl
~E E"
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r-_--- -_------ - - -.-.+12V

UN LESS YOU OWN A TOr-OF-THE - LiNE

receive r o r car radio , your AM re­
ceptio n may not be as good as it
sho uld be. The reason is th at few
low- to mid-pri ce receivers and ra­
di os incl ude RF ampli f ier s. By
addi ng one yo urself, however, yo u
can improve reception at minimal
cost. The RF amp shown here uses
read ily avai lab le pa rt s, has wi de
band w id th , and is very stab le . In
addit io n, by varying the values of
severa l resistors, yo u can match
the ampli fi er's input impedan ce to
yo ur antenn a, and its output im­
pedance to your radi o .

How it works
Th e co m p lete sc he mat ic is

shown in Fig. 1. The circuit has a
frequency respon se rangi ng from
100 Hz to 3 M Hz; gain is abo ut 30
dB.

Field-effect t ransisto r Q1 is con­
f ig u re d in th e co m mon-so u rce
self-b iased mod e ; o p t iona l re­
sistor R1 allows yo u to setthe in pu t
impedance to any desired value .
Commonly, it w ill be 50 o hms.

Th e sig na l is t he n d i rect-cou­
pled to Q2, a common-base circuit
that iso lates the input and o utput
stages and prov ides th e amplifier's
exceptional stabili ty.

Last, Q3 functio ns as an emitter­
fo llower, to provide low out put im­
pedance (about 50 ohms). If you
need hi gh er o utput im pedance,
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Now electronics technicians can get into VCR Servicing quickly and easily

Learn protessinnal VCR servicing
at home or in your shop

with exclusive videotaped
demonstrations

:s::»
JJo
I

43
2600-037

Professionals. Examine it for 15 full
days, look over the lessons, sample the
videotape. If you're not fully satisfied
that this is the kind of training you and
your people need to get into the profit­
able VCR serv icing business, return it
for a prompt and full refund, including
postage. Act now, and start adding new
business to your business .

Covers Beta and VHS
systems with actual

--- '\ instruction on
videotape.

CardNumber ExpirationDate, _

Signature _

(required for credit cardsales)

Name (please print)' _

Company _

Street; _

City/StatelZip _

Enclosed ismy 0 check 0 moneyorderfor$179.95 (D.C. residents add 6% tax)Make checkpayable toNRI
Charge to 0 VISA 0 MasterCard _

Interbank Number

The Best Professional
Training

This exclusive self-study course has
been developed by the professionals at
NRI. NRI has trained more televis ion
technicians than any other elec tronics
schoo l! In fact, NRI has consistently
led the way in developing troubleshoot­
ing techniques for servicing virtually
every piece of home entertainment Special Introductory Offer
equipment as it appears in the market- This comp lete VCR training course
place . with two hour videotape is being

Satisfaction Guaranteed offered for a limited time only, on
orders received from this ad, at our low

. ... IS-Day No-Risk introductory price of $179.95 . Save
Examination $20 by acting now !

NRI Training For Professionals
Send today ~or the new ~~I Self- McGraw-Hill ContinuingEducation Center

S~d~C~n~ll~~ ::r~l~ ~ __32!~o~~n~W~n~,.ES ~16__

YES'Get me started in profitable NRINRI Training For Professionals
• VCR servicing. Rush me my McGraw-Hill Continuing

NRI self-study course in VCR Servicing for • , ~ Education Center
Professionals . ~ u~derstand I.may return it for t"~l! r;r 3939 Wisconsin Avenue
a f~ll refund within 15 days Ifnot completely I''-n 1"- Washington, DC 20016
satisfied, - •
PLEASESPECIFY TAPEFORMAT DESIRED 0 VHS 0 BETA

Today, there are more than 10 million
VCRs in use , with people standing in
line to have them ser viced . You can
bring this profitable business into your
shop with NRI professional training in
VCR servicing. This top-leve l training
supports the industry 's claim that
the best technicians-today are-those- - ­
who service VCRs .

Integrated Three-Way
Self-Teaching Program
In one integrated program, NRI

gives you a study guide, 9 instructional
un its, 2 hours of video training tapes
accompanied by a 32-page workbook
that pulls it all together. At home or in
your shop, you'll cover all the basic
concepts of video recording , mechani-
cal and electronic systems analyses,
and the latest troubleshooting tech­
niques. Your workbook and instruction­
al units also contain an abundance of
diagrams, data, and supp lementary
material that makes them valuable addi ­
tions to your servicing library.

The "How-To" Videotape
Your NRI Action Videocassette uses

every modern communications tech­
nique to make learning fast and easy.
You' ll enjoy expert lectures and see
animation and video graphics that make
every point crystal-clear. You'll follow
the camera eye into the heart of the
VCR as step -by-step servicing tech­
niques are shown . Both electronic and
mechanical troubleshooting are covered
.. . including everything from com­
plete replacement and adjustment of the
recording heads to diagnosing micro ­
processor control faults.

Plus Training On All The
New Video Systems

Although your course concentrates
on VCRs covering Beta, VHS , and 3/4"
U-Matic commercial VCRs, NRI also
brings you up to speed in other key
areas . You 'll get training in capacitance
and optical video disc players , projec ­
tion TV , and video cameras. All are in­
cluded to make you the complete video
technician . There's even an optional
fina l examination for NRI's VCR Pro­
fessional Certificate .



HERB FRIEDMAN,
COMMUNICATIONS EDITORNoise isn't always bad
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by the receiver section of a trans­
ceiver; and R2 will be replaced by
the input to an antenna tuner. Fig­
ure 3 shows the circuit that results.

continued on page 122

ohms, the bridge is balanced.
Therefore, no signal will flow
through the headphones.

Now imagine that we unbalance
the bridge by changing R2's value
to something other than 50 ohms.
The arms of the bridge are no lon­
ger balanced, so a signal will be
heard in the headphones. In actu­
al practice, a single transformer
would replace T1 and T2; the cir­
cuit would resemble the one
shown in Fig. 2-b.

Now let's show how the Tuner­
Tuner works. Rather than a 1000­
Hz tone, the signal source will be a
white-noise generator that pro­
duces a range of signals at fre­
q uencies th ro ugh out the VH F
spectrum. Also, T3 (in Fig. 2-b) will
be replaced by an RF transformer;
the headphones will be replaced

R2

I .

circuit simply shows how to cou­
ple a1000-Hz signal into the bridge
so that both "arms" of the bridge
conduct equal current. Resistor R1
is 50 ohms, so, if R2 is set for 50

___. _ -- -r.:---'""<~"."..

1000-Hz
INPUT
~

Palomar

FIG.1

a

The Noise Bridge
For those of you who have never

used a noise-bridge, fear not; this
will not be a three-part tutorial on
noise-bridge design. We'll stick
with the Tuner-Tuner.

To understand how it works, ex­
amine the simplified bridge cir­
cuits shown in Fig. 2-a and Fig. 2-b.
In Fig. 2-a, the T1 and T2 connec­
tions may appear unusual, but the

OVER THE YEARS I HAVE HANDLED MANY

transmitters-everything from
flea-powered QRP's to 20-kW FM
blockbusters-and, with the ex­
ception of the -QRP's ,you-were­
warned to tune most of them
fast-or else.

You had to tune up fast in order
to keep heat dissipation in the final
amplifier to a minimum, because
excessive heat dissipation can
damage or destroy an amplifier, be
it a vacuum-tube or a solid-state
device.

I tuned UHF TV-relay transmit­
ters by literally opening the door
of the cabinet; I dipped (reso­
nated) finals by tuning until the
color of an amplifier's plate
changed from deep red to orange;
and I sent many finals up in smoke
in the early days of solid-state RF
power amplifiers. In most in­
stances my hand was quicker than
the eye, or at least the heat, so I
could tune up faster than the
gremlins could destroy the final.

But when it came to antenna
tuners, particularly those for long­
wire antennas, the heat may out­
race the fingers, because it can
take much fiddling with two or
three knobs before the input im­
pedance of the tuner is within the
range of the transmitter's adjust­
ments. In fact, I often wondered
how much damage I caused a
transmitter when it took a long
time to adjust an antenna tuner.

Of course, until recent times I
didn't have the luxury of a Palomar
Engineers (Box455, Escondido, CA
92025) model PT-340 Tuner-Tuner,
shown in Fig.1. The Tuner-Tuner is
a noise bridge that's specifically
designed for pre-adjusting the an­
tenna tuner before the transmitter
is ever keyed (turned on).
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Hear itAll!

Specifica tions and prices are subject to chang e wi thou t notice or obl igation .

R-5000
High performance receiver
THIE high performance receiver is
here from the leader in communica­
tions technology-the Kenwood
R-5000. This all-band, all mode
receiver has superior interference
reduction circuits, and has been
designed with the highest perform­
ance standards in mind. Listen
to foreign music, news, and com­
mentary.Tune in local police, fire,
aircraft , weather, and other public
service channels with the VC-20
VHF converter. All this excitement
and more is yours with a Kenwood
R-5000 receiver!

• Covers 100 kHz-30 MHz in 30
bands, with additional coverage
from 108-174 MHz (with VC-20
converter installed).

• Superior dynamic range. Exclusive
Kenwoo d DynaMix'" system ensures
an honest 102 dB dyn amic range .
(14 MHz, 500 Hz bandwidth , 50 kHz
spacing .)

R-2000 150 kHz-30 MHz in 30 bands
• All modes . Digital VFOs tune in 50 Hz,
500 Hz. or 5 kHz steps . 10 memory channels
• Programmable scanning . Dual 24- hour digital
clocks, with timer. 3 built- in IF filters (CW filter
optional) • All mode squelch, noise blanker, RF
attenuator, AGC switch, S meter. 100 /1201
220/240 VAC operati on . Record, phone jacks
• Muting terminals. VC-10 optional VH F
converter (118-174 MHz)

.100 memory channels. Store mode,
frequ ency, antenna selection.

• Voice synthesizer option.
• Computer control option.
• Extremely stable, dual digital

VFOs. Accurate to ±10 ppm over a
wide temp erature range .

• Kenwood's superb interference
reduction. Optional filters further
enhance selectivity. Dual noise
blankers built- in.

• Direct keyboard frequency entry.

• Versatile programmable scanning,
with center-stop tuning.

• Choice of either high or low
impedance antenna connections.

• Kenwood non-volatile operating
system . Lithium battery backs up
memories; all functions remain intact
even after lithium cell expires.

• Power supply built-in. Optional
DCK-2 allows DC operation.

• Selectable AGC, RF attenuator,
record and headphone jacks, dual
24-hour clocks with timer, muting
terminals, 120/220/240 VAC
operation.

Optional Accessories:

• VC-20 VHF converter for 108- 174 MHz
operation . YK-88A-1 6 kHz AM filter
• YK-88S 2.4 kHz SSB filter. YK-88S N 1.8
kHz narrow SSB filter · YK-88C 500 Hz CW
filter . YK-88C N 270 Hz narrow filter
• DCK-2 DC power cable » HS-5, HS-6 ,
HS-7 headphones. MB-430 mobile bracket
• SP-430 external speake r s VS-1 voice
synthesizer . IF-232C/IC-10 computer
interface.

More information on the R-5000 and
R-2000 is available from Authorized
Kenwood Dealers.

KENWOOD
TRIO-KENWOOD COMMUNICATIONS
11 11 West Walnut Street
Compt on, California 90220
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Do Y ou R EALLY Want to M ake M ore M oney ?
Yes it do es ta ke 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 mu st do - work harder at learning
and gett ing the right credentials, even if it tak es a
few sacrifices. A B. S. degree and the knowledge
that rightly goes along with it can give you powerful
ladd er-climbing equipment in your search fo r suc­
cess in electronics.

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

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 m ove 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
supplied by the College. Your technical questions
related to these materials and the lesson tests are
promptly ans wered by the Grantham home-study
teaching staff.

Recognition and Quality Assurance
Grantham College of Engineering is accredited by
the Accrediting Commission of the National Home
Study Council, as a degree-granting institution.

•
All lessons and other study materials, as well as com­
munications between the college and students, are in the
English language. However, we have students in man y
foreign countries; a bout 80% of our students live in the
United States of Amer ica.

This booklet
FREE!

en
~ This free booklet

a? explains the
b Gra ntha m B.S.
~ Degree Program,

6 offered by ind e­
is pendent study to
~ those who work

in electronics.
46

for
FREE
Booklet
CLIP
COUPON
ana mail in
envelope or
paste on
postal

~~~~?cara.

.----------------------.
I Grantham College of Engineering R-3-87 I
I 10570 Humbolt Street, Los Alam itos, CA 90720 ,

I I
I

Please ma il me your f ree catalog which explains your I
I B.S. Degree independent-study program. I

I I
I Name AgEL-_ I

I Addr ess ", ,
I City State Zip__ IL .....J
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Choosing a format
While the camcorder was a straightforward technological

development, buying a camcorder is far from simple . If you
thought the format war between VHS and Beta videocassette
recorders was a dispute that lead only to confu sion , then
consider the formats available in camcorders.

There are, of course, camcorders that use VHS or Beta
videotape. Unfortunately for proponents of the Beta system,
that format is still supported only by its originator, Sony (Sony
Drive, Park Ridge, NJ 07656). If you already own Beta equip­
ment and would like to purchase a compatible camcorder, you
have only one choice: Sony's mode lBMC-660K, which carrie s a
list price of $1495. Unles s you are comp letely devoted to Beta , it
appears that the selection of another format is in order.

However, eliminating Beta does not significantl y simplify the

TWENTY-SEVEN YEARS AGO, AM ERICANS EL EC T ED

John F. Kennedy President of the United States.
Television and film captured most of the public
events of his presidency, but much of what we know
regarding his personal life comes from home movies
made on the beaches of Cape Cod and around the family
home.

The technology has changed since Kennedy 's day. Increasing num­
bers of people are capturing the personal highlights of their lives for
viewing on their home TV screen . Videotape has superseded film.

At the start of the so-called video revolution , a few pioneers
turned to portab le videocassette recorders and, with a separate
video camera, began recording their own home videos. That
two-piece approach was inconvenient because of the entangle-
ment of wires , bulky weight, and limited mobility. Manufac­
turers, responding to consumer demand, dispensed with the
two-piece approach and created a smaller and lighter piece of
equipment that combined the recording ability of the VCR
and the picture-taking ability of the video camera into one
product. The result was called a camcorder.

FRANK VIZARD

A Buyer's
Guide to
Camcorders

- VRS::C,-VRS,-Smm, Llmm, or

Beta? Find your way through the
camcorder maze with this up-to- date
buyer's guide.
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selection process. The VHS form at itself
has a stepchild called VHS-C. Unrelated
to either VHS format, or to Beta, is yet
another format, called 8mm. Finally, we
may be seeing a 4mm format before long.

Smaller is better
All tho se comp eting form at s are

basically a multitud e of solutions to a sin­
gle problem-how to redu ce the cam- .
corder to a comfortable size. A standard
VHS casse tte is seven inches long. Any
camcorder that uses such a casse tte is un­
wieldy, although some of the latest mod­
els have shown some remarkable progress
in downsizing. VHS camcorders do have
several significant advantages . One is that
the cassettes can be played back on any
home VHS player without an adapter.
Second, they offer relatively long record ­
ing times . Most VHS camcorders allow
you to record for up to two hours at stan-

- dard speed. Many YHS camcorders can
also record at a slower speed, effec tively
lengthenin g the available record ing time.
The maximum recording time on Gold­
star's (1050 Wall St. West, Lyndhurst , Nl
07071 ) GVM-70A, for exampl e , is 240
minute s. A maximum recording time of
160 minutes is more comm on , however.

SONY CCD-V3

Despite that , the race for miniaturiza­
tion goes on unabated . It has given ri se to
VHS-C, 8mm, and now, due sometime
this summer from Samsung (30 1 Mayhill
St. , Saddle Brook, Nl 07662), 4mm.

Early reports indicate that while the
4mm camcorder itself will be about the
same size as a VHS- C camcorder, the tape
itself will be even smaller than the 8mm
casse tte, which is now the smallest on the
market. Recording time will be up to 80
minutes. The 4mm camcorde r will also
have a built-in VHF/UHF tuner and a 2Y1­
inch monitor. The built-in tuner means
that the 4mm camcorder could double as a
home deck, although the limited record­
ing time would hamper its effec tiveness in
such a role . The monitor is reportedly an
LCD type, which would make it a first in
camcorders. The image created by those
devices is not as sharp as that created by a

OLYMPUS VX-403

CRT. However, the image is acceptable for
use in a camcorder, and the LCD 's flat
profile helps reduce the overall size of the
unit.

The list price for the new 4mm cam­
corder will reportedly be about $1300.
Presum abl Y-.J!....!!1odel witho ut a tun er
would cost much less. If Sam sung's 4mm
model meets with any success, there 's
little doubt that others would produ ce
models using the format.

For the moment , though, the mini­
aturization battle is being waged between
the VHS-C and 8mm formats . The VHS­
C cassette is less than four inch es in
length , roughl y the size of a pack of play­
ing cards. A typical VHS-C camcorder is
about II inches long by 8 inches high­
about the dimen sions of the magazine you
are reading . VHS-C camcorders are also
lighter than their full sized counterparts,
averaging about three pound s, compared
to about 5Y1 pound s for a standard-size d
model.

The tape 's small size is largely respon­
sible for the VHS-C camcorder's size.
The tradeoff, as we previously mention ed ,
is that the smaller cassette holds less tape ,
and therefore provides reduced recordin g
time.

Standard record ing time is 20 minutes,
although newer VHS-C camcorders in­
crease recordin g time to 60 minutes . The
sma ll size of the VHS-C cassette also
means there is a hidden cost. VHS-C cas­
settes cannot be played back on a standard
VHS videocassette recorder without the
use of an adapter. The pri ce of the adapter
is about $70.

A number of companies offer VHS-C
camcorders, but the genre was started by
lVC (41 Slater Drive, Elmwood Park , Nl
07407), and any new development s in the
format are likely to come from that com­
pany. lust recently, for example, l VC un­
veiled the sma lles t VHS-C camcorder
yet.

The GR-C9 weighs only 1.7 pounds and
lists for about $1000. Considering the dis­
counts available from many retai lers, the
GR-C9 is perh aps the most affordable
camcorder ever offered for sale .

Its affordability and small size are due
principally to the fact that the GR-C9 is a
record-only device . Most other camcor-

ders have a built-in black-and-white video
monitor that allows you to play back what
you have recorded immediately. With the
GR-C9, you' ll have to postpone gratifica­
tion until you get home to a VCR. The
lack of a playback feature also means
you' ll be unable to dub from the cam­
corder to a VCR. To make copies or to
edit your tape you' ll need two VCR 's. If
you intend to direct your own video movie
you may be better off with a more sophis­
ticated machine, but from the standpoi nt
of just taking video snapshots, the GR-C9
is a suitable choice .

The GR-C9 , incidentally, also features
an interes ting des ign innovation . Most
camcorder battery packs attach to the rear
of the unit. The battery pack for the GR­
C9 doubles as the camera's grip, reducin g
the overall size of the unit even more .

While the VHS-C camcorder initially
had the edge as far as lightn~s~ and small
size were concerned, 8mm camcorders
are narrowing the gap fast. For the most
part, ea rly 8mm camcorders were as
heavy and large as their full-size VHS
compe tition, even though the tape used in
8mm camcorders is smaller in size than
even the VHS-C cassette . However, recent
models have put the 8mm camcorder into
the flyweight class with VHS-C.

Sony's CCD-V3 Handycam cam-

CANON VM-E1

corder, for instance, weighs only three
pounds, two ounces. The CCD -V3 is an
upgraded versio n of the CCD-M8U
roundly knocke d by l VC last fall in a
nationwide television-adverti sing cam­
paign.

Unlike the CCD-M8U, the CCD-V3 in­
corporates built -in playbac k capability ,
automatic focus, and a zoom lens. There' s
also a difference in price; the CCD-M8U
listed for $1250 while the CCD-V3 now
carr ies a $1500 price tag .

Sony is aggressive ly leading the push
for 8mm, but it is not alone in making
8mm camcorders smaller and lighter. The­
Olympus (Crossways Park , Woodb ury,
NY 11797) VX-801, for example, weighs
in at 3 .3 pound s and features a full com­
plement of features at a list price of $1850.

The major advantage the 8mm format
has over the VHS-C format, however, is
the amount of record ing time. Its 120-



TABLE 1-CAMCORDER SPECIFICATIONS

Min. ill . Pickup Max length Zoom
Company Model Format (lux) device (min.) Aperture rat io Hq Price

Aiwa CV-80 8mm 19 CCO 120 111.4 6:1 NA $1795

Canon VM-E1 8mm 19 Sal icon 120 111.2 6:1 NA $1695

Chinon CV-T60 VHS 7 Newvicon 160 111.2 6:1 Yes $1995
CV-T60G VHS 7 Newvicon 160 (/1 .2 6:1 Yes $1895
C8-C60 8mm NA NA 120 NA NA NA NA

Curtis Mathes AV800 VHS 7 Newv icon 160 /11.2 6:1 No NA

Fuji P100 8mm CCO NA NA NA NA NA
Z600AF 8mm NA 120 NA NA NA NA

General Electric 9-9606 VHS 7 Newvicon 160 111.2 6:1 Yes $1499
9-9608 VHS 7 Newvicon 160 f/ l.2 6:1 Yes $1599
9-9610 VHS 7 CCO 160 /11.2 8:1 Yes $1799

Goldstar GS-8AF 8mm 19 CCO 120 /11.4 6:1 NA $1695
GVM-70AF VHS 19 CCO 240 (/1.4 6:1 Yes $1695

Hitachi VM2100A VHS 7 Salicon 160 /11.2 6:1 Yes $1595
VM5000A VHS 7 MOS 160 /11.2 6:1 Yes $1695

Instant Replay Handycam 8mm 20 CCO 120 (/1 NA NA $1295
921T3 VHS 7 Newvicon 120 (/ 1.2 6:1 Yes $1895
661T3 VHS 10 Newvicon 160 (/ 1.2 6:1 No $1995
931T3 VHS 20 CCO 120 /11.2 8:1 Yes $1995

JC Penney 686-5335 VHS 10 Newvicon 160 /11.2 6:1 Yes $1700

JVC GR-C7 VHS-C 15 CCO 60 /11.2 6:1 Yes $1495
GR-C9 VHS-C 10 CCO 60 NA NA Yes $995

Kyocera KO-200K 8mm 19 CCO 120 (/1.4 6:1 NA $1745

Magnavox VR8292 VHS 7 Newvicon 160 (11.2 6:1 Yes $1799
VR8293 VHS 7 CCO 160 11.2 8:1 Yes $1899
Video Escort VHS-C 7 NA 60 (/1 .2 6:1 NA $1899

Minolta CR1200SAF VHS 7 MOS 160 f11.2 6:1 Yes $2085
CR3000SAF VHS-C 15 Saticon 60 (1.2 6:1 No $1667
CR8000SAF 8mm 7 MOS 120 f/1.2 6:1 NA NA

Mitsubishi HS-F10ur VHS 7 Salicon NA /11.2 6:1 No $1550

NEC EMA8U 8mm 7 CCO NA (/1.2 6:1 NA NA
V-20 VHS 10 CCO NA (11.2 NA Yes $1795

Nikon VN-800 8mm CCO 120 NA 6:1 NA $1850

Olympus VX403 VHS 7 CCD 160 (/1 .2 8:1 No $1950
VX801 8mm 7 CCO 120 /11.2 6:1 NA $1850

Panasonic PV210 VHS 7 Newvicon 160 (/1 .2 6:1 Yes NA
PV220 VHS 7 Newvicon 160 (/1 .2 6:1 Yes NA
PV300 VHS 7 CCO 160 (/ 1.2 8:1 Yes NA

Pentax PVC33A VHS 7 Saticon 160 (11.2 6:1 Yes $1699
PVC55A VHS 7 MOS 160 f11.2 6:1 Yes $1799
PVC800A 8mm 7 MOS 120 (/1.2 6:1 NA NA

Philco VCR801 VHS 7 Newvicon 160 (/1 .2 6:1 Yes $1799

Quasar VM·11 VHS 7 Newvicon 160 (/1 .2 6:1 Yes $1650
VM-20 VHS 7 CCO 160 111.2 8:1 Yes $1800

RCA CRM200 VHS 7 Sal icon 160 (/1 .2 6:1 Yes $1299
CM R300 VHS 7 MOS 160 (11.2 6:1 Yes $1499

Sanyo VM8 8mm 19 CCO 120 (11.4 6:1 NA $1595
VM-800 8mm 18 CCO 120 /11.4 6:1 NA $1750

Sears 53721 VHS 7 Sal icon 160 111.2 6:1 Yes $1290

Sharp VC-10UAH VHS 10 Newvicon 160 (/1.4 6:1 Yes $1900
VC20UA VHS 10 MOS 160 f11.2 6:1 Yes $1799
VC-C50UA VHS·C 10 CCO 60 f/1.6 6:1 Yes $1599

Sony BMC-66oK Bela 25 CCO 200 f/1.4 6:1 NA $1495
CCO·M8U 8mm 25 CCO 120 111.6 NA NA $1250
CCO-M9 U 8mm 25 CCO 120 (/ 1.4 6:1 NA $1350
CCO-V8F U 8mm g 19 CCO 120 f/1.4 6:1 NA $1795
CCO·V110 8mm NA CCO 120 NA NA NA $1995
CCO-V3 8mm NA CCO 120 NA NA a NA $1500

Sylvania VC151 VHS 7 Newvicon 160 (/1 .2 6:1 Yes $1799

Teknlka C6010 VHS 7 Newvicon 160 f/ l .2 6:1 Yes NA

Tosh iba SK·60 VHS·C 15 CCO 60 (/1.6 6:1 NA NA

Zenith VM6200 VHS-C 5 CCO 60 fl1.6 6:1 NA NA
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Alwa
35 Oxford Drive
Moonachie, NJ07074
CiRCLE250 ON FREEINFORMATION CARD

Canon
One Canon Plaza
LakeSuccess,NY 11042

CIRCLE251ON FREEINFORMATION CARD

Chlnon
43 Fadem Road
Springfield, NJ 07081

CIRCLE252 ONFREEINFORMATION CARD

Curtis Mathes
1 FlatCreekRd.
Athens, TX 75751

CIRCLE 253 ON FREEINFORMATION CARD

Fuji
350 5th Ave.
NewYork, NY 10118

CIRCLE254 ON FREEINFORMATION CARD

Goldstar
1050WaH St.
WestLyndhurst, NJ 07071

CIRCLE255 ON FREEINFORMATION CARD

Hitachi
401 W. Artesia Blvd.
Compton, CA 90220 .

CIRCLE256 ON FREEINFORMATION CARD

Instant Replay
2951 SouthBayshore Drive
Miami,FL 33133

CIRCLE257ON FREEINFORMATION CARD

JVC
41 Slater Drive
ElmwoodPark, NJ 07407
CIRCLE258 ON FREEINFORMATION CARD

Kodak
Rochester, NY14650

CIRCLE259ON FREEINFORMATION CARD

Kyocera
7 PowderHorn Drive
P.O. Box 4227
Warren, NJ 07060-0227

CIRCLE260 ON FREEINFORMATION CARD

NAP Consumer Electronics
(Magnavox, Philco, Sylvania)
1-40 and StrawPlains Pike
Knoxville, TN 37914-1810

CIRCLE261 ON FREEINFORMATION CARD

Minolta
101 WilliamsDrive
Ramsey, NJ 07446

CIRCLE262 ON FREEINFORMATION CARD

minute maximum is twice the recording
time of VHS-C .

The split in the market for the two for­
mats is even evident in the type of stores in
which the two formats tend to be sold .
VHS-C units are sold principally through
consumer-electronics stores . 8mm cam­
corders are sold mostly in photographic

NEe
1255Michael Drive
Wood Dale, IL 60191

CIRCLE263 ON FREEINFORMATION CARD

Nlkon
623StewartAve.
GardenCity, NY 11530

CIRCLE 264 ON FREEINFORMATION CARD

Olympus
Crossways Park
Woodbury, NY 11797

CIRCLE265 ONFREEtNFORMATION CARD

Panasonic
One Panasonic Way
Secaucus, NJ 07094

CIRCLE266 ONFREEINFORMATION CARD

Pentax
35 Inverness DriveEast
Englewood, CO 80112
CIRCLE267 ONFREEINFORMATION CARD

Quasar
9401 GrandAve.
FranklinPark, IL 60131 1

CIRCLE268 ONFREEINFORMATION CARD!,
RCA
30 Rockefeller Plaza
New York, NY 10020

CIRCLE269.0NFREE INFORMATION CARD,

Sanyo
1200W.Artesia Blvd.
Compton, CA 90220 <

CIRCLE270 ONFREEINFORMATION CARD

Sharp
Sharp Plaza
Mahway, NJ 07430

CIRCLE271ON FREEINFORMATION CARD!

Sony
Sony Drive
ParkRidge, NJ 07656

CIRCLE272 ON FREEINFORMATION CARD

Teknika
353Rt.46W
Fairfield, NJ 07006

CIRCLE273 ONFREEINFORMATION CARD

Toshiba
82 Totawa Rd.
Wayne, NJ 07470

CIRCLE274 ON FREEINFORMATION CARD

Zenith
1000Milwaukee Ave.
Glenview, IL 60025

CIRCLE275 ONFREEINFORMATION CARD

specialty stores; since Kodak (Rochester,
NY 14650) introduced the format, that
mode of distribution probably was inev­
itable. (Interestingly, though, Kodak does
not offer a true camcorder. Instead they
offer a modular system consi sting of sepa­
rate but dockable video recorders and vid­
eo cameras).

Choosing a camcorder
Critics may disagree over which format

offers the best picture , but VHS, VHS-C ,
and 8mm all provide satisfactory perfor­
mance . Therefore, choosing a camcorder
is mostly a question of convenience and
features.

For those that want simply to be able to
remove a cassette from their camcorder
and drop it into their home deck , without
the need for adapters, etc . , VHS offers an
obvious advantage (although it is impor­
tant to remember the size trade-off). True,
now there are also 8mm home decks , but
the library of prerecorded material cur­
rently available is very limited . Until that
changes , if it ever does, few will choose to
go with 8mm home systems.

On the other hand, any camcorder that
has a playback feature, and most do, can
be directly connected to any television or
monitor/receiver for tape viewing. Some
camcorders, in fact, are sophisticated
enough to serve as a household 's primary
VCR . Also keep in mind that images can
he dubbed from one format to another by
feeding your camcorder's output to your
home VCR .

Features, specifications, and price
No matter which format you choose ,

your final selection will be guided by
three factors . Those factors are the same
ones that determine the selection of al­
most any product: features, specifica­
tions, and price .

Of course, to a large degree features
and specifications determine price . As
with everything else in life, there are
tradeoffs to be made. Unless you are
wealthy, the task of selecting a camcorder
is one of finding the combination of fea­
tures and performance you want (or can
"get by with ") at a price you can afford.

Manufacturers provide 'I wealth of
specifications in their advertising liter­
ature, but for most users the most impor­
tant one is likely to be the minimum
required illumination . That specification
tells you the least amount of light required
to produce acceptable results. To add to
the confusion, some manufacturers
provide that specification in lux (which is
Latin for light), while others provide the
specification in foot-candles . A foot-can­
die is equal to the amount of illumination
provided by a candle over a one foot­
square spherical area, with every point of
the area located exactly one foot from the
light source . That light level has, of
course, been standardized. One lux
equals 0 .0929 foot-candle . Normal living
room illumination is between 60 and 120
lux, while a sunny day at the beach will
measure about 100,000 lux .

If you 're planning to record under low
light conditions then you' ll require a cam­
corder with a better-than-average mini­
mum illumination rating. That rating is
dependent on several factors , but the most
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Choosing a Tape

:i:»
JJ
o
I

NIKON VN-800

If you are purc has ing a VHS or VHS -C
uni t, you may want to look for one with
HQ (High Quality) circuitry. Beta has al­
ways enjoye d a techn ical edge over VHS
in the area of horizontal resolution. To the
viewer, that means that a Beta picture will
usually appear somewhat sharper than a
VHS one. lVC, the origi nator of VHS
and VHS -C, developed the HQ sys tem to
combat that superiority. HQ actua lly co n­
sists of three separate circuits , but many
units call themse lves HQ whi le using only
one or two. The most commo nly found
HQ circ uit is white-cl ip .extension. That
circuit redu ces the amount of white clip
by abo ut 20% , resulting in crisper out­
lines between light' and dark areas of a
scene. A no ther circuit boosts high-fre­
quency signals (whic h cont ain the picture
details) during recording . The third cir­
cuit boosts high- frequ ency picture details
dur ing play back. Note that the three cir­
cuit s are co mpl etely independent and that
any combination of them may be found in
a particular model. Also, HQ and non­
HQ tapes and equipment are completely
compatible .

Mos t ca mcorders are completely auto­
matic, offering such bell s and whis tles as
automatic ape rture se tt ing, au tomatic
white balance (the white balance se tting is
used to adjust for prop er co lor fide lity),
and autofocus . If you like more co ntro l
over your reco rding, be sure that the
model you selec t allows you to override
those automatic features. On the other
hand , bear in mind that a ca mcorder that
lacks one or more of those features can be
more difficult to use .

Camcorders are designed to be light
and co mfortable, bu t eyeg lass wearers
may have to look harder to find a comfort­
able viewfinder. Likewise , left-h and ed
people will find that mos t mod el s have
admittedly been designed for right-hand­
ed users .

As you ca n see , there are many things
to con sider when choosing a camcorder.
To make the job a little easier, we've co m­
piled a list of models available at press
time; it is found in Table I . Bear in mind
that the tab le is only a guide ; specifica­
tions , list prices, etc., are always subjec t
to change . Also, new model s are intro­
duced from time to time , and old ones are
discont inued . R-E

role in determining which images even ­
tua lly wind up on tape .

All camcorders are supplied with ...
lenses of solid, thou gh not spectacular
quality. Most are of the zoom variety, with
foca l lengths variab le between 9mm and
54mm (a 6: 1 zoom ratio). Some manufac­
ture rs , such as Panasonic (One Panasonic
Way, Secauc us, Nl 07094), Quasa r (940 1
W. Grand Ave, Franklin Park, IL 6013 1),
and General Electric (Portsmouth , VA
23705), offe r units wi th 8:1 zoom ratios .

When comparing lenses, two features
to watch for are macro and maximum ap­
erture . A macro setting allows the lens to
be used to tape items at extre me ly close
range (as close as I inch). Maximum aper­
ture (whi ch is sometimes referred to as
len s speed) tells you the maximum width
of the lens aperture or opening. The larger
the diameter of the lens opening , the more
light wi ll be admitted .

Some models have removable lenses .
Those mos t often use C-mo unts and allow
you to use wide-angle, telephoto , or any
lens that accepts that mount.

curs during dubbing. Premium tape used
at S P speeds yields the closest thing to
professional resu lts available to the con­
sumer.

Currently, manufacturers are offering
jus t one tape grade for 8mm user s.
However, becau se 8mm sta ndard re­
quires tapes that have eithera metal-parti­
cle or evaporated-metal formulation
(currentlyonlymetal-particle formulations
are ava ilable), all 8mm tapes are out­
standing performers. But quality is not
cheap ; prices for 8mm blank tape vary
betwee n about $17 and $24, depending
on tape length. Bycontrast. VHS-C blank
tape costs between $7 and $10 per cas­
sette. R·E

As with home decks, the quality of the
image recorded by a camcorder deg rades
as tape speed decreases. Therefore, if
you are exte nding recording time by
shooting in the EP or 50-minute mode , a
higher tape grade is required for best re­
sults. JVC's grade of better tape is ca lled
SuperHG

Premium- or "professional"-grade vid­
eotape, such as JVC's Super Pro is used
when top recording quality is essential.
For instance , you would use premium­
grade tape when the origina l recording is
to be dubbed to a second tape; a top­
qua lity original is necessary to minimize
the picture degradation that always oc-

IF YOU OWN OR USE A VIDE OCA SSETTE RE­

corder, you are undou btably aware of the
variety of brands and formulations of vid­
eotape on the market. Basically, most
manufacturers selltapes in 3 or 4 grades.
Each grade is suitable for almost any tap­
ing chore, although some grades are bet­
ter for certain chores tha n others . For
instance, it makes little se nse to use an
expensive professional-grade ta pe for
time shifting soap operas. On the other
hand, you would not want to entrust a copy
of a movie or TVclass ic to a standard- or
economy-grade tape.

When it comes to tapes forcamcorders,
jf you use a unit that accepts standard

VHS or beta tapes, the same tapes you
use in your home deck are used in thos e
units. Now, however; different grades of
tape a re becom ing available in the smalle r
VHS-Cformat.

For users of VHS-C camcorders, there
are basically three grades of tape avail­
able. It is pe rhaps most con venient to
think of them in terms of good, better, and
best. Let's look at the tape grades offered
by one manufacturer, JVC, and see how
each is best used ,

HG Super is JVC's "good" tape. It is
designed for general use an d is most
effective when you're shooting in the SP
or 20-minute mode .

significant of those is the camcorder's
pickup.

Init iall y, co nsumer video cameras all
used vac uum -tube pickups. Those de­
vices, which go under tradenames such as
Newvicon and Sa ticon , generally perform
well in low-light conditions . On the ot her
hand , if a vacuum-tu be video camera
were panned past a relatively bright light
so urce, streak ing or "comet- tai ling "
would occur. If such a video camera were
poin ted at a bright light for any length of
time , the unit would be damaged.

Many newer camcorders and video
cameras . use solid-state CCD (Charge
Coupled Device) or MOS (Metal Ox ide
Semiconduc tor) pick ups . Those pickups
are less susceptible to strea king and to
damage from br ight lights. They also pro ­
duce a sharper image than tha t produced
by a vacuum -tube pickup. But they re­
quire hig her light levels than vacuum-tube
pickups for satisfactory perfor mance .

The camcorder 's lens is the window
through whic h it sees the world . There­
fore, le ns quality and features playa large

~Mp·3i...... N .. , . "
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R-E
ROBOT

Mounting the axle
The axle is an IS-inch long , Y2-inch

diameter steel rod . The rod is modified by
drilling a small hole Y4-inch from each
end. Once the wheel/axle assembly is
complete, a cotter pin is placed through
each hole to keep everything in place.

The axle is mounted to the lower clam­
shell with a I-IY2-inch U'-bolt. See Fig. S.
A hardwood or a hard-rubber block is
shaped to fit inside the Ll-bolt. A Y2-inch
hole then is drilled in the block to accept
the axle. The centerline of that hole
should be placed so that the robot's body
sits level when the rear caster is attached .
The dimension in our case was Y4-inch
below the lower body. The V-bolt is
placed around the block and inserted into
two holes drilled into the lower clamshell
just behind the forward bulkhead. To
achieve maximum stability, it is important

A cutting and bending guide for the end
covers is shown in Fig. 4. As with the
bulkheads, the comers must be notched as
shown. The front end-cover will be used
to mount the robotic arm assembly. The
rear end -cover is optional and sho uld not
be used with the specified motors (more
on those in a moment) unless plenty of
ventilation holes are provided. The end
covers are mounted to the body during the
last step of assembly using sheet-metal
screws.

This month, we show you how to build
the robot's body. We'll also

tell-yo-=-u---=-about an updated drive system
that will dramatically increase

the robot's hauling power.

The two halves of the clamshell body
are joined with the internal bulkheads. A
cutting and bending guide for the
bulkheads is shown in Fig. 3. Because of
the thickness of the aluminum used, the
notching shown at the four comers is re­
quired to allow the bulkheads to seat cor­
rectly inside the upper and lower
clamshells . Form one bulkhead with left­
hand bends; the other is formed with
right-hand bends.

The bulkheads are the major strength­
ening component in the robot's chassis.
When assembled, the resulting chassis is
strong enough to carry a person without
flexing, yet it weighs less than ten pounds .
Further, the forward bulkhead serves as
the mounting surface for the electronics
package; the rear bulkhead holds the
motors in their own compartment.

The four body components are fastened
together with 6-32 x 3Js-inch machine
screws . The holes are drilled in the outer
shell, then each bulkhead is clamped in
place and the bulkhead is drilled using the
outside hole as a centering hole . Several
precautions must be observed . First , se­
curely clamp the bulkhead in place so that
it cannot move during the drilling process .
Second, ensure that the bottom of the
bulkhead is in direct and flat contact with
the bottom of the bottom clamshell.
Third, use a carpenters square to ensure
that the chassis is assembled squarely.

()

()

Body construction
Our base-unit design is easy to man­

ufacture and assemble. It consists of a
" unitized-construction" body that is
composed of four pieces of 0.090-inch
50SIT-6 or 606ST-6 aluminium, plus two
end caps (one of which is optional)
formed from the same material. See Fig.
1. A chassis fabricated from SOS IT-6 alu­
minum is availab le from Vesta Tech­
nology (see Sources Box); contact them
directly for pricing and other details.

The upper and lower clamshells are
formed from identical pieces of alumi­
num. See Fig. 2-a. Once the pieces are
cut, they are bent as shown in Fig. 2-b to
form a channel. Make the 90° bends using
a O.IS-inch radius to prevent cracking the
aluminum . Note that while Fig . 2-b shows
right-hand bends , one of the pieces re­
quires left-hand bends if the body clam­
shell is to fit together.

Part 4 ONCE THE DESIGN PRO­

cess is complete, it is
time to begin building your robot. This
month, we will start by showing you how
to build the base unit that we designed .
Remember that the procedures, dimen­
sions, etc . will vary if you chose to use a
different design .
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FIG. 2-USE THIS GUIDE to cut, drill and bend the cl amshell s. Cutting and drilli ng information is
provided in a; bending dimensions are shown in b.

FIG. 1-THE RaBaT'S BODY consists of two "clamshells" joined together by two bulkheads. The
bulkheads are the major strengthening component of the assembly.
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Sources

Can you imagine what a robot wecould
build with a staff of 250,000 (the entire
readership of Radio-Electronics)? One
key to the success of the R-E Robot is the
collective development capability of that
readership. In an effort to encourage the
exchange of software, sources of parts,
hardware enhancements, and any other
items of general interest, Radio-Elec­
tron ics will open a special section of its
new remote bulletin-board system (RE·
BBS) to builders of the R·E Robot. You
can reach the bulletin board by calling
516-293-2283.

Tohelpsimplify the mechanicalaspects
of building the robot, Vesta Technology
(7100 W.44th Avenue. Suite 101 , Wheat­
ridge, CO 80033, 303-422-8088) will offer
an aluminum chassis similar to the one
discussed in these articles. Vesta also will
offer the RPC, its PC board, and the
source code for testing the robot and im­
plementing the RCL. Forpricing andavail­
ability information, contact Vesta Tech­
nology directly. Complete construction
details for the RPC, inClUding schematics
and PC board patterns, will be presented
in a future installment of this series.

A complete description of a modified
drive-train system for the robot is shown
this month. For those that have diffiCUlty
finding appropriate drive-t rain compo­
nents for the robot,a goodsource is Stock
Drive Products (55 S. Denton Ave, New
Hyde Park, NY 11 040, 516-328-0200).
Contact them directly for pricing and avail­
ability information.

Additional sources for various SUb-sys­
tems and parts for the robot will be
provided as appropriate in future install­
ments of this article. R-E

number 51354 . Contact the company di­
rectl y for cost , shipping charges, or other
information.

The tires are assembled with 4 bolt s
holding the two wheel halves together.
That provides us wi th a convenient means
of mounting the pulleys . Replace two of
the bolts with 5116- x 1Y2-inc h machine
bolts . Be sure that the bol ts protrude
through the side opposite the ti re's air
valve. Re-establis h the force on the wheel
by installing a nut and lock washer as
shown in Fig . 6. Then usin g the wheel/
machine-bolt assembly as a guide, dri ll
5116-inch holes in two spokes of the pulley.
If the center hubs of the wheel and the
pulley are ali gned properly, those holes
should be 1.41 inches fro m the pulley 's
center hub. To ensure proper alignment,
use the axle as a guide . Install the pulley
on the wheel using nuts. Do not over tig ht­
en the nuts or you may crack the pulley
spokes. Once the pulley is install ed, re­
check the alignment of the center hubs to
be sure that there will be no fri ction on the

All DIMENSIONS IN INCHES

Wheel assembly
A diagram of our wheel assembly is

shown in Fig. 6. The tires are 10. 5- x 4­
inch go-kart tires wi th Y2-inch ball bear­
ings. Those tires allow the robot to navi ­
gate rough terrain, l ike shag carpets. They
are avai lable from SpadeI Ti re and Wheel
(2440 S. Tejon St., Eng lewood, CO
80 110, phone: 303-935-1972); ask for part

----------------------------------------------------------------------
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to keep the forward axle as far forward as
possible without inter fering with the elec­
tron ics compartment.

The U-bolt approach is only one possi­
ble solution to the probl em of fastenin g
the axle to the chassis. A nother approach
is to use a piece of angle materi al at least
1.5-inches long, drilled to accept the 0.5­
inch axle .
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The single rear caster is located on the
centerl ine of the robot, as close to the rear
edge as possible to obtain the longest
wheelbase . However, if the robot is going
to carry heavy loads, such as a person,
another scheme must be used to prevent
flexing . One alternat ive would be to locate
the caster under the rear bulkhead; an­
other would be to U8e two casters, each
located at one edge of the body.

ALL DIMENSIONS IN INCHES

MANUFACTURING SPECIFICATIONS
ALUMINUM: .090 5061-16

BR : .187
BO: .204

SHEAR: 11.980 x 14.272
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1...· - --- 8.680-- --:r

I~ ~
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Finish

The outer clamshells cap be anodized
for a hard , insulating finish in the color of
your choice . Anodizing the robot' s body
should cost about $50, provided that you
can find someo ne willing to do such a
small job.

Alternately, if you carefully degrease
the aluminum with turpentine or another
solvent, paint will produce an excellent

__ finish. Careful spray painting, will pro-
FIG. 3-THE BULKHEADS must be notched as shown if they are to fit squarely within the clamshell duce a finish that 's as smooth that as pro-
body. duced by anodizing. An added advantage

is that the finish can easily be touched up
as needed . However, don 't paint the unit
until all systems have been completely
tested . Otherwise the finish will undoubt­
edly be scra tched durin g the assembl y/
disassembly procedures that go hand-in­
hand with testing and trouble shoot ing .

MANUFACTURING SPECIFICATIONS

ALUMINUM: .090 5051T-6
BR : .187
BD : .204

SHEAR: 10.272 x 11.980

FIG. 4-CUTTING AND BENDING GUIDE for the end covers. Due to the thickness of the aluminum
used, the covers must also be notched for proper f it.

Wiring channels
The wires that interconnect the elec­

tronics package, motors, shaft encoders,
batteries, etc ., are run along the bottom of
the chassis. To prevent coupling between
the motor-dri ve lines and the shaft en­
coder lines, those wires must be phys­
ically separated as much as possible .

To facilitate that separation, a l-inch
diameter hole or cutout is made in the left
and right lower corne rs of both bulkheads.
Later, when you wire the robot , motor­
control, battery, and common lines should
be bundled and passed through either the
left or the right set of holes. The shaft­
encoder lines (and any other signal lines
your design might ca ll for) should be
bundled and passed through the other set
of holes. Be sure to select heavy-gauge
wire for the power leads.

FIG. 5-USE THIS SIMPLE SCHEME to mount the wheel axle on the robot's body. Other schemes can
also be used with sat isfactory resu lts .
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axle when the wheel turns . A photograph
of the assembly is shown in Fig . 7 .

BACKING PLATE

t
BOnOM OF

LOWER
CLAMSHELL

HARD WOOD OR
RUBBER

The rear caster is a 5-inch diameter
hard-rubber unit on a ball-bearing swive l.

Battery compartment
The battery compartment is accessed

by removi ng the upp er clam shell. To
make installation and replacement of the
two 12-volt utility batteries easier, a bat­
tery holder similar to the one shown in
Fig. 8 should be built. The battery holder
is a wooden platform that is cut so that it
fits snugly within the battery compart­
ment. The end pieces are then attached
securely using nails or glue . Those end
pieces hold the batteries in place by fric­
tion . To make installing and removing the
platform easier, handle s should be made
by drill ing holes in the end pieces through
which short lengths of nylon cord are
looped. Cushion the batteries and plat-
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FIG. 6-THE WHEEL AND PULLEY are bolted together and mounted on the wheel axle . The assembly
is held in place with a cotter pin.

Motors
When we started the design of the drive

train, our expected power requirements
were calcul ated at 1/20 HP. It soon be­
came evident, however, that there were
many useful tasks that the robot could not
perform witho ut more power. Con ­
sequently, we had a special motor de-
signed for our robot. --

Our aim, as always , was to obtain max­
imum utili ty at minimum cost. That aim
was achieved. The motors deliver V4 HP
with a stall torque of 2.5 foot-pounds.
With such a motor, the robot is capable of
carrying a ISO-pound load , while towing
another ISO-pound load ! The cost was a
relatively modest $65 each, plu s ship­
ping. To aid readers , Vesta Technology
(see Sources box for addre ss) will collect
orders (prepaid only) and have the motors
made . When they 're ready, the motors
will be shipped and shipping charges will
be invoiced .

The two motors are mounted in the

If you plan on having the unit carry par­
ticularly heavy loads, or to be in motion
for extended per iods of time , we suggest
that those transistors be mounted on the
bulkhead instead , using TO-3 sockets and
insulators . Dri ll two TO-3 footprints near
the top edge of the bulkhead . Mount the
sockets under the control board so that
they are in the electronics co mpartment,
and the transistors , when installed , are in
the battery compartment. The sockets are
then wired to the appropriate point s on the
control board.

TIRE

LOOP OF
I;...-- ---Y. ·INCH NYLON--- --- - fl>E,t"

CORO

fl. -INCH x 2y,.. INCH
MACHINE BOLT

FORWARD
BULKHEAD

RPC is stacked on top of the control board
using I-inch hinged standoffs. We located
the hinge at the top edge rather than the
bottom edge of the board . Although that
requires a considera ble amount of slack in
the connecting wires , hinging the board
makes testing and troubleshooting much
easier.

a-INCH V-BO LT----.. ___
PUlLEY

LOAO WASHER

FIG. 7-IF BOLTED TOGETHER PROPERLY,the
whee l and pulley assembly will resemble the
one shown here.

FIG. 8-USING A BATTERY HOLDER will make install ing and removing the batteries eas ier.

lower half of the rear compartment as
shown in Fig. 10. Mount ing them there
allows the upper clamshell to be removed
without also removing the moto rs. Due to
the length of the motors , they are offset ,
with one motor mounted higher than the

form by placing about two inches of pack­
ing material in the bottom of the battery
compartment.

Electronics compartment
We'll deal with the robot 's electronics

(control board , RPC , etc .) in depth in
future installments. Full details , includ ­
ing schematics , foil patterns, construction
details, and more will be presented then.
However, in designin g and buildin g your
robot's body, it would be useful to have
some idea of how the boards are mounted .
Here, we 'll see how the control board and
RPC are installed in our version of the
robot.

The electronics are located within the
forward compartment and are mounted on
the forward bulkh ead , as shown in Fig . 9 .
We mounted the control board on the
bulkhead using %-inch by 6-32 standoffs
(the height is not critical , however). The

BATTERY

The cont rol board 's foil pattern (which,
once aga in, will be presented in a future
inst allment) co ntains pr ovi s ion s for
mount ing two power transistors used to
control drive-motor operation. However,
the heatsinking on the board is minimal.

BATTERY REAR
BULKHEAD

I-INCH x
2-INCH BLOCK

* -INCH
PLYWOOD

PACKING MATERIAL

s:
~
JJ
o
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other, as shown in the figure . The moun t­
ing and drive -shaft holes must be drilled
through both the rear bulkhead and the
clamshe ll. The drive-shaft diameter is 5116­
inch. Use a piece of scrap aluminum or
PC-board materia l to crea te a dri lling tem­
plate for the motor-mounting holes . The
template is used to mark the positions for
the holes on the robo t's body.

FIG. 11-UPDATED DRIVE SYS'I EM. The motors are linked to a jackshaft via a ladder chain. The
jackshaft will be linked to the wheels, when installed, via a V-belt.
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FIG. 9-THE CONTROLLER BOARD and the
RPC are stacked and mounted on the forward
bulkhead.

FIG. 1Q-THE MOTORS ARE MOUNTED in the
lower half of the rear compartment. Because of
their length, they must be staggered as shown.

Drive-train update
The original drive train used a Y2-inch

V-belt pulley to link the motor and the
wheels direct ly. That arrangement did not
provide sufficient pulling force . Ideally,
the 4: I reduction of that arrangement
would have provided about S foot-pounds
of torque at the wheel. Of course, the
actual torque provided would be less.

We have designed a new speed-reduc­
ing system that provides a 12:I reduct ion
ratio . That results in a calculated torque at
the wheel of 24 foot-pounds. (Of course,
once agai n, the acuta l torque del ivered
will be somewhat less.) Our test system
achieved a top speed of four miles per
hour when connec ted to a single 12-volt
battery. With a ISO-pound payload , the
system reached a spee d of about two miles

y." DIA DRILL.y." DEEP
TO REC ESS 6-32
SCREW HEADS

BELOW FACE
6-32 TAPPED HOLE
DRILL DIAMETER

0.106"

48TOOTH SPROCKET,
DRILLED TO FIT

¥a" BOREJACK SHAFT

FIG. 12-JACKSHAFT DETAILS. Be sure that the
unit is assembled so tha t the chain and the
pulley are as close as possible.

per hour over a deep carpet. When con­
nected to 24 volts, speed increases of
about 50% are expec ted.

The modified reduction system is
shown in Fig. II. An IS-tooth sprocket is
mounted on each motor. The sprocket
bore must be dri lled out to matc h the
motor 's 5116-inch drive shaft.

The motor sprocket is linked to a jack­
shaft assembly via a chain drive. The de­
tails of the jackshaft are shown in Fig. 12.
A 2-inch V-belt pulley is drill ed to acco m­
modate two 6-32 screws . A 4S-tooth

sprocket is drilled for a Vg-inch bore. Tem­
porarily moun t the 4S-tooth sprocke t and
the 2-inch pulley on a Vg-inch bolt and
drill the sprocket to match the hole pattern
on the pulley. Tap the pulley holes and bolt
the pulley and the sprocket together so
that whe n the jackshaft is assembled there
will be a minimu m dista nce between the
sprocket and the V belt.

A 3jg x 2.S-inch cap bolt is used as the
jackshaft axle . The pull ey/sprocket as­
sembly slides onto the bolt in such a way
that when the jackshaft is mounted on the
robot, the pulley will be on the outside
and the sprocket will be on the inside .
Using a 37-inch V belt to link the jack­
shaft to the robo t's whee ls, determine the
proper mounting point on the robot's body
by observing the tens ion on the belt . Drill
the robot's body and mount the jackshaft
using nuts and washers as shown. Link the
sprocket on th e j ack sh aft wi th th e
sprocket on the motor using an appropri­
ate length of V4-inch ladder chain. Finish
up by removing the set screws from the
pulley and sprocket hubs (typica lly, those
are supp lied with such screws installed)
and place a few drops of oil on each jack­
shaft for lubrication .

Before we finish up, let 's pass along a
word of caution. Although we have not
reached the point in our series of articles
where the motor contro llers are driving
our robot , the robot is now at a stage
where it cou ld be energized . Do not do
so! Even at four miles-per-hour, a runaway
robot could cause considerable damage.
Do not energize the robot until the motor­
contro ller board is built , tested , and in­
stalled. We will cover the con troller board
in depth, including schematics, PC pat­
terns , etc. R-E



Learn about PVOF,
a piezoelectric plastic
whose uses are limited
only by imagination.

W HILE E X PE R I M E N T I N G W ITH Q U ART Z

crys tals, French phys icists Jacqu e and
Pierre Curie discovered that when such a
crys tal was exposed to an electric voltage,
it would deform . Further, they found that
when a quartz crystal was mechanic ally
deformed , it would generate a voltage .
T hey n am ed th e p henome no n

- piezoelectricity ,-which-literally-means­
press ure electricity.

Q uartz c rys ta l is the bes t known
piezoelectri c material , but it is by no
means the only one . O ther natu rally oc­
curring piezoelect ric materi als include
Rochelle salts and tourmeline . Further,
many piezoelectric materials have been
synthesized. While most of those mate­
rials are ceramics, one of the more inter­
es ting ones is nothing more th an a
specially processed plastic shee t or film.
Made from Po lyVinyliDene F luoride, or
PVOF for short, piezoelectric film has
properties that make it useful in a variety
of applica tions . In addi tion, PVOF film is
pyroelectric; that is , it is capable of trans­
forming thermal energy into electrical en­
ergy. That property makes the film useful
in applicat ions such as intrusion alarms
and proximity swi tches .

In this art icle, we are going to explore
the uses and advantages of PVOF film .
Included will be several experim ents that
you can perform . But first, let' s learn a bit
more about piezoelectri city, and what
gives some materials that property.

The piezoelectric effect
A piezoelectric material is one in which

all of the movable electr ic dipoles are ori­
ented in the same direct ion. The condition
can occ ur naturally, or it can be induced .

In nature, piezoelectrici ty occ urs in
crys tals that have a high degree of symme­
try. Of the 32 poss ible crystal structures ,
20 are suffic iently sy mme trical to give
rise to piezoe lectric properties . Oespi te
that , relat ively few crysta l substances
have been used in piezoelectric applica­
tions. Quartz, the most pop ular natural
pie zoe lec tr ic materia l, for ms wha t is
termed a triagonal trapezohedral crys tal.
It has threefold symme try around its Z or
optic axis, which mean s that if one mea­
sures a property at one point around the
axis, the same property will repeat at 1200

intervals .

Piezoelectric
Plastic

Film
JOHN IOVINE
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You' ll need to devise some means of
making co nnec tio ns to the metall ized
electrodes . One way is to use short lengths
of copper-foi l tape; that tape is norm ally
used to make or repair PC board s. The
Jape uses an electrically conductive ad­
hesive , making connection to the foil sim­
ple . If you purchase your sample from
Penn walt, the material is supplied with a
set of special connectors .

We made a simple microphone using
the scheme shown in Fig. I. The " form"
was an end cap from a plastic coin tube . A
3fs-inch hole was drilled in the center of
the cap. The PVOF film was sandw iched
between pieces of light weight foam as
shown. Using shielded cable to reduce
noise , the copper tape leads were then
connec ted to the voltage follower of Fig .
2; that circuit was used to buffer the output
voltage of the film for input to an audio
amplifier.

Note that that design is extremely sim­
ple and is intended only to demonstrate
how the film could be used as a micro ­
phone . While performance is acceptable ,
the frequency response of the flat film is
not very goo d . However, frequency re­
sponse could be improved by curving the
film 's surface . In fact, it is possible to
design a PVOF microphone that has a flat
freq ue ncy response over an extreme ly
wide range . PVOF film itself is an ex­
tremely broad-band material that will re­
spond to frequencies from near OC to the
GHz range .

TRANSDUCER

continued on page 90

FIG. 3-PVDF FILM will generate a voltage when
subjected to mechanical stress. That property
can be demonstrated using the circuit shown
here. When the PVDF film is tapped, the LED will
light.

FIG. 2-A VOLTAGEFOLLOWER is used to buff­
er the output of the microphone for input to an
audio amplifier.

Yo" HOLE

COIN TUBE CAP

Experimenting with PVDF
PVOF film is norm ally supplied with

metallized electrodes . That gives it the
appearance of aluminum foil. What you
see is a " sandwich " with the PVOF film
located between layers of aluminum.

The material can easily be cut to any
desired shape using a pair of scissors .
However, care must be taken to prevent
shorting the electrodes . To be safe , check
with an ohmmeter ; the resistance between
the electrodes should be close to infinite .

FIG. 1-THIS SIMPLE MICROPHONE uses a
plastic coin-tube cap as a form. While perfor­
mance is satisfactory, frequency response
could be improved by curving the surface of the
PVDFfilm.

In a crystal with strong piezoelectr ic process includes co ntro lled stretching of
prop erties , such as quart z , the e lectrical the film to achieve the proper mechanical
dip oles spontaneously align in the same orientation. The film is the n polarized by
direction ; that is, the cry stal is natur ally placing it in an intense e lectric field .
polar ized . The effect is simi lar to the There are many potenti al applica tions
alignment of magnet ic dip oles in magnet- for PVOF film . Those range from heat and
ic mater ial. The e lec trical dip oles are impact detectors , to sound genera tors, to
formed by the positive and negative ions aco ustica l pickups for musical instru-
(charged atom s) that make up the crys tal 's ment s . In the rema inde r of this article, we
molecules . When the cry stal is placed un- are go ing to look at a few but interestin g
der mechanic al pressure or stress, the simple applica tions for the film . We will
physica l di stance between the positive include several circuits that you can build
and negative ions is altered , causing a yourse lf. If you wish to try some of the
voltage to be generated. circuits but have difficulty locating PVO F

Similarly, placing a piezoelectric cry s- fi lm , Pennwalt , wh ic h manufac ture s
tal in an electric field can cause the phys- PVOF piezoelectric film under the brand
ical distan ce between the posit ive and name of KYNAR , offers a sma ll sample of
negative ion s to change . Oepending on the material and an accompanying 88-
the nature of the piezoelectric material page technic al manu al for $45. To order,
and the externa l electric field, the materi al co ntact Pennwalt at: KYNA R Piezo Film
will expand along one axis and contract Depart ment, P.O. Box C , King of Prussia ,
alongthe.other s . PA 19.:W6 .__

One of the first applica tions of the
piezoe lec tric effect was in sonar. The
Cur ies ex pe rime nted with using the
piezoelectric effect to loca te submerged
solid obje cts . Our ing World War II , the
supply of quart z for mil itary sonar could
not be gua ranteed (mos t was imported
from South America ). As a result , re­
sea rc he rs be g an looki n g for o the r
piezoelectric materials. They found that
so me cera m ics, tho ug h not naturall y
piezoelectric , could be made so by plac­
ing them in a strong electric field .

Piezoelectric ceramics do have some
drawb ack s , however. Th ey are britt le ,
stiff, and dense , making it impractical to
manu facture the ceramics in large sizes or
to cut them to complex shapes . Because
of that , researchers continued to search
for other piezoelectric materials . In the
late 1960 's , they turned their attention to
polym ers. By 1969 , it was determined
that PVOF exhibited the highest degree of
piezoelectricity of any known polymer.

Piezoelectric ity and PVDF
Polyvinyl idene fluorid e is a semi-crys­

talline , high-molecul ar-weight po lymer
chain made up of carbon , hydrogen , and
flu or ine atoms arra nge d in repeat ing
CH ~-C F~ un its. In its norm al , un ­
polarized -state , PVOF therm oplastic has
many applications. PVOF pipes, valves,
etc ., are routinely used to route corrosive
chem icals . Extruded PVOFtubing is used
to insulate teleph one- terminal and co m­
puter wiring . PVOF film is used for the
" unleaded gasoline only" stickers found
on automo biles and for automotive " rae-

(j) ing stripes." PVOF resins form the base
~ of a group of premium metal finishes used
o to beauti fy and protect metal bu ildings
g: and structures .
~ To give the film piezoel ectric proper­
cd ties , the electrica l dipoles formed by the
6 hydrogen and fluorine atoms of the poly­
~ mer are a ligned in the same dir ection
a:: (thro ugh the thickn ess of the film .) The
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Whats VHSIC? A technique for
cramming more circuitry that operates faster
in less space.

-------------- - ----
ROBERT GROSSBl ATT, CIRCU ITS EDITOR

EVER SINCE TH E EARLY SIXT IES WHEN T HE

first IC was put together, designers have
been working with one major goa l in
mind: to cram more stuff into less space.
There are two major benefits to be had by
shrinking the size of component s on the
IC's substrate: more powerful IC's and
faster operating speeds.

In the early days, the component count
in an IC was an understandable number.
One of the first commerciall y available
IC's , for example, was a flip-flop made
from only four transistors. Although later
SSI (SmallScale Integration) devices con-

tained as many as sev­
era l h und re d tr a n­
sistor s , the relatively
sma ll number of com-

ponents was really the result of problems
in two separate areas , one practical and
the other philosophical.

The practical problem regarded mate­
rials and fabrication technology. In a very
real sense the physical process of making
an IC is simi lar to that of makin g a
printed-circuit board . The topograph ic
layout has to be designed and a mask has
to be made. Then the mask is reduced in
size and the pattern is transferred to the IC
wafer. It 's the last two parts of the process
that cause the prob lem . Although the
same procedure is used to make a tran­
sistor, there 's a huge difference in the
scale of reduc tion used in maki ng tran­
sistors and that used in making IC's.

For examp le, the substrate of a tran­
sistor in the familiar TO-92 package is
about the same as that in a simp le IC, but
the IC may con tain hundreds or even thou­
sands of transistors. In order for compo-

nent den sity to increase in
that way, there had to be cor­
respondin g advances in the
fields of photolithograph y,
resist and etching methods,

and materials techno logy.
The philosophical problem had to do

with approaches to design . Although the
transistor had become a standard replace­
ment for the vacuum tube (those big glass
thin gs that got hot , remember them ?),
most other co mponen ts remained un­
changed. Resistors were still resistors , ca­
pacitors were still capacitors, and so on.
The general rule of thumb in the days
before the IC was to use as many passive
components as you wanted, but to keep
the number of active devices as low as
possible . That same idea was carried over
to the early days of IC circuit design.

The problem that arose then was that
passive components took up a great deal
of room on the substrate, and space was
limited . The greater the number of passive
components , the less room there was for
active ones. And passive comp onents
were needed (in the ear ly years) to couple
the transistors in the chip.

Various schemes were developed to
overcome the prob lem . Res istor Tran­
sistor Logic (RTL) was slow, and Diode
Transistor Logic logic (DTL) was difficult
to fabric ate consistently. Direct-coupling
method s were also tried , but they were
unsuccessful at first. It wasn't until James
Buie came up with a way to use transistors
to perform coupling that the problem was
solved. His method, Transistor Transistor
Logic (TTL), marked the start of real in­
creases in component density.
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FIG. 2-HONEYWELL BUILDS VHSIC CHIPS FROM MACROCELLS containing RAM, ROM, and various
dedicated logic functions.

FIG. 1-IBM'S CMAC (Complex Mult iply ACcumulate) chips each contain more than 100,000 devices
and can pertorm more than 100,000,000 mul tiplications per second.

Enter the DOD
In 1978 the Department Of Defense

(the DOD ) started the VHSIC (Very High
Speed Int egrated Circuit), pronounc ed
vee-sick, program. It was designed to oc­
cur in two phases. The first phase was to
achieve Ie's with line width s of 1.25 mi­
crons by the year 1985. IBM 's CMAC
(Complex Multipl y ACcumulate) chip is
built with 1.25-micron trace widths. The
3.2-inch silicon wafer shown in Fig. I
contains a number of CMAC and test
chips. Each CMAC chip contains more
than 100 ,000 devices and can perfo rm
more than 100 ,000 ,000 multi plications
per seco nd.

The seco nd phase of the DOD pro­
gram, to be completed in 1990 , aimed at
trace width s of 0 .5 micron . Why is re­
duced trace width so import ant , and what
does it have to to do with IC design? Trace
width is important because it directly af­
fects both component density and max­
imum operating speed .

In order to understand the relationship
between trace width and maxim um oper­
ating speed , let' s put a few thing s in per­
spective. At the time the VHSIC program
was started , several manufacturers were
developing ways to make IC 's reliably and
consistently with trace widths of 3 micro­
ns. If that number doesn 't mean anything
to you , consider the fact that a hum an hair
is about 100 microns wide . You can get

As more and more transistors were
packed onto the substrate , Ie's became
more and more powerful. SSI gave way to
MSI (Medium Sca le Integration), and
MSI gave way to LSI (Large Scale Integra­
tion). LSI techn ology was ca pa ble of
component density so high that Ie's dedi­
cated to doing spec ific job s started to ap­
pear. Microproc essors , TV subsystems,
and even complete radios were produced
on a single substrate.

VLSI (Very Large Scale Integration)
made its debut in the memory market with
the appearance of 64K RAM fC's, The
emphasis of those RAM 's was function ,
not speed. And Motorola 's 68000 micro­
processor placed many transistors on the
substrate, but the substrate size increased
as well .

The point is that solving the philosophi­
cal problem of circuit design led directl y
to the development of VLSI , but any fur-

- ther increases in IC teclinology could onlyv----- - - r . lIIiIII......
come about by address ing the practical
problems we mentioned earlier. Now that
IC manufacturers knew how to get more
components into an IC , the next step was
to do the same thing in less space .

VLSI techniques were made possible
by advances in material s and fabrication
technology. Trace width had shrunk dras­
tically throughout the 1970's . The decade
began with 20-micron line widths and
ended with 4-m icron widths. By that
time, the government had to get involved .
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TABLE 1-PHASE·ONE VHSIC PRODUCTION

Manufacturer Function Density Type
Motorola Four Port Memory 60,000 CMOS

Arithmet ic Logic Unit 36,000 Bipolar
Convo lver 74,000 CMOS
Fast Fourier Arithmet ic Unit 50,000 CMOS
Fast Fourier Contro l Unit 50,000 CMOS
Conl igurable Gate Array 26,000 CMOS

TRW Window Addressable Memory 58,000 Bipolar
Content Addressable Memory 66,000 Bipolar
Matrix Switch 13,500 Bipolar
MUltiplier-Accumulator 42,000 Bipolar
Microcontroller 25,000 Bipolar
Address Generator 34,000 Bipolar
Convolutional Decoder 73,000 Bipolar

Westinghouse 64K Static Ram 400,0 00 CMOS
Pipeline Arithmetic Unit 133,000 CMOS
Extended Arithmetic Unit 92,000 CMOS
General Purpose Controller 79,000 CMOS
Conligurable Gate Array 40,000 CMOS
Enhanced Arithmetic Unit NA CMOS-

Texas Instruments 72K Static RAM 460,000 NMOS
MUltiplier Switch 30,000 Bipolar
Array Controller/Sequencer 120,000 Bipolar
Vector Arithmetic Logic Unit 85,000 Ripolar
Vector Address Gene rator 130,000 Bipolar
Data Processor Unit 190,000 Bipo lar
Gene ral Buffer Unit 130,000 Bipolar

Honeywe ll Parallel Pipeline Processor 142,000 Bipolar
Arithmetic Unit 121,000 Bipolar
Sequencer 136,000 Bipolar

Hughes Digital Correlator 72,000 CMOS /SOS
Algebraic Encoder/Decoder NA CMOS/SOS
Signal Tracker NA CMOS /SOS
Electro-Optical Signal Cont rol NA CMOS /SOS
Gate Array NA CMOS/SOS

IBM Complex Arithmetic Unit 100,000 NMOS

some idea of what half-micron spacing
means when you realize that if a map of
the United States were printed with line
widths that fine , a twen ty-inch map would
show every street in the country.

The upper limit of an IC 's speed is a
direct function of its trace width. Elec­
trons move through the IC at the speed of
light; so , the closer that components can
be packed together, the faster that signals
can get from one element to another. The
idea behind the YHSIC program was to
combine the advances that had already
been made in YLSI with new materials
and methods of fabrication . The result
would be more powerful IC' s (because of
the high component density) that operate
at much higher speeds (due to reduced
trace width).

The governme nt awarded YHSIC de­
velopment contracts to eight semiconduc­
tor ma nufac tur er s: Hu gh es , Na tiona l
Semiconductor, IBM , Motoro la , TRW,
Honeywell , Texas Instruments, and West­
inghouse . As a point of intere st , even
though the first phase of the program had a
target completion date of late 1985, break­
throughs in materials technology allowed
1.25-micron prototypes to be produced in
the laboratory in late 1983 .

As you can see in Table I, although
severa l co ntrac to rs were wo rki ng on
CMOS implement ations of the YHSIC
design goa ls , bipolar MOS and NMOS
IC 's actually were the first to be delivered .
The reaso n for this was that , besides the
inherent speed of bipolar devices , they are
less susceptible to damage by static dis­
charge than CMOS. Reliability is very
important, because YHSIC IC' s are in­
tend ed almost entirely for the military
market.

Even so, the disadvantages of bipolar
IC's (high power consumption and heat
dissipation) caused Motoro la, Hughes,
and other contractors to concentrate their
efforts on meeting the design goa ls with
CMOS parts. Since the beginning of the
YHS IC program, considerable advances
had been made in CMOS fabrication tech­
nology. Little by little the major draw­
backs of CMOS-based IC design-low
compone nt density and relativel y slow
speed being chief among them-were
being overcome.

Areas that traditionally were domi nated
by bipolar and NMOS IC's began to see
an influx of CMOS replacement s. CMOS
versions of both high-density static and
dynamic RAM's appear on the marke t

regular ly, and now even EPROM's and
EEPROM's are produced in CMOS. The
IC' s being produced for the YHSIC pro­
gram are all designed to do specific jobs,
and contractors are trying to use CMOS
for as many of those IC's as possible .

Honeywell, however, decided to go
with bipolar design, and opted for three
different types of bipolar devices, because
each has specific benefits for different ap­
plications. Standard Schottky TTL was
chose n for 110, because that would it easi­
er to interface the YHSIC IC's to regular
TTL logic . In addition, CML (Current
Mode Logic) and ISL (Integrated Schot­
tky Logic ) were chosen because each has
better speed, co mpo nent-de nsity, and
power-consumption figures than other bi­
polar schemes . Three YHSIC IC's were
planned : a parallel pipeline processor
containing 142,000 transistors, an arith­
metic unit with 121,000 transistors , and a
sequencer unit with 136,000 transistors.

Honeywe ll 's approach to design ing
those IC 's reflects the trend in YLSI and
YHSIC design . Emphasis is placed on
developing a libra ry of functional ele­
ment s, called " macrocells," that can be
combined on the substrate to produce an
IC optimized for a specificjob. The size of
those macrocells ranges from a few gates
to as many as 2000 gates, depending on
function. A macrocell test chip is shown
in Fig . 2; it contains various building
bl ock s incl udi ng 2K RA M 's , 29 K
ROM 's, barrel shifters , ALU's, etc.

The macrocell approach to custom-IC
design res ults in a higher producti on
yield, because each element is thoroughly
debu gged before manufacture. The ad­
vantage of that sort of step-by-step ap­
proach is th at Hon eywell obtai ne d
completely functional IC's on the first
product ion run .

With an eye to the commercial use of
that technology, Honeywell formed a mar­
keting division called Solid State Elec­
tronics and built one of the first plants
devoted exclusively to the production of
YHSIC IC's. The physical requirements
for the plant are far and way the most
demandin g for any IC-fabrication facility.

YHSIC manufacture calls for a class- Ill
clean room, in which there can be only 10
particles per cubic foot of air. That is ten
times cleaner than traditional clean-room
standards. The inner surfaces of the pipes
that carry gas are micropolished to ensure
that the product they deliver is 99.9999%
pure , and, as shown in Fig. 3, workers
must wear bubble suits. Those suits are all
custom fitted and have portable air-cir­
culat ing units on the waist. The c1ean­
room environment must be controlled so
that temperature stays within ± 2 degrees
and hum idity within ± 5%.

Honeywell recently began offering a
three-IC set as an electro-optical signal
processor to be used for video signal and
real-time image processing . The 1.25-mi-
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FIG. 3-ULTRA-CLEAN AIR is required in VHSIC manufactu rin g. A sin gle air-born e particle cou ld ruin
one of the 240 VLSI and VHSIC ch ips on the 6-inch wafer.
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cron spac ing of those IC' s allows clock
speeds greater than 25 MHz and a compo­
nent den sity of more than 30 ,000 gates
per IC . This means that the IC set is capa­
ble of thro ughput greater than 800 million
ope ratio ns per se cond per processor
stage. It 's also possible to design custom
IC' s using that technology by combining
differen t macrocells. In addition , Hon­
eywell has developed software that runs
on Digital's VAX that turns the computer
into a dedicated VHSIC design center.

Technological trickle-down
VHSIC's are produced for the Depart­

ment of Defense , so there 's little public
information on the materials and fabrica­
tion technology used . But , as with other
advances in the semiconductor industry,
VHSIC has been trickling down to the
commercial market. Motorola , for exam­
ple, has been one of the leadin g lights in
adapting VHS IC to CMOS . They suc­
cessfully produced a four-port memory
using I. 25-micron CMOS technology.
The ch ip' s size is 290 by 313 mils , it

conta ins some 60 ,000 transistors, and it
operates at speeds as high as 25 MH z.

Most of the lead ing se mico nductor
manufacturers currently feature standard
IC's and custom gates with trace widths of
2 microns. In light of recent developm ents
in the VHSIC program , it 's an obvious
conclusion that 1.25-micron CMOS tech ­
nology will soo n become the de facto
standard for the industry. Honeywell has
alre ady alre ad y a n n o u nce d th e
HC20,000, a 1.25-micron ga te array
whose fabrication technology is a direct
result of VHSI C development work.

In addition, Hon eywell 's CMOS III
program uses the same double-level met­
al, N-well, sing le-po lys ilico n process,
and self-test features found in the VHSIC­
CMOS products being produ ced for the
government. The HC20 ,0 00 integrates
some 18,000 gates using 238 CMOS or
low-power Schottky TTL user-program­
mable I/O pins. As with any gate array,
users specify how they want the gates con­
nected; Honeywell then prod uces a mask
to make the interconn ections on the chip.

The resulting product is a dedicated IC
produced at close to standard prices.

Analog and VHSIC
The speed and power available from the

first wave of VHSI C IC' s pushes the fron­
tiers of digital processing even further into
areas traditiona lly domin ated by analog
designs. Standard 2-micron digital IC' s
can handle AM radio and voice synthesis
easi ly. Although the new 1.25-micron
VHSIC IC' s were designed for military
applications, their 25-MHz speed will go
a long way toward extending digital tech­
nology into the areas of CAD (Computer
Aided Design ), video processi ng , rea l­
time image hand ling, and so on.

When second-phase VHSIC IC' s start
appearing around 1990 , their half-micron
geometries will enable them to run at op­
erating speeds exceedin g 100 MHz. And
there 's no doubt that they_ w.i!!.. appear,
because Motoro la has already announced
the successful fabrication of a IK CMOS
static RAM featuring half-micron trace
widths. That astounding achievement was
done by using both direct-wr ite electro n
beam and optical lithography.

VHSIC IC's and custom gate arrays
eventually will be used by the com mercial
market. VLSI IC's are already being used
for digit al video processing , but due to
their re latively low ope rating speeds
(compared to video), considerable com­
promise is made in image quality. Incom­
ing freq uencies must be divided down to
be handled by currently available digital
processors. And every time you divide the
frequency, there 's a loss in quali ty.

The government initiated the VHSIC
program becau se it wanted more powerfu l
IC's with higher operating speeds. Be­
cause their appli cations were almost ex­
clusively military, they were looking for
advantages in processing capa bility and in
weig ht: The commercial market is , of
course, a completely different story. It
may be some time before you can rush
down to your local electronics store and
pick up a handful of VHSIC hard ware .
Even the commercial units that are avail­
able now are aimed at OEM's, so prices
are prohib itive for hobbyists and experi­
menters. But it 's only a matter of time
until a single-IC TV appears.

To wrap up, we've see n that IC 's started
out with .l0-micron trace widths and a
handful of transistors, and that compo­
nent density has increased tremendously
in the last twenty years. Motorola 's 68000
has more than 13,000 gates , but those
gates are built with 3-micron geometry,
and the substrate is almost one quarter
inch square . Compare that with the phase­
one VHSIC's that, using 1.25-m icron ge­
ometry, can pack more than 30, 000 gates
into an area less than a third that size. And
when phase-two VHSIC's become avail­
able, you' ll find more than 250 ,000 gates
in the same space! R-E
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DESCRAMBLI~G

This month we showyou how to build
and align a gated-pulse decoder.

P t 8 T H IS MONT H , WE 'LLar look at a decoder for
the outband system. Also, the PC board
for Janua ry's gated sync descrambler is
included in this month 's PC Service .

Outband decoder
The outband system is used exclusively

by'cable-TV programmers. In it, the vid­
eo signals, minu s the horizontal sync
pulses, are sent out over the assigned ca­
ble ch annel. Th e hori zontal-syn c is
placed on another carrier, which can be
located at just about any unused frequen­
cy within the cable system's bandw idth .
The job of an outband decoder is to tune in
the hidden carrier, extract the sync pulses,
and recombine them with the video sig­
nal. In the following discussion , we will
assume that the scrambled video has a
center frequency of 150 MHz , and that the
sync is located on a lOO-MHz carr ier.

If the circuit shown in Fig. 6 is to work
properly, the cable must present a 75-ohm
impedance and deli ver a signal level of at
least I mill ivolt. The cable lead is, of
course, connected to the input , J I. A
lowpass filter composed of C I, C2 and Ll
passes the lOO-MH z sy nc sig nal but
blocks the 150-MHz video signal. Like­
wise, L2 , C3, and C6 form a high pass
filter that blocks the 100-MHz sync signal
but allows the 150-MHz video signal to
pass. We'll get to where that video signal
goes in a moment. That circuitry allows

WILLIAM SHEETS and RUDOLF F. GRAF

only the sync information to reach ICI , an
MCI350 IFamplifier. Note that while that
IC is designed for 60-MH z operation, its
performance is more than adequate at 100
MHz (gain is greater than 30 dB). The
lOO-MHz signal is fed to pin 4.

An amplified sync signal appears at pin
8 oflCI and is coupled to pin 7 of IC2, an
MCI330 video detector. That IC is tuned
to 100 MHz by the C5-L4 network . Com­
plementary output s are available at pins 4
and 5. In our application , the detected
signals available at those points consist of
the sync pulses only. One output (pin 4) is
used only as a test point.

Normally, a 30-millivolt input should
produce an output on the order of one volt.
But since the circuit is designed for 45­
MHz operation , and we are using it at 100
MHz, the gain of the IC is somewhat
reduced . In our experiments, we have
seen outputs on the order of 300 milli­
volts. That is sufficient for our needs.

From IC2 , the sync signal is fed to a
differential amplifier made up of Q2 and
Q3. The base of Q3 should be biased at 7
volts. If needed, the value of R7 can be
changed to achieve that bias level.

Und er normal conditions (no sync
pulse received) Q3 is nearly cut off and
Q2 is conducting heavily. That means that
QI is also cut off and a DC current is
flowing from the collector of Q2 through
the L7-R9 -D2-RI2-L6 circuit to ground.
The voltage at the collector of Q3 is prac-

tically zero , and very little current flows
through the R8-RIO-L5-DI circuit. There­
fore, Dl is cut off and the 150-MHz video
signal from the L2-C3 network must flow
through the RII -CI6-RI2 circuit. Since
D2 is biased on , some of the 150-MHz
energy is shunted to ground by R9. In
essence, R9, RII, and RI2 form a " T"
pad , attenuating the signal by about 6 dB .

When a sync pulse is received, the volt­
age at pin 5 of IC2 rises. That cuts off Q2
and biases Q3 on, which in turn biases QI
on (through R8). Transistor QI now con­
ducts heavily, grounding the collector of
Q2 . At the same time, current flow s
through RIO, L5, and Dl , biasing it on,
and grounds L6. Since DI is now on, it
offers a low-imped ance path to the 150­
MHz signal, allowing it to bypass the
"T-" pad circuit previously described and
to reach the output jack, J2, with rela­
tively little attenuation. In essence, the
150-MHz signal is boosted durin g the
sync intervals, restoring the proper sync­
to-video relationship and decodin g the
signal.

Building the circuit
A parts-placement diagram of the cir­

cuit is shown in Fig. 7 . The corresponding
PC pattern can be found in PC Service.
Note that the values of several of the ca­
pacitors and inductors will vary with dif­
ferent sync channel frequencies. Table I
gives the appropriate values for two popu-
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IN4002
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82l!
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IN914B

~ Cl4
~ 470pF

RIO
2.2K
R8

22K

04
IN914B

RS
680l!

Rll
3311

R3
3.3K

C15
470pF

TP

4

R4
47011

CS'

-
L4'

.l6-.35....H

fC2
MC1330

3

6

Cll
.01

~
~'----"-'-...,

Cl0
470pF

RI
IOOll

2

5 8

ICl
MC1350

~t----"I..---'IIV'r-----.---------,
'::' C7

470pF

3

cr

6

C8
470pF

r---- - - --------------- - ----------- -- --- -- --------- ,
Jl I IBYPASS C3' C17 BYPASSI I J 2

INPUT I 6- - 470pF --6 I OUTPUT

~'CODi. ! 6 01 R12 L6 II ( OECO~1-b ~
470pF L2' IN914B 33!l 5.6" H

.032-.074I.LH r-TC2
'

C9
470pF ' SEE TEXT

FIG. 6--FOR THE OUTBAND DECODER shown here to work, the cable company must prov ide at least
a 1 millivolt signal. Values for C1-C5 and L1-L4 are found in Table 1.

FIG. 7-IF YOU USE THE PC PATIERN shown in PC service, use th is diagram whe n mo unting the
components.

90-114 MHz
5 pF
12 pF
82 pF
12 pF
10 pF
0.2 H
0.03 H
0.2 H
0.24 H

50 MHz
5 pF
47 pF
200 pF
56 pF
56 pF
0.2 H
0.05 H
0.175 H
0.175 H

TABLE 1-CAPACITOR AND COIL
VALUES

of 2Y2 turns, L3 consists of 6Y2turns, and
L4 consists of 8Y2 turns. Once each coil is
wou nd, remove the screw and replace it
with an iron core . Cores can be salvaged
from coils removed from an old TV or
radio as previo usly discussed . Also, an
appropriate core is manufactured by Mid­
land-Ross , Cambion Division; its part
number is 515-3225-06-2 1-00. If wound
properly, the coi ls can be adjusted to the
induct ances indicated in Table I.

Once the board is built, check your
wo rk fo r poor so lde r j oin ts , so lder
brid ges , prop er component al ignment ,
etc . Correct any erro rs you spot. A pho­
tograph of the completed outband de­
coder board is shown in Fig. 8.

C1
C2
C3
C4
C5
L1
L2
L3
L4

-C5-

you will need to wind four of the inductors
(Ll- L4) yourself. All are wound using
No . 22 ename led wire on an 8-32 screw.
Coi l Ll consists of 7Y2 turns, L2 consists

BYPASS r - - - - - - - - - - ..
0' I

D EC OO E~J2 :

Cl7..r::-- Sl-b ~ OUTPUT i

-'12- T~ !
- - L6-- -Cl6- - Rll-

- R9- J!f.+f- - Rl0- - L5- -L2 -
04 .

1
-CI5-

. -R4 -

T
Cl2

I

lar sync-channel freq uencies: 50 MHz
and 90-114 MHz.

Also, if you do not order the kit from
the supplier menti oned in the parts list ,
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frequency of the scrambled channel (150
MHz in our case) and increase its output
again to 10millivolts, or more, until some
response is seen at the test point. Adjust
L1 for minimum response .

Now, connect the scope probe between
the .o llector of Q3 and ground. With a 1­
millivolt input, a 2-kH z squarewave
should be seen . That indicates QI, Q2,
and Q3 are switching. If that squarewave
is missing, check to be sure that there is
0.5-1 volt positive pulse at pin 5 of IC2 . If
everything else has checked out to this
point and that pulse is missing, the IC is
probably defective . Also check Q2, Q3
and their associated components. If you
cannot locate any errors, try changing the
value of R7 to 8.2K or 12K or replace the
resistor with a 20K potentiometer.

Next, check R33 for a the presence of a
pulse. It should be 0.1 volts , or more,
indicating that sufficient current is flow­
ing to bias Dl and D2 on.

Ifyou have trouble getting the circuit to
work . try experimenting with the values
of R9, Rl l , and R12. If you find that the
insertion loss caused by the circu it is ex­
cessive, try replacing DI and D2 with
Motorola MPN3404 PIN diodes.

That completes the alignment of the
decoder. Obviou sly, not all cable systems
will use our example frequencies ; in fact it
is likely that none will. However, it is a
simple matter to adjust the circuit for op­
eration for a particul ar frequenc y pair. Be­
fore performing those adju stments ,
however, be sure to contact your cable­
system operator and obtain authoriza­
tion in writing. Using the outband de­
coder for unauthorized descrambling
of a cable signal may be illegal. It is up
to the user to determine what the re­
quirements are for legal use and to
meet them. R-E
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Ordering Information

The following are available from
North Country Radio, P.O. Box 53,
Wykagyl Station, New Rochelle,
NY 10804: Comp lete sinewave de­
coder kit, including PC board
(metal box for interface circuit not
included), item SW-l, $52.95 plus
$2.50 postage and handling; Pulse
decoder kit, including PC board ,
item PD-l, $54.95, plus $2 .50
postage and handling; Outband
decoder kit, including PC board,
item OB-l, $34 .95 plus $2 .50
postage and handling. All three
kits can be purchased together for
$129.95 plus $3.50 postage and
hand ling. The LX10-33coil is avail­
able separately for $4.00, plus
$1.75for postage and handling. NY
residents please add appropriate
sales tax.

The authors of this series on
television scrambling and de­
scrambling have written a com­
prehensive book on the topic.
Entitled Video Scrambling and De­
scrambling for Satellite and Cable
TV, it is available as book no.
22499 from Howard W. Sams &
Co., Indianapolis, IN 46268.

FIG. 8- THE FINISHED OUTBAND DECODER is shown here.

ble to obtain a 0.2-D.5-volt, I-kHz sine­
wave. Note that if the cable company uses
a frequency around 50 MHz for the sync
channel , the gain will be higher.

Next attach a TV or FM-radio receiver
to the output, J2 , and adjust L2 so that the
sync frequency is blocked . That is indi­
cated on the TV by the white raster dis­
solving into snow or on an FM radio by a
null in the signal. This adjustment is
broad , and hence not critical.

Next, tune the generator to the center

PARTS LIST
OUTBAND DECODER

All resistors 14 watt, 10% unless noted
R1-100 ohms
R2, R6-4700 ohms
R3--3300 ohms
R4-470 ohms
R5-680 ohms
R7-10,OOO ohms
R8-22,OOO ohms
R9--82 ohms
R10-2200 ohms
R11, R12-33 ohms
Capacitors
C1-CS-see text and Table1, NPO
C6-C10, C14-C17-470 pF, ceramic disc
C11-Q.01 IJ.F. ceramic disc
C12, C13--10 IJ.F, 16 volts, electrolytic
C18-100 pF, ceramic disc
Semiconductors
fC1-MC1350 video IF (Motorola)
IC2-MC1330 video detector (Motorola)
01-2N3904 NPNtransistor iI----------~

02, 03--2N3638 PNP transistor
01,02, 04-1N914B diode
03--1N4001 diode
Other components
L1-L4-see text and Table1
L5-L7-5.6 IJ.H, RF choke
S1-DPST switch, slide or toggle
S2-SPST switch, slide or toggle
J1,J2-phonojacks
Miscellaneous: PC board, Wire, solder,

etc

Aligning the unit
Begin by measuring the resistance be­

tween the power supply and ground rails .
If it's less than a few hundred ohms, re­
check rcr and IC2 and the transistors for
correct orientation . Once you've found
and corrected the error, you can proceed.

Next, connect a VHF signal generator
to the junction of C2 & C6 (input) and
apply voltage to the power-supply rail.
Connect a wideband (5 MHz), low-capac­
itance (I megohm shunted by 10 pF, or
less) scope between pin 4 of IC2 (use the
con venient test point provided) and
ground . Any modem TV-service scope
should be able to meet those criteria.

Set the generator to the carrier frequen­
cy used for sync pulses on your cable
system. Sometimes , an unused cable­
channel frequency is used for that. If you
find a channel that displays a clean white
raster, you have likely found the sync
channel. Otherwise, you' ll need to ask
your cable operator for that information
when you request permission to use the
circuit. The circuit should never be used
to decode cable signals without such
permission. For the purposes of our dis­
cussion, we will assume that the sync­
channel frequency is 100 MHz. Modulate
the generator's output 80% with a 10-mil­
livolt, I-kHz signal. Adjust L3 and L4 for
maximum output. At that power level,
some distortion is likely. If the output is
reduced to I millivolt, it. should be possi-

L6 04 C12

65



(j)

oz
o
a:.....
o
W
....J
W

o
15
~
a:

66

FINDING
CABLE

FAULTS
Never heard of time-domain
reflectometry? Find out

- what-it's all about - - ­
right here.

VAUGHN O. MARTIN

FAULTS IN TRANSMISS ION LINES CAN SE ­

verely disrupt the operation of radio trans­
mitters , local-area networks, telephon e
systems, and many other high-power,
high-speed devices. Without proper test
equipment, locating faults can be ex­
tremely difficult-if not impossible. Sim­
ple DC-resistance tests seldom are able to
reveal the location of a fault, not to men­
tion its type .

Spec ia l test instrume nts do exis t ,
however, that aid diagnosis of many types
of cable faults- not just clean breaks. The
Time Dom ain Reflectometer (TDR) relies
on AC impedance measurements to diag­
nose both the type and the location of
many types of cable faults.

TOR overview
The basic idea behind time-domain re­

flecto metry is this: Send a high-speed
pulse (or pulse train) with well-defined
characteristics down a transmission line.
Eventually it will be reflected back to the
source, where the original and the re­
flected signals may be compared in phase,
frequency, and amplitude . Depending on
the quality of the cable, its impedance,
and any faults (which may include clean
breaks, frayed shields, etc .), the reflected

signal will have a "signature" that may be
analyzed to reveal fault location and type.

Aside from discontinuities (opens), the
transmission line itself has a number of
relevant properties, including a charac­
teristic impedance, which may or may not
change with frequency, and which may
vary with length . It also has its own ve­
locity of propagation , and a characteristic
attenuation per unit length , which varies
with frequency. The TDR can provide
quantitative and qualitative information
on those characteristics in a single mea­
surement.

The theory behind TDR 's has been
known for years , but it wasn' t until about
20 years ago, when sub-nanosecond pulse
generators and oscilloscopes with equiv­
alent bandwidths became available, that
time-domain reflectometry became prac­
tical.

With the new equipment, distance reso­
lution shrank from hundreds of yards to
fractions of an inch. Further, the new gen­
eration of sampling osci lloscopes permit­
ted accurate measurements of reflected
signals in the millivolt range.

By the way,the sampling scope is not to
be confused with the storage scope. A
sampling scope (like HP' s early 140A and

its accompany ing 1415A
TDR plug-in) is used to obtain a
prolonged view of a repetitive waveform.
The sampling scope actually measures the
instantaneous voltage of a waveform at
various points, so the waveform must be
periodic, or else the whole trace will not
appear on the screen. Each sample is dis­
played as a single dot on the scope's CRT;
after a number of successive samples are
taken, the waveform is "fi lled out" and
appears as a complete trace on the screen.

A storage scope, by contrast , captures
the entire portion of the desired signal at
once, not just a small portion of it, and
then displays it when desired .

Principles of operation
In some industries the TDR is called a

" wire radar," because radar and time­
domain reflectometry operate on similar
principles. A block diagram of a typical
TDR is shown in Fig. I-a. As shown in
Fig. I-b, an ultra-fast (sub-nanosecond)
voltage step is sent down the cable under
test. The cable's propagation velocity is
known, so the time for the reflected signal
to bounce back can be measured , and the
distance to the fault calculated. The faster
the step, the greater the distance resolu-



I-==~=*
FAULT

a

w
o; .r-

TIME
b

~ REFLECTION

~~
<t

TIME
c

FIG. 1-THE TIME-DOMAIN REFLECTOMETER
works by sending a very fast pulse down a
transmiss ion line , and then comparing the origi­
nal with its reflection.

tion. The HP 140A mentioned earlier had
a respon se of 2.3 · GH z, which corre ­
sponds to 150 picoseconds.

The reflected signal is shown in Fig.
I-e. The shape of the reflection is related
to the impedance of the cable and other
factors, as we' ll see shortly. Any devia­
tion from the initial sig nal can be recorded
and analyzed . The effects, therefore , of
cables , co nnec tors, balun s , strip lines,
tapered sections, and other broadband de­
vices can be analyzed with a TOR .

Generally, the reflected signal is super­
imposed on the original signal, which re­
sults in a step-up or a step-down transition
on the display. The step-up condition re­
sults when an inductive fault (or a fault
with res istance higher than the cable's
nomin al impedance) causes an in-phase
reflection with the initi al pulse. The sig­
nals add , and the effect is the step-up
transition manifested on the CRT display.

Conversely, the step-down transit ion
results when a capacitive fault (or a fault
with resi stance lower than the cab le' s
nom inal impedance) causes an out-of­
phase reflection with the init ial pulse .
Those signals subtract, and the result is
the disp layed step-down transition.

Real TOR's
With the basic theory in mind , let's take

a look now at several real-world TOR 's ,
namely, Tektronix' 1502 and 1503, which
are moderate- and long-range devices, re­
spectively. The 1502 has shorter range but
bett er reso lutio n (2000 feet and 0. 6
inc hes, respecti vel y) than th e 1503
(50,000 feet and 3 feet, respecti vely). The
stated resolutions for both models are the-

oretical ideals, not real-world figures. The
reason ideal figures are cited is that the
resolution/accuracy issue is fraugh t with
qua lifiers to the extent that it is nearly
impossible to make a blanket statement
concerning both accuracy and resolution.
We' ll see why momentarily.

Reflected voltages
If we let E + represent the initial pulse

and E - the reflected signal, then the re­
flection coefficient p is given as follows:

p = E - /E +

The 1502 displays the fault-reflection co­
efficient p on the CRT; that value is refer­
enced to the transmitted voltage by the
vertical amplifier, which is directly cali­
brated in milli-p per division , for a 50­
ohm s)'stem. If p-k.very2,.mall, then ..!he
cable's impedance would approac h the
reference imped ance per this formula:

Z = ZREF'(1 + p)/(1- p)

The reference impedance (Z REF) is 50
ohms; it is set by a preci sion 50-ohm cable
supplied by Tektronix. p may assume any
value between - I and + I. - I corre ­
sponds to a short circuit, which appea rs as
shown in Fig . 2; + I corresponds to an
open circuit, as shown in Fig . 3 . A
positive p corresponds to a rise on the
CRT screen, and a negative p to a dip.

.The 1502 TO R actually disp lays the
reflection coefficient p versus the distance

FIG. 2-A TEKTRONIX 1502 displays a short
circuit.

FIG. 3-A TEKTRONIX 1502 displays an open
circuit.

to the detected fault. You can think of that
as impedance versus distance . The time
delay betwee n the initial signal and its
reflection from the fault ident ifies the dis­
tance to the fault.

Interpretation
Faults occ ur in even the best high-fre­

quency transmission systems, and they
can cause substantial losses of power, or
severely distort the transmitted signal.
Faults come in many forms: The dielectric
may deteriorate and change ; water may
leak into cables or connectors; contacts
may corrode; conductors may open or
short; the cable may be cut or damaged; or
a clamp may be fastened too tightly. The
TOR treats all such occurrences as dis­
continuities, abrupt transitions in the oth­
erwise-constant characteristic impedance
of a transmission system- . ---

The ideal cable should appear as a re­
sistive load , with no reflections occurring
except at the beginning and the end of the
cable.

In practice, reflections do occur, and
they indicate changes in impedance . Re­
flections may appear as steps or pedestals,
which generally indica te that a cable of
different impedance has been spliced into
the line. Reflections might also appear as
small bump s, which indicate a fault or
disco ntinuity. Further, the profile might
show a slowly rising or falling charac­
teristic, which indicates a series or shunt
loss in the cable.

If the overall loss in a transmission line
is less than about 0 .25 dB , and if the total
impedance variation along the line is less
than about ± IO ohms, the impedance
profile is valid. Therefore , the trace dis­
played on the screen is an accurate repre­
sentation of the impedance at all points
along the line , within the accuracy limits
of the system.

As stated earlier, the CRT of the 1502 is
calibrated in p per division ; p is related to
impedance by this formula:

p = (Z - 50)/(Z +50)
= 50 ' (1+ p)/(1- p)

Signatures
The nature of a fault may be discerned

because the height and the shape of a,
reflection may be observed as a signature.
With experience the operator becomes ac­
customed to interpret ing signatures.

Figure 4 shows a number of TOR-de­
tected cable faults with their resultant fault
signatures.

As shown in in Fig. 4-a, a sharp pulse
applied to a line with an inducti ve fault
gives a pulse with a slowly falling output.
The remaining parts of that figure show
how pulses of different shapes appear
after being fed through a line with the
indicated type of fault.
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Length problems
A long cable can yield erroneous read­

ings . The reason is that, due to cable loss,
a major fault at a great distance will yield
reflections that appear similar to a minor

x = Return loss / 20

As shown in Fig. 6, the 1503 has con­
trols to calibrate the CRT display. Usually,
the original pulse is adjusted to occupy
two CRT divisions, and so is the reflected
pulse. Then return loss may be read di­
rectly from the front-panel control.

where

[pi = lO-x

or

The /503 also has a precision log am­
plifier to amplify weak signals . Unlike the
/502, which reads in p, the /503 reads in
return loss. Return loss may be related to p
as follows:

Return loss = 20 log p

domain techniques to determine a sys­
tem's overall VSWR.

UJ
o
~ REfLECTION COEfFICIENT
:::; OR RETURN LOSS
a.
:E« l.-__--<~~--_

TIME (DISTANCE)
c

-----~*
'l-~_....I I1\ULT

FIG. 5-BLOCK-DIAGRAM OF THE 1503 (a) is
similar to the 1502, shown in Fig. 1. However, the
1503 uses half-sinewave signals (b) whose
shape and amplitude (c) can be interpreted to
diagnose cable faults.

A long-range TOR
Tektronix' model/503 is a TOR that is

designed for long-range measurements of
twisted-pair and other low-bandwidth
cables . A block diagram illustrating basic
operation is shown in Fig. 5-a. Because of
the low bandwidth, it is necessary to use
high-energy signals of controlled band­
width. The /503 uses lO-volt Y2-sinewave­
shaped pulses, as shown in Fig. 6-b; de­
pending on the type of fault, the reflected
signal will be a reduced-amplitude, time­
delayed version of the original signal , as
shown in Fig. 6-c .

TOR and SWR
Whereas TOR measurements isolate a

transmission line's characteristics in time
(location), Standing Wave Ratio (SWR)
measurements provide an immediate over­
all indication of a transmission line's per­
formance. A TOR can be used to calculate
worst-case VSWR (Voltage Standing
Wave Ratio) by using the following for­
mula:

VSWR = (1+ Ipl)/(1 - lpl)

However, the TOR cannot predict the fre­
quency at which that VSWR will occur.
The equation is useful in verifying specifi­
cations on connectors or splices ; however,
since reflections combine in a complex
manner, it is necessary to use frequency-
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FIG. 4-SHARP PULSES are fed to inductive (a), capacitive (c), resistive (e), and straight-through (g),
conductors. Half-sinewaves are fed to corresponding circuits in b, d, f and h.

As in any measurement technique ,
there are limitations imposed both by the
state of present-day technology and by the
technique itself. The TOR relates time to
distance, so the risetime of the incident or
the reflected pulse limits maximum dis­
tance resolution . It also limits system
bandwidth-the frequency range over
which measurements are valid . For exam -

(/) pie, reflections generated in waveguide
~ systems, unlike coaxial systems , travel at
o various propagation velocities , depending
g: upon the mode of propagation. Therefore,
~ analysis of waveguide reflections is com­
u:J plex; it is further compounded by the in­
a herent low-frequency cutoff of those
~ systems. Hence the analysis is inherently
a: narrow-band .
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Length determination
When attempting to relate electrical

length to physical Iength;-ihs important
to take into account four sources of possi­
ble error :
• Cable snaking, twisting, and looping.
• Variation in propagation velocity in a
given type of cable.
• Sections composed of different cables
with different propagation velocities.
• Measurement accuracy of physical ca­
ble length.

Snaking refers to the loss caused by
cable take-up. For example, it may take
1000 feet of cable to cover a distance of
990 feet.

Propagation velocity depends on the
cable's insulation and on the geometry of
its cross -section. Most cable manufac ­
turers control propagation to within 0.5
percent; however, different manufac­
turers' makes of the same cable can vary
by as much as two percent. For example,
Belden specifies the propagation velocity
of its Teflon dielectric coaxial cable (type
PTFE) as 69 .5 percent of that in air;
however, the same cable from ITT has a
velocity of 71 percent.

Those figures are quoted for coaxial
cable , the most stringently controlled type
of cable . Twisted-pair and other types of
cables yield greater differences .

When cable types are mixed, determin­
ing length can be difficult. For example ,
older sections of pulp -die lectric tele­
phone cables are being spliced to new
Polyethylene Insulated Cables (PIC). The
resultant change in propagation velocity
when a signal moves from one to the other
drastically alters a cable's signature .

The last problem of cable-length mea­
surement is often brought about by the
ope rator's inability to judge distance
accurately. For example , to clear obsta­
cles, a cable might snake around brush ,
go down into a ditch , around a tom-up
sidewalk, etc .

There are several practices that can help
minimize error. First, take multiple read­
ings . Second, use known points on the

In that equation, Cia is cable attenuation
in dBIIOOO feet atia (in Hz), and L is the
cable's length in feet. When using that
formula, you should double the value for
length, because the pulse must travel
down the cable and back. In practice,
RG213 cable has a reflected risetime of 12
ns through 50 feet of cable; a 50-foot
length of RGI74 has a 120-nanosecond
risetime.

The vertical accuracy (the accuracy
with which p is displayed) of both the
1502 and the 1503 is specified at ± 3%.
Accuracy can be improved (as outlined in
MIlrC-I7, a specification devised for mil­
itary use) by making measurements with
the 1502 using a precision air-line refer­
ence to determine characteristic cable im­
pedance.

PEN LIFT

'tEKTRONIX'

xv OUTPUT M'
016 ·0606-0 1

PIC CABLE

END
OF WATER

reflected pulse is almost totally a function
of the cable itself; tR in seconds is ex­
pressed by the following equation :

tR = (13.133 X 10-6 ) ao2 L2

t;

·SPLICE

POW ER

POSITIO N

+
SET-

ZERO REI"
CHECK

FAULTED WIRE 1
PAIR IN CABLE

START
DF WATER

FIG. 7-A MOISTURE-LADEN TELEPHONE CABLE can fool a TOR about the location of the fault. A
bridge-type tester may be necessary for maximum accuracy.

FIG. 8-AN ISOLATION NETWORK is available for the 1503; the network improves noise immunity.

fault at a short distance. The cure is to
include mathematical corrections that in­
clude the effect of pulse attenuation.

On a longer cable, the risetime tR of the

FIG.6-FRONT PANEL OF TEKTRONIX' MODEL 1503TOR has controls that calibrate the CRTfor direct
distance display.



FIG. 9-COAX FAULTS CAN BE MEASURED at greater distances than twisted-pair faults.

Antenna testing
In any kind of time-domain reflectome­

try, a chart recorde r is useful for recording
and preservin g test data for later com­
parison with questionable equipment. For
example , a chart recorder and a 1502 are

continued on page 90

TOR will help preserve both the instru­
ment and the well-being of the operator.
The TOR cannot withstand any signifi­
cant voltage on the cable under test. For
example, with the 1502, a voltage-carry­
ing cable should be disconnected from
any powered equipment, and the ends of
the cable should be terminated or shorted
to bleed off static charge that may have
built up.

The 1503 is more rugged ; it can with­
stand up to 400 volts (OC +peak AC) at
frequencies as high as 440 Hz. You can
obtain a good signal even with more than
100 volts of 60-Hz AC. The 1503 also
comes with an isolation network, shown
in Fig. 8; that network is recommended
for use with twisted-pair lines.

Both the 1502 and 1503 possess varia­
ble noise filters that enhance their SIN
ratios. To test a noisy cable you may want
to use the isolation network to provide a
crisp, clean trace . -- ---

In practice, the first thing to do is to
match the TOR's impedance to the im­
pedance of the cable under test as closely
as possible . The object of impedance
matching is to put as much energy into the
cable under test as is possible. However, if
you're only interested in the distance to a
cable fault or its signature , it may be un­
necessary to calibrate the TOR .

The 1503 comes with a 50-ohm imped­
ance standard, and the 1502 comes with
impedance adapters of 75, 93, and 125
ohms ; those same impedances may be set
through front-panel pushbuttons . Most
twisted-pair cables are tested with the 93­
ohm setting or adapter; however, when the
isolation network is used with the 1503 ,
the l25-ohm setting should be chosen.

If an impedance adapter is unavailable,
both the 1502 and the 1503 feature front­
panel gain adjustments that allow precise
recalibration for cables of any impedance.
The effects of impedance mismatch are an
invalid indication of p or return-loss cal­
ibration , reduced range , and re-reflec­
tion s that appear as multiples of the
distance to the actual fault.

H is velY important to establish a good
connection to the cable under test. Re­
member that the TOR contains high-fre­
quency data that is not transmitted effi­
ciently by pieces of lamp cord , battery
clips, etc . In fact , low-quality cable sub­
stantially reduces the TOR's range and
accuracy. Refer to Fig. 9 and note how
large- diameter low-lo ss coax enables
communications over a greater distance
than small-d iameter coa x and twisted
pair.

50000

hand , the TOR can detect water in the
cable , but a bridge cannot. In summary
then, the TOR can detect the problem and
the bridge can detect the symptom.

Reali zing another limitation of the

Practical testing
First, it must be said that the TOR is not

the only means by which cables may be
tested ; other methods may be used in
some cases to obtain better results than
with a TOR . For example , note the PIC

.cable in Fig. 7. Water has leaked into a
below-ground telephone cable and will
eventually cause insulation breakdown .
That will place a resistance of several hun­
dred thousand ohms across the cable. Fur­
ther, through electrolysis, the cable's
continuity will gradually be destroyed .

A TOR cannot detect the point where
the insulation weakness begins , whereas a
bridge-type fault locator can . On the other

1000200 500100
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FIG. 12- TEST-JIG CABLE ASSEMBLY has two types of cables and several interconnections.

cable to calibrate the TDR . Last , take
readings from both ends of the cable . The
latter is a particu larly good idea if the
cable is composed of two spliced-toget her
cables with different dielec trics .

FIG.1O--PERFORMANCE OF AN L-BAND anten­
na can be measu red with a TOR.

FIG. 11- THE TOR SIGNATURE of the L-band antenna pictured in Fig . 10 is shown here.
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Our back-to-school series continues this month with a discussion of FET characteristics.

TJ Byers

FIG.1-THE JUNCTION FET is built from a bar of semiconductor material around which a diode
junction is fo rmed .

Part 2 IN OUR LA ST IN STALL­

ment we investigated
the static propert ies of the bipolar tran­
sistor. This time we' ll tum our attention to
the unip olar transistor, more commonly
known as the F ield Effect Transistor, or
FET.

There are two basic types of FET: the
Ju nct ion FE T (JFET ) and the M et­
a l- Oxi de Se m ico n d u ct o r FE T
(MO SFET). Like bipolar transistors,

SOURCE

FET's comes in two "sexes:" N- and P­
gate. In the test set-ups shown here, we' ll
use N-gate FET's. Those circuits can be
adapted to P-gate types simply by revers­
ing the polari ties of voltage and current
sources, and voltage and current meters.

JFET characteristics
The FET differs from the bipolar tran­

sistor in that it has only one junction. The
FET is built as shown in Fig. I. It is a bar

DRAIN

of semiconductor material with a diode
junction formed around its center. One
end of the bar is called the source; the
other is called the drain. The connection
to the diode junction is called the gate.

When voltage is applied across the
semiconductor bar from source to drain,
current flows unrestricted throu gh that
bar. If we reverse-bias the gate diode ,
however, an electric field forms within the
bar. That field reduces the effective cross­
sectional area of the semiconductor bar by
forcing electrons from the voltage source
toward the center of the semico nductor
material. The smaller cross-sectional area
represents an increase in resistance,
which restricts the flow of electrons.

The strength of the field is proportional
to the applied voltage. As the strength of
the field increases , fewer electrons make
their way through the tunnel, and current
flow decreases proportio nally. That phe­
nomenon is called the pinch effect; it is
what gives the FET its amplifying proper­
ties. As fie ld strength increases, even­
tually it reduces the width of the tunnel so
much that current ceases to flow. The volt­
age at which that occurs is called the cut­
off or pinchoff voltage (Vp).
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WHAT IS A FET?

THE TERM FIELD-EFFECT TR ANS ISTOR IS G E­

neric and covers several kinds ofdevices .
But, basically, any semiconductor device
whose operating characteristics are influ­
ence d by a co ntrolled e lect ric fie ld
qualifies as an FET. That genera lization
has led to the identification of three dis­
tinct FET types , labeled A, B, and C.

creasing the negat ive gate voltage re­
duces IDS to a very small amount.

The type-C FET, on the other hand, is
an enha nce ment-mode tran sisto r. As
shown in Fig. 1-c, it requires gate voltage
before current will flow from sour ce to
drain. At ze ro gate volts, zero draincurrent
flows.

TYPE C
ENHANCEM ENT-'0

Note that that measurement is made
with the drain shorted to the source . Many
FET measurements requ ire that several
element s be tied together. Figure 5 , for
example, shows how to meas ure Vo ss '
Genera lly, the values of Voss and VGSS

are ident ical, beca use in esse nce the gate
is shorted to one end or the other of the
semiconductor substrate.

In some cases it is necessary to app ly a
bias voltage to measure a part icular pa­
rameter. Vos ' for example, is measured
with a voltage applied to the gate. The
voltage on the gate adds to the drain volt­
age , and that effecti vely lowers the break­
down voltage of the device . Som etimes a
data sheet will ident ify that parameter as
VDS X ' where X repre sents the test voltage
app lied to the gate.

continued Oil page 88

FIG. 5- TO MEASURE Voss, use this set-up.
Gradually increase current (1 0 ) to the point
where fu rther curre nt increase does not cause a
corresponding voltage inc rease.

Atype-B FET is a hybrid ofthe Aand C
types . It is bas ically a depletion-mode
transistor with enhancement features. As
shown in Fig. t -o, at zero gate volts , a
current equal to about half the maximum
IDS flows. A depletion voltage on the gate
reduces IDS and a positive gate input in­
creases it. R-E

setup for measuring VGSS' the breakdown
voltage of the gate-to-source junction . To
make the measurement , apply a constant
current to the diode junction in the reverse
mode and meas ure the voltage across that
junction .

b

Fig . 1

as a
wn in
eple­
uad­
tage
flow
only

e. In-

TYPE B
DEPLETION

TYPE A
DEP LETION _' oss

Testing JFET's
The static parameters of the JFET are

measured in much the same way as those
of the bipolar transistor. Leaka ge current
is measured with a milliammeter (or mi­
croam me te r) a nd a cons ta nt-vo ltage
source . Breakdown voltages are deter­
mined by allowing a limit ed amoun t of
current to flow throu gh the device in the
avalanche mode and mea surin g the volt­
age across the transistor.

Figure 4 , for example , represents the

pica l
FET are shown III Fig. 3 . Eac h curve
shows how 10 varies with Vos ' when VGS

is held constant. In the lower part of eac h
curve , as Ye s increases , 10 increases pro­
port ionall y. In that more-or-less linear
portion of the curve , the FET displays its
ampli fying properties .

As the voltage across the FET con­
tinues to increase , the width of the deple­
tion reg ion (the tunne l) increases until
further increases in Vos cause no increase
in current , as depicted by the flat parts of
those curve s . That area of operation is
called the constant-current mode; it oc­
curs when the gate-de pletion field satu­
rates the drain-to-sou rce path .

If Vos increases further, eventually the
device goes into avalanche current multi­
plication. That occurs at the breakdown
voltage of the transistor, which is repre­
sented by the term Vo ss ' The avalanch e
current , if a ll owed to con tinue un ­
checked , eventually would de stroy the
transisto r.

V S = 0

/
VGS

VGS

I a I

I
t -v S·

0 1-
The type-A FET is cha racterized

I depletion-mode trans istor. As sho
Fig. 1-a, it operates onlywithin the d

V s=-2 tion-voltage section of the VIcurve (q

V
rant II). In othe r words, with no vol
applied to the gate , current is free to

S = - .I between source and drain, restricted
by the lump resistance of the devic

'/ Vt;s = -4

IY V S = - 5
The characteristic curves of a ty

«
E
I
c 4

2
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FIG. 2-IMPORTANT VOLTAGE AND CURRENT
parameters of the JFET are shown here.

o
o 10 15 20 25

VOS - VOLTS

FIG. 3-CHARACTERISTIC CURVES of a typi cal
JFET are shown here. In general , higher values
of Vos correspond to higher values of 10 ,

Like the bipolar tran sistor, the FET has
severa l important vo ltage and curre nt
characteristics; they are indicated in Fig .
2. The voltage characteristics each have
three subscripted terms; the first two terms
indicate the terminals between which the
voltage is measured , and the third indi­
cates the disposition the third terminal .
The third term is either 0 (for open) or S
(for shorted). So, for exa mple, VOGO rep­
resents the voltage between the drain and
the ga te, with the source uncon nected
(open).

In Fig . 2 the subscripted terms repre­
senting current indicate the terminals
through whic h that current flows. For ex­
amp le , lOG represen ts the current that
flows from drain to gate .

FIG. 4-TO MEASURE VGSS' use thi s set-up .
Gradually increase curren t (IGs) to the point
wh ere fu rther increase in current does no t
cause a corresponding increase in voltage.
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PC SERVICE
One of the most difficult tasks in build­

ing any construction project featured in
Radio-Electronics is mak ing the PC
board using just the foil pattern provided
with the article. Well, we're doing some­
thing about it.

We've moved all the foil patterns to this
new section where they 're pr inted by
themse lves, full sized , with nothing on the
back side of the page . What that means

for you is that the printed page can be
used directly to produce PC boards!

Note: The patterns provided can be
used directly only for direct positive pho­
toresist methods.

In order to produce a board directly from
the magaz ine page, remove the page and
carefully inspect it under a strong light
and/or on a light table. Look for breaks in
the traces, bridges between traces, and in

general, all the kinds of things you look for
in the final etched board. Youcan clean up
the published artwork the same way you
clean up you own artwork. Drafting tape
and graphic aids can fix incomplete traces
and doughnuts , and you can use a hobby
knife to get rid of bridges and dirt.

An optional step, once you're satisfied
that the artwork is clean, is to take a little
bit of mineral oil and caref ully wipe it

FOIL PATTERN FOR THE GATED­
SYNC descrambler described in Jan­
uary is shown here.

~ I....------ ----4Yz INCHES---------~I'"
73



across the back of the artwork. That helps
make the paper transluscent. Don't get
any on the front side of the paper (the side
with the pattern) because you 'll con­
taminate the sens itized surface of the
copper blank. After the oil has "dried" a
bit-patting with a paper towel will help
speed up the process-place the pattern
front side down on the sensitized copper
blank, and make the exposure. You'll

probably have to use a longer exposure
time than you are used to.

We can't tell you exactly how long an
exposure time you will need as it depends
on many factors but, as a starting point,
figure that there's a 50 percent increase in
exposure time over lithographic film. But
you'll have to experiment to find the best
method for you. And once you find it, stick
with it.

Finally, we would like to hear how you
make out using our method. Write and tell
us of your successes, and failures, and
what techniques work best for you. Ad­
dress your letters to:

Radio-Electronics
Department PCB

500-B Bi-County Blvd.
Farmingdale , NY 11735
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USE THIS PATTERN to build a de­
scrambler fo r the outband system
used by some cable-TV systems.



DE of the clock
COMPONENT SI ter Digest for
board. See C:0mpu
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SOLDER SIDE of the clock board for
IBM PC's and compatibles.
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SATELLITE TV

Why Videocipher is dead

BOB COOPER, JR.,

SATELLITE-TV EDITOR
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NOW THAT VIDEOCIPHER IS BROKEN

and plug-in lC's are available "on
the street" to break the Vid-

- --eocip her- co de, here-are-so me­
words about the dangers involved
in all of this.

First of all, if Section 705 of the
Cable Communications Act of 1984
has any teeth at all, the sale or use
of scramble-busting equipment or
hardware-or even how-to infor­
mation-is a federal crime . Be
warned.

The reality is that, as this is writ­
ten, dozens of people and firms
are offering lC's for sale. There are
three different approaches:
• Cloning. In the cloning ap­
proach, a working unit is desig­
nated as a "master." Its unique
electronic address is extracted and
stored in an external EPROM.
Then the EPROM is used to rewrite
the address code or identification
number on other Videocipher
VC-2000 units. In that way, two or
more units end up sharing the
same electronic address . That
means that if one person, owning
one of those units, subscribes to
and pays for a number of services
such as HBD, Cinemax, CNN,
Showtime, and Disney, all other
units sharing the same identifica­
tion code will also receive those
same programs. Only the first unit
pays for those services.
• Musketeering. In musketeering,
you sign up your Videocipher 2000
for one service, typically a low­
cost service such as CNNICNN
Headline News, which sells for $25
per year. The U30 EPROM is then
replaced with a new EPROM, like
the one shown in Fig. 1, which is
specially rewritten for the occa­
sion. When the new EPROM is in-
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serted, the VC-2000 receives, fully
descrambled, all of the scrambled
services. Figure 2 shows a screen
display of a Cinemax program de­
scrambled with a musketeer de­
vice. So for perhaps $2 per month
you receive $60 or more in pro­
gramming services.
~ ,

• Clone-Tiering. Clone-tiering is a
variation of the basic cloning and
musketeering approaches. A unit
is first cloned with the authoriza­
tion number from one master box,
and then it is enhanced with a new
U30 IC so that it receives all of the
services up there. In other words,
it is the best of both worlds .

Problems?
Alas , there are many problems.

Several variations of the mus­
keteering approach are in the mar-

INTERESTED IN SCRAMBLING?

Bob Cooper 's GSD Magazine
maintains a 24 hour per day Scramble­
Fax-Hotline telephone service (3051771­
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. 33310or
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 Boresight at 9 PM
Thursday nights (Spacenet 1, transpon­
der 9) for a weekly one-hour report on the

I activities in the home TVRO field.

ketplace . One group, based along
the eastern seaboard but peddling
their IC through a Nassau,
Bahamas address, is selling an
"unprotected" lC. In other words,
a half-bright person with an
EPROM burner can buy one of the
lC's and then make up several doz­
en (hundred, thousand) copies for
the price of a bare EPROM (typ­
ically under $4).That is happening.

Other musketeering groups
have taken steps to "protect" their
lC's and have hidden the software
routine they have created so it is
not all present on a single IC, and
is not directly copyable under any
circumstances .

Meanwhile, in the cloning
camp, there is another argument
going on. In the cloning process, a
master IC carries the authorization
information from the master to the
clones . The first sellers of cloning
services insisted that those who
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a sta nd- alone descram b le r box,
not made by GI or any aut ho rize d
sou rce , t hat wi l l all ow a TVRO
viewer to tune in any service at
w i l l, from anyp lace w ithi n t he
footprint of the US domestic satel­
li tes. There wi ll be no record that
th e individual owns a descrambl er
box and he w il l be totally untracea­
b le. The mark eting of that " ulti­
mate " so l utio n is ant ic ipate d
around June 1st of thi s year.

V id e o ci ph er, fo r bette r o r
worse, is t ruly dead. R-E

from th e meeting.
So th e cab le programmers bl ew

th e oppo rt uni ty to stop the spread
of un d erg ro und hardware and
softwa re, and th e rest is now hi sto­
ry. Ah ead are the " real" solutions
to th e Videocip her system .

Th e p resent syste ms are soft­
ware o riented and take advantage
of software programming "errors"
that the origi nator of t he system,
MIA-Com , allowed to sneak into
th e syste m .

The next level of so lut io n w ill be

CS O/ COOp's Satell ite Digest
P.O. Box 100858/Ft. Lauderdale, FI. 333 10

- Telephone 305-77 1-0505 -

___ l ! <':

and HE WILL SEND YOU $63!
NOPE - not a new fangled 'chain letter'. ~
TVRO pioneer Bob Cooper, Jr. has put to- ,. ; /~/ ;J;(':co,
getherthe most useful 'Data-pack' possible \~ ::~~~~~
to bring you up to full speed on satellite . ' : 7 .:;'. ".'..'.',;.:"' ::
television scrambling. It will cost you $20 to . '/ ;~:7~':~::::':'-::~

~~~~~ all of the following valuable infor- :t'jitifi:/~t~~~

1) YOU RECEIVE the 3 'current issu es' of CSD Magazine; lite rally, 'the bible' of
the home dish industry. The most complete insider loo k at the new equipment,
scrambling st rateg ies, worldwide satellite explosive growth anyplace. You re­
ce ive3 issues starting with the now- current iss ue. A great introduction to TVRO!
This is an $18 value.
2) YOU RECEIVE the current plus two recen t bac k iss ues of SCRAMBLE-FAX,
the hot-news 'Newslett er' that details the rapid cha nges ta king place in scram­
bli ng, who is scrambling, how; who is working to break scrambling, their progress
to date. Th is is a $30 value.
3) YOU RECEIVE the spec ial 180 pag e COM M EMORATIVE EDITION OF
Coop's Satellite Digest, the full, unabridged histo ry of home satelli te television.
This is the handiest, one-source reference record ing the hom e dish industry '; a
$15 value.
YOU RECEIVE all of the facts, all of the histo ry, and all of the current,
hard-to-find news about TVRO and scrambling. Fro m Coop ; the indus­
try's most authoritative info rmation sou rce. Send your che ck or money
order to the address below, or, with your Visa or Mastercharqe ca rd
handy, call in your orderto 305/771 -0505 we ekdays between9 AM and
4 PM. Jo in the Coop team and learn AL L the fac ts today!

wished their boxes cloned bring
the boxes to a center (outside of
the USA) for the cloning opera­
ti on . That slowed down commerce
significantly. The next cloning
groups decided that t hey would
trust their custo mers to have con­
trol and posses sion of the magi c
cloning masters . So rather than
tell a person to bring their boards
to the cloning center, they began
sell ing cloning masters. The going
price as we write this report is be­
tween $4,000 and $6,000 for a clon­
ing master. Most people buying
these masters are then taking
them as "cash-flow machines" and
going out into their neigh­
borhoods offering to clone peo­
ple's units. The retail price to the
consumer is around $200-to -$300:­
Thus a person who pays $6,000 for
a clone master can clone 100 units
and spread his $6,000 cost into 100
equal units of $60 each . When he
collects $300 for each unit he
clones, he collects $30,000 by
doing 100 units . His $6,000 invest­
ment just became $30,000, a profit
of $24,000. As you might expect,
business is brisk!

Could it be stopped?
All of thi s happened in

November and December with
lightning speed. In ju st a matter of
days clone masters and mu s­
keteering techniques sp r ead '
border to border and coast to
coast almost overnight. The rapid
sp read of techniques and tech ­
nology caught the cable program­
mers and scramblers totally un­
prepared.

Moreover, the wide distribution
of the knowledge in such a short
period of time made it virtually im­
po ssible to locate a core of thi s
information to stamp it out. There
was a time, perhaps a two week
window back in early November,
when the cable-programmin g
trusts could hav e stop ped all of
thi s by dealing with a half dozen or
so people who had that special
scramble-busting knowl ed ge. And
they had the oppo r tuni ty to do so.
In fact , a meeting between a hi gh
executive of General In struments
and a representative of the scram-

. ble-busting " t rust"was scheduled
for October 19th and was in place
until GI attorneys got into the act
and forced their man to withdraw
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FIG. 1

Psychoacoustics and Stereo Imagery
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I N MY LA ST TWO CO LU M NS I D IS­

cussed the tec hnologies and pur­
p o ses of sig nal pro cesso rs. I
indi cated t hat t he major troub le
areas in aud io reprod uct io n are
noi se, dynami c-range limitation s,
fr equ en cy bala nce, and spat ia l
imagin g. I covered t he f irst three
probl em s in past co lumns ; now

let 's take a brief look at t he theory
of stereo percepti on and the way
t hat ce rtai n produ cts can affect
and enhance the stereo illusion .

Auditory localization
The human ear/brain's abil ity to

localize sound sources is impo r­
tant for at least two reason s: It en-

LARRY KLEIN,
AUDIO EDITOR

abl ed o ur rem ote ancesto rs to
det ermine th e preci se direct ion
from which th e saber-to oth ti ger
was co ming (as a guide to the d i­
rect ion in w hic h they should be
go ing), and tod ay it provides th e
ability to co nst ruct a stereo image
psych oacou sti cal ly fro m two or
mor e sound sources.

There are two di ff eren ces be ­
tween t he so unds reachin g o u r
ears th at we use to achieve lo­
calizati on: tim e-of- arrival dif­
f eren ces and so u nd -press u re ­
level differ en ces. In add iti on ,
th ere is some evid ence t hat fre ­
qu en cy-respon se diffe rences be ­
tw een t he ea rs d ue to h ead
d iffract ion assist t he local izat io n
process, but th e prese nt view is
th at th e cont rib ution is small, no
matter how large the head. In gen­
eral, di ff eren ces in arr iva l t imes
are used to localize lower-frequ en­
cy sound sources, and differences
in level are used fo r the higher fre­
qu en ci es; th e b rain 's crossover
point between t he two is about
1200 Hz.

There's a good reason w hy yo ur
ear/ b rain mech an ism uses (act u­
all y, need s) two di ff eren t cui ng
mechanisms for localizati on. For
wavelength s in the mid- to high­
frequ ency ranges, your head is an
acou sti c barri er t hat parti ally
blocks th e sound reaching the ear
m o st di st an t f ro m t he so u n d
source . The d ifference between
the ears is abo ut 16 dB at 5,000 Hz,
falling to abo ut 7 dB at 1,000 Hz.
Wh en t he freq uency i s l o w
eno ug h (i . e. , the wave le ngths
lon g enough), the head ceases to
be an adequate baffle and essen­
t ially t he same signa l level is heard
by both ears.

However, yo ur brai n st il l senses



Improving the image
A n ap p rec iatio n of t he earl

b rain 's stereo spa t ia l perception
mech anism is hel pful in un der­
stand ing the techniques used by
th e vario us stereo en hancers, im­
agers, and synthes ize rs. Here are
some commo nly used techn iques.

t he d i ffer en ces in arr iva l t ime
(phase) between the signals reach­
ing yo u r two ears-which is about
0.6 mil lisecond from a source lo­
cated fu lly o n one side of the head
or t he other-and that information
provides the data needed for lo­
calizatio n. Below 200 Hz or so,
w here wavelengths are very long,
arriva l-t ime di ffer ences begi n to
di sappear and di rect ional ity be ­
gins to be lost. That , by the way,
explains why the sound fro m sub­
woofers is non -di rect ional.

• In a normal stereo record ing in
which two speakers are used to
reprod uce each performer and in ­
strument, there is a larg e amount
of "inter-aural crossta lk ." In other
words, too much of the left-chan­
ne l sound intended only for the
listener's left ear reaches his right
ear, and vice versa . Polk 's SDA
speakers, shown in Fig.1, and Car­
ver's electronic "Holographic" cir­
cu it s ach ieve the i r effects by
aco ustical ly (Po lk) or elec­
tro n ica lly (Carver) nu lling the
sound that reach es each ear from

Unnatural stereo the oppos ite, unwanted channel.
What I've ju st descri bed is the Th e e n hancement that resu lts

way th e ear localizes th e source of fro m t hat proced ure has to be
natu ral sounds. A lt ho ug h ste reo heard to be be lieved. The sound
rep rodu cti on makes use of the stage is no lon ger confi ned to a
same -pe rceptua l-mechanis ms to - narrow ly defined space between
gene rate a spat ial im age, the pro- the r ight and left speakers; de-
cess of ste reo reprod u cti on pending upon the program mate-
provides di ff erent and somewhat ria l, it can form an arc of almost
probl em ati c raw materi al for the 180-degrees in front of the listener.
ear/brai n to work with. Prob lems • Some imaging devices manipu-
arise because part of the sound late the phase of the two channels .
produced by each mu sical inst ru- Others ext ract the left-min us-right
ment and performe r in a reco rdi ng signal (w hich represents the dif-
almost always ap pea rs in both fere nce between the two chan -
channe ls and is rep ro du ced by nels) and use it to enhance the
two w ide ly spaced speakers . "rightness" and the " Ieftness" of

So if yo u hear a centered soloist, eac h cha nnel. Th at tec hnique,
both r ight and left speake rs are w hich has been used in several re-
cont rib ut ing in equal measure to ceive rs, can substantially broaden
th e illusion. But w hen a voca list o r the stereo sound stage.
mu sical inst rume nt appears more • Mo no -to -stereo synt hesizers
to th e left o r to th e righ t , the loud- "comb-fi lter" the audio spectrum
ness/phase differen ces in the two int o three or more segme nts (the
sig na ls reaching yo u r ears have more, t he better), putt ing alter-
t ilted yo ur perc eption in one d i- nate bands in each channel, and/
recti on or another. or ph ase shifting each of t he newly

For example, w hen you are li s- ge ne rated channe ls in oppos ite
te n ing to a we l l -reco rded jazz di rect io ns . Th o se c ircu its are
group, each per fo rm er (plus w hat- fo und in some audio/video prod-
ever reverberant hall sound might ucts; their intention is to provide a
be capture d) is represented by two ste reo effect from mono sou nd
sig na ls, o ne in eac h chan ne l. It t racks and broadcasts.
sho uld be obvio us that stereo re- • Several loudspeaker manufac-
p rod uction is a tota lly artificial turers have rearranged the sound-
(and, as yo u can see, surprisingly f ield propagation of their products
comp lex) process th at wo rks by (by the use of acoustical and elec-
manipul at in g-an d mis leading- trical delays) to offset some of the
the ear's normal sound-Iocaliza- spatial constrictions and ar-
tion proced ures. tificia lities introduced by normal

ste reo reproduction . AR's Magic
Speaker and dbx's speaker sys­
tems embody that approach.
• T i me-delay devices e lec ­
t roni cally de lay a portion of both
right and left cha nne l signals sepa­
rate ly and feed them into strate­
gically pl aced rear speakers as a
means of emu lat ing the acoust ic

time delays found in large concert
halls .

I've probably neg lected a few
special techniques during my
once-over-Iightly treatment, but
my purpose was to remove some
of the technical mystery from the
various products , not to create a
catalog .

Four-channel revisited
A new breed of audio processor

has come into prominence re­
cently. To the audio old -timers
among us, they may seem some ­
what rem iniscent of the quad de­
coders of the early sevent ies. To
distinguish the new prod ucts fro m
their multicha nnel predecessors,
these new products are referred to
as Sound Field or Surrou nd Sound
Processors, Home Theat re Sound
Systems, or simp ly Dol by Sur­
round Decoders. The processing
in the more complex units is do ne
mostly by digita l means. We' ll look
at those units next month alo ng
with some of the reasons why ste­
reo doesn't work right. R-E
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A DTMF receiver

FIG. 1
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du ct or manufacturer co mes up
wit h some special-purpose device
that really goes a.long way in sim­
plifying ci rcuitry. If you' re a reg­
ul ar reade r of t h is co lumn, yo u
sho uld know that I li ke to li se as
many standard parts as possibl e in
a first-t ime design . It makes thi ngs
easie r to t ro ub les hoot, under­
stand, and modi fy. Dedi cated lC's,
however, can co me in really hand y,
and some of the m are so useful
that you event ually start thinking
abo ut t he m as sta ndard p ar t s.
Now that we' re ready to talk abo ut
t he receiver half of o u r rem ote­
co ntro l system, yo u'll see w hy it 's
smart to go fo r a dedi cated lC.

Figure 1 is the block d iagra m of
the receiver. The fro nt end of the
syste m is an IR detector and ampli ­
fi er. Putting one of th ose toget he r
is the kind of st raightfo rward de­
sign problem we've go ne over in
th e past; wh en we get into the ac­
tu al circu it ry, yo u ' ll have no trou­
bl e at all understand in g how it
wo rks. Th ings get a bi t more com­
pli cated w hen we get in to the de­
modulator. As yo u w il l soo n see, a
dedi cated IC is go ing to co me in
handy th ere. But f i rst, let 's get th e
front end out of t he way; then we
can go on to the more interest ing
stuff .

The front end
You don ' t nee d a lot of parts to

B put togethe r an IR rece ive r. In fact,
. z the most important co nsideration

a? in the ci rcuit is t he choice of op­
t amp, since it wi ll have an effect on
~ t he typ e of power supply yo u wil l
6 need. I'm usin g a 741 since t hey're
15 chea p an d avai la ble . A lso, al­
~ th ou gh the 741 is mu ch happ ier
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w ith a bip ol ar supply, if you can
li ve w it h so me com prom ises in
perform ance, yo u can power it
wi th ju st a positive supply. Fo r our
application, t he slight degradation
in performance can be ignored.

The schemat ic of o ur senso r/am­
pli f ier ci rcuit is shown in Fig . 2.
Photodet ecto r Q1 is sens it ive to
both infrared and v is ib le li gh t.
Since we want the circuit to re­
spo nd only to IR signals, the fi rst
thing to do is to cover Q1 with a
good IR f ilte r.

There are lots of ph otographic
f i lte rs that can d o th e jo b but

FIG. 2

they're all fairly expe nsive. A good
substit ute is a piece of developed,
unex posed Kodachrome (not Ek­
tac hrome) f i lm . W he n yo u have
yo ur ph o to graphic slides de­
velo ped, th e end of th e ro ll of film
is sent back f ro m t he p ro cesso r
alo ng with th e slides . That w ill do
the job fin e. Put the receiver ci r-

cuit ry in a l ig ht -t ig ht box, cut a
smal l w indow fo r t he fi lter, and
yo u' re in busi ness.

The o utput of ph ototransistor
Q1 is decoupled by C1 and fed to
the base of Q2, a one tran sisto r
prea mp w it h a lot of gain. The act u­
al amo unt of gain is set by R2; th e
sma lle r t he res isto r valu e t he
smaller the gain. A value of 470K
wi ll give yo u more than enough
gain for the circuit, but you can
experi me nt w it h di ff erent values if
yo u want to change the circuit 's
cha racteristics . Since t he re are
w ide d iffe re nces in phototran­
sistor o utput levels, yo u may want
to adj ust the gain of the preamp.
The 741 is a non-inverting ampli f ier
that beefs up the leve l of th e sig­
nal. You sho uld test that part of th e
circu it as soo n asyou fi nish assem­
bli ng it. Just co nnect a scope, logic
probe, or even a sim ple LEDto the
output of IC1 and signal th e detec­
to r wit h yo u r t rans mitte r. You
sho uld get a nice hefty signal at pi n
6 of 10.

The demodulator
Now that we 've detected the

DTMF tones from the trans mitter
and have them availab le at a de­
cent level we can move on to the
next part of the rece ive r, the de­
modulator. The signal fro m t he 741
is t he combi nation of t he high- and
low-grou p to nes we gene rated at
th e transmitter. Before we can de­
code the key that was pressed , we



have to separate the high and low erence is brought out to one of the
groups. Doing that used to be a pins. We 're going to be using the
pain in the neck since the only way IC in one of it's simplest configura­
to reliably split the two groups was tions , but it is capable of a lot
to use either a tone decoder, such more . If you wind up doing a lot of
as an LM567, or specially made ce- DTMF work, that IC will be useful
ramic filters . The former was fairly in keypad and t ransmitter circuits
cheap but complex, and the latter as well.
was simple but expensive. In any Pins 11,12, and 13 are all related
event, both approaches produced to the lC's input op-amp and we've
temperamental circuitry. You had set it up as a non-inverting amp.
to keep an eye out for temperature The 25K potentiometer in the feed-
drift, voltage fluctuation, compo- back loop is used to set the gain.
nent aging, and other things that When the receiver is built and
can take the fun out of circuit de- working, you'll use that control to
sign . avoid overdriving the filtering cir-

In the last few years, manufac- cuits inside the S3525A. Both R2
turers have been offering dedi- and R4 can be adjusted as well if
cated lC's that have taken the pain you run into a situation where
out of DTMF decoding. AMI, for there 's just too much gain. As soon

- '- in stance , offers-the-S3525A, a - as we connect the crystal and a 10
CMOS IC that does the whole job megohm resistor across the os-
in just one 18-pin package . cillator pins (pins 16 and 17), we've

A block diagram of the S3S2SA is taken care of the clock. As you can
shown in Fig. 3. As you can see, see from Fig. 3, the IC has internal
there's a lot going on in that tC. If dividers to produce the tones it
you are planning to do any serious needs to drive the various filters;
work with that device, I suggest you just connect the crystal and
you obtai n the com plete data leave the rest of the work to the Ie.
sheet. The high and low groups first

FIG.3

puts to those comparators and use
a couple of resistors to set their
gain . The outputs of the two com­
parators (pins 7 and 8) contain the
low and high group tones respec­
tively in digital form. All that's
needed to finish off this part of the
circuit is to connect the com­
parator outputs to a decoder that
will translate the tones back to bin­
ary.

If you're really up on the current
state of dedicated DTMF lC's,
you'll already know that there are
devices that take the S3525A one
step further and also convert the
high-group/low-group informa­
tion to binary, BCD, or even 2 of 8.
Unfortunately those lC's are a bit
more expensive to buy and harder
to find . The S3525Ais fairly easy to
get and can be interfaced to any
standard DTMF decoder Ie. You
also get a bit more flexibility using
a two-IC design .

Once again, though, it's really a
matter of taking a good look at
your application and deciding
which route is the best one for you
to follow. It simplifies the board
design if you do as much as you
can in asingle IC, butthe price you
pay for simplicity is the lack of flex­
ibility. For our purposes, there's
more to learn by using a two-IC
set, so that's what we're doing.
When we get together again next
month, we'll connect the decoder
to the circuit and add a digital dis­
play so that we can check the key
presses made at the transmitter.
Admittedly it's not the most imag­
inative use for that type of circuit
but, never fear, we'll come up with
a few surprises as well. R-E
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The more you use It themore useful it
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Among the goodies in the IC are
an uncommitted CMOS op-amp,
analog and digital tone gener­
ators , and a buffered clock output
so you can drive the decoder IC
and the S3525Awith only one crys­
tal. Both high-group and low­
group outputs are fully adjustable
and the chip's internal ground ref-

appear at pins 15 and 14 as analog
signals. That's fine for some ap­
plications, but we're going to be
usi ng a decoder that wants to see a
digital input so we have to make
use of the two comparators on
board the IC to square up the ana­
log outputs. All we have to do is
capacitively couple the analog out-

We support 300 and 1200 baud operation.

Parameters: 8N1 (8 data bits, noparity, 1 stop
bit) or 7E1 (7 data bits, even parity, 1stop bit).
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access.
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STATEOF

SOLID STATE
Temperature transducer

ROBERT F. SCOTT,
SEMICONDUCTOR EDITOR

THE M OST COMMON LY USED TEM ­

perature sensors and transdu cers
in clud e the rmoco up les , th er­
mi stors, temperature-de pendent
resistors;' and biasedd iodesr The
ADS92 precis io n t emp erature
transducer from Analog Dev ices
provides output curre n t t hat is
proportional to abso l u t e te m­
perature; the IC is an ideal re­
placement or subst it ute for t he
types of transduce rs men t io ned
above . It is a two-termi nal device
that acts as a high-im pedance te m­
perature-depende nt c urre nt
source that yields 1 !LA per degree
Kelvin. It can operate fro m 4- to 30­
volts DC.

The transducer can be used ove r
a temperatu re range of -25°C to
+1S0°C with typical calibration er­
ror of 2.0°C at 25°C. Over the O°C to
+ 70°C range, calib rat io n erro r is
1SC. Typical app licatio ns include
temperatu re m easurem ent and
contro l in automotive, hom e, and
industria l envi ro nme nts, HVAC
(Heat ing, Venti lati ng, and Air
Conditioning) system mon itoring,
and temperature correctio n in pre­
cision electronics. A low parts­
count per app licatio n makes the
ADS92 a co st-effective devi ce be­
cause expensive li nearizati on cir­
cu i t ry, precision vo ltage refer­
ences , and cold-junctio n co mpen­
sation are not requ ired.

The design and operat ion of the
ADS92 temperatu re transducer

~ comes from basic silicon trans isto r
z th eory: When two identical silicon
~ tran sistors are operated so t hat
b there is a constant ratio between
~ their collector currents, t he d if­
6 fe rences in the ir base-emitter vo lt­
o ages will be directly p rop orti on al
-cex: to absolute te mperature.
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Fig. 1

In t he AD S92, t he di ffer en ce
vol tage is conver ted to a current
that is proporti on al to abso lute
te mperature by on-chi p, low- tem­
per ature-c oeffi ci ent th in-film re­
sisto rs. The outpu t current , wh en
properl y scaled , is equal to th e ab­
so lute temp erature (in d egrees
Kelvin) of th e t ransdu cer.

Durin g p roducti on , t he o n- IC
scaling resisto rs are laser-t rimmed
to provide th e 1 !LN °K outp ut w it h
supply vo ltages rangin g between
+3and +30volts. The out put cur­
rent ranges from 248 !LAat - 25°C,
to 298 !LA at + 25°C, to 378 !LA at
+ 105°C.

The tra nsducer is packaged in a
plastic TO -92 case and is availab le
in three perfo rm ance grades with
maximu m calibratio n erro rs rang­
ing fro m OSC to 2SC.

Figure 1 shows the basic circuit
for using the ADS92. Variab le re­
sistor R1 mu st be adjusted fo r the
desi red scale factor. To t rim the cir­
cu it , a preci sel y k nown tem ­
perature mu st be measur ed by the
t ransd uce r an d t he resis tor ad-

j u st ed for t he desi red o ut p u t
sca le. Fo r exa mp le, w it h t he
ADS92 transd uce r at O°C, adjust R1
so that VO UT = O. Do ing so null s
the initia l calibration erro r and
shifts the output units fro m Kelvi n
to Celsius .

By using an op-amp, scale facto r
and calibration errors can be eli mi ­
nated; consu lt the manu factu rer's
data sheet for the circ uit. Another
ci rcuit shown in the data sheet al­
lows output to be scaled in either
degrees Celsius or Fahrenheit. The
circuit uses an op-amp, and allows
fo r easier calibration .

Furth er techn ica l in formati on
on t he ADS92, and ap plications
cove ri ng remote te mperature mul­
tip lexi ng, a varia ble t he rmostat ,
and te mperature-to-digi tal output
can be fo und in the data sheet and
i n t he 1986 D ata Acq u is it io n
Databook Up date and Selection
Guide. Co ntact an Anal og Devices
sales office in yo ur area or write to
Analog Devices, P. O. Box 280, Nor­
wood, MA 20262.

Bridge motor dr iver
Sprag ue's n ew UDN -2998W,

shown in Fig . 2, is a du al f u ll­
bridge motor driver that inte rfaces
low-level l o gi c to so le noids,
brush less-DC and stepper motors.
It can operate 50-volt induct ive
loads w ith co nt inuo us currents as
high as two amp s per bridge, and it
can supp ly peak (start- up) cur rent
of as much as t hree amps pe r
bridge . Control inputs are com ­
patible w ith TTL, DTL, and f ive-vo lt
CMOS logic.

The new device differs from sim­
il ar motor drive rs in seve ral re­
spects:
• Eig ht powe r d io des (fou r pe r
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New transistors
The 2N7056 and 2N7059, shown

in Fig. 3, are the first in a new se­
ries .oLtrans istors from Siliconix
t hat uti lize the company's
MOSPOWER-6 techno logy in the
electrica lly isolated TO-218 pack ­
age . Those ISO WATT218 devices
provide 4000-volt iso lati o n be ­
tween internal electr ical po ints
and t he heatsink or other mount­
ing surface .

The new devices are produced
jointly by Siliconix and SGS Semi ­
conductor and wi ll be offered in­
dependently by both fir ms.

The 2N7059 has a 500-volt break­
down rati ng, max imum continu­
ous current rati ng of 8 amps, and a
maxim um on resistance of 0.45
ohm. The 2N7056 is sim ilarly rated
at 200 vo lts, 19 amps, and 0.1 ohm.
Each can dissipate 75 watts cont in ­
uous ly without derating. The tran­
sistors cost $3.95 each in 10,000­
p iece lots, and $5.00 each in lots of
1000.

For add it ional in fo rmat io n on
those devices , contact Siliconix
Inc., 2201 Laurelwood Rd., Santa
Clara, CA 95054.

Reference guide
Data Converters and Voltage

References is a new short-form
brochu re o ut lining Ferrant i Semi­
conductor's wide range of ND and
D/A converters, along with its line
of precision voltage references.
The 10-page guide gives key pa­
rameters for the company's AID
and D/A co nverters, digital volt­
meters, and fixed voltage refer­
ences . Send requests for the
brochure to Ferranti Semiconduc­
tors, 87 Modular Ave., Commack,
NY 11725. R-E

voltage is 15 J-lV maximum, drift is
held to 0.15 J-lvrC, and supply cur­
rent is 850 J-lA maximum . Offset
voltage is five times lower than the
typ ical quad op-amp; offset volt­
age drift is eight times lower.

The TSC914's pinout match es
that of the LM324. It is a drop-in
rep lacement for the LM348, the
OP-11 , and the TL274, w ith ± 5-volt
operation. The TSC914 is available
in two performance and two pack­
age vers ions . For more informa­
t ion, contact Teledyne Semiconduc­
tor, 1300Terra Bella Ave., Mountain
View, CA 94039-7267.

bridge) are included per lC. Those
diodes , w hich are essential in
motor-drive applications, are not
provided on-IC by most other driv­
er manufacturers.
• The 12-p in single-in-l ine power­
tab package can dissipate 5.2 watts
at +25°C-nearly 50% more than
the 3.5 watts competit ive devices
can dissipate.
• An internal regu lator allows op­
eration from a single vo ltage
power supp ly. Sim ilar devices re­
quire an additio nal 5-vo lt supply.
• An intern all y generated turn-on
de lay prevents power-consu ming,
heat-producing crossover currents
t hat wou ld otherw ise deve lop
w hen sw itc hing phase (changing
current d irection).
_ P.rotect ion features incl ude.ther,
mal-shutdown circu itry, crossover­
current delays, and flyback and
ground-clamp d iodes . For PWM
(Pulse Width Modu lat io n) contro l,
an OUTPUT ENABLE pin is provided
for each bridge . Sink-driver emit­
ters pi ns are broug ht out fo r con­
nect ion to external curre nt -sens­
ing resisto rs.

The U DN-2998W costs $4 .16
each in 100-p iece lots . For detai led
info rmat ion , req uest Data Sheet
29319.6 from Tech ni cal Literature
Service, Sprague Electr ic Co., 4
Hampd en Road, P. O. Box 9102,
Ma nsf ie ld, MA 02048-9102

Quad auto-zero op-amp
Teledyne Semiconductor's new

TSC914 is the f irst complete chop­
per-stab il ized m on oli thi c qu ad
op-amp. Chopper-stabi lized auto­
zero amp lifiers offer low offset
vo ltage and drift by per iodi call y
sampli ng offset error, stori ng a cor­
rection vo ltage on a capacitor, and
using that voltage to compensate
fo r offset vo ltage and d rift.

Earlier chopper-stabi lized am­
pl ifiers have been packaged one to
an IC, and ear lier quad packages
have been bipo lar or low-perfo r­
mance CMOS types, neith er of
wh ich can take advantage of chop­
per techno logy.

Un l i k e ear l ier c hopper-sta­
bilized op -amps, the TSC914's ar­
chitecture makes poss ib le the use
of storage capacitors small enough
to be included in the IC. The ad­
vanced chopper circu itry nu lls off­
set vo ltage over time and and w it h
variations in temperature. Offset
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ANTIQUE
RADIOS
Inventors and inventions
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MANY MEN HAVE CONTRIBUTED DI­

rectly to the advancement of ra­
dio. Some , like Edison and
Marconi, are well-known.ieven.by
the general public; others, like
Tesla and de Forest , are known
mostly in the the technical com­
munity. Still others are almost to­
tally unknown, yet they left their
indelible marks on radio. Amos E.
Dolbear is one such person.

Antique of the month
Professor Dolbear (1837-1916)

was born in Norwich, CT; he was
involved in many fields of physics,
and he wrote books on many of
them . In the year 1882 Professor
Dolbear demonstrated a wireless
telephone system in London. A re­
production of his system is shown
in Fig. 1; the transmitter is shown
in Fig. 1-a, the receiver in Fig. 1-b .

In the transmitter, a battery is
connected in series with a carbon

Coil

b

FIG.1

mouthpiece and the primary
winding of a coil. The secondary of
the coil is connected to an antenna
and to ground . In operation, the

diaphragm of the mouthpiece vi­
brates when you speak into it, and
that causes changes in the resis-

- tance of.the carbon.iwhich there­
by varies the cu rrent flowing
through the coil. That current vari­
ation is passed on the transmitting
antenna and then is picked up by
the receiving antenna, which is
connected to one side of the re­
ceiver. The other side of the re­
ceiver is grounded.

It's interesting to note that Pro­
fessor Dolbear tried several
schemes to increase transmission
range. For example, he attached
the antenna wires to kites , and
also tried various schemes using
pre-charged condensers (capaci­
tors) raised to great heights.

Marconi
In the late 1800's a young man

from Bologna, Italy was already at
work in a little shack on the South­
west tip of England (in Cornwall).
Guglielmo Marchese Marconi
(1874--1937) was working on short­
distance propagation.

In one early experiment , a
group of experimenters including
Marconi worked with a coherer
tube (which we 'll discuss momen­
tarily). It was hoped that transmit­
ters in Poldhu and Gibralter would
excite the coherer. When trans­
mission began, 10 and behold­
the coherer responded. After
some adjustment, it responded
strongly. It was Gibralter calling,
and Marconi answered personally.

Of course, that was not the end
of Marconi 's career. Another emo­
tional event happened on De­
cember 11 , 1901, at Signal Hill ,
Newfoundland . A tall antenna
stood atop the castle at Cabot tow-

er there; Marconi used that anten­
na to receive the fi rst trans-Atlantic
wireless telegraph message from
Cornwall, England. By 1907 Mar­
coni had established the trans-At­
lantic wireless telegraph service
for public use between the United
States and the United Kingdom.

Marconi continued experiment­
ing with wireless right into the
1930's. He received many awards
and much recognition for his
work, including a shared Nobel
prize for physics in 1909.

He was successful because,
among other things, he started at
an early age and had adequate
funding. His well-equipped yacht,
Elettra (a former British mine
sweeper), gave him a place to con­
duct many experiments . Part of
the E1ettra is preserved at an Italian
museum near where Marconi
lived. After he died in 1937, the
yacht was sold and made some his­
tory of its own. Long before that,
however, while anchored off
Civitavecchia, Italy, the yacht was
almost lost to a fire . Fortunately,
the fire was in the engine room
and not in the radio lab.

Marconi's floating lab had been
the setting for many historic radio
experiments, including early
shortwave conversations from the
Mediterranean to America and
Australia. The yacht also figured in
experimental wireless "beam"
transmission, a system that con­
centrates radiated electricity in the
form of a strong directional beam.

The coherer
In Marconi's wireless, the re­

ceived electrical waves pass
through a glass vial containing
metal filings. The filings cling (or
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De Forest
Another Ameri can inventor, Lee

de Forest (1873-1961), was born in
Council Bluffs , Iowa. De Fore st
was educated at Yale University,
and fought in the Spanish-Amer­
ican war. Like Edison, he was an­
other tireless inventor. He ob­
tained more than 300 patents, th e
most famou s of which is th e au­
dion, the first amplifying vacuum
tube. In early experiments, de For­
est used a gas flame to heat the
tube so th at electrons would be
emitted. He was also fi rstto broad­
cast phonograph records over th e
wirel ess in 1907.

In 1906 de Forest di scovered that
an element placed between the
cathode and the plate of a tube
could be used to cont ro l elect ron
flow. The grid (so-called becau se it
resembled a stove grid) was th e
link between t he crude communi­
cati on s that preceded it and ou r
modern syste ms. Early so lid grids
t rapped all of the electrons go ing
to the plate; de Forest's idea was to
use a fin e w i re m esh. On D e­
cember 30, 1915, a pr actical t riode
was demonstrated. A govern me nt
radio statio n in Arli ngto n, Virginia
sent tel ephone messages via th e
airwaves to Hawaii and France. R-E

Foil to Stereo by Oliver Read and
Walt er W el ch , publi sh ed b y
Howard W. Sam s, documents
many interes ti ng facets of the hi s­
tory of the phonograph.

cohere) to the inner plugs in the
vial, thereby creating a path
through which current can flow. A
representation of the coherer ap­
pears in Fig. 2.

Marconi did not invent the co­
herer; a man named Branley did.
Branley found that certain co m­
binations of metallic flakes were
affected by radio waves. Experi­
ments showed that different com­
binations of flakes produce dif­
fe rent resistances. After the wave
passes, the coherer particles must
be separated by jarring the tube.

seemed to be no end to his discov­
eries. Many of us in radio connect
Edison with the "Edison effect, "
which was discovered in 1883 in
conjunction with his work on the
incandescent lamp.

The Edison effect describes
what happens inside a charged
glass bulb. Edison noted that car­
bon particles moved toward the
positive end; later it was under­
stood that electron s were being
emitted by the heated filament.

One of the ironies of history is
that when Edison discovered his
eff ect, there was no thought that it
might make something useful­
such as a diode, which Fleming did
not invent until some twenty years
had passed. According to some
authorities, Edison himself sent in­
formation about the effect to vari ­
ous experim enters who mi ght
wan t to work with it. That explains
why working on the Edison effect
was so popular.

Besid es Edison 's obviou s ac­
complishments (includ in g the in­
candescent light bulb and multi­
plex telegraphy), on e pet project
consumed much of hi s time : th e
phonograph. The book From Tin

FIG. 2

Tesla
Like Edlson , many early inven­

tors worked wi th electr ic ity, but
were not involved with wireless.
Yug os lavian-bo rn expe rimente r
Nikola Tesla (1856-1943) was on e
such inventor. Tesla emi grated to
the U. S. at the age of 28, after
being educated in Pari s and
Prague , and working in Hungary.

Edison Tesla went to work for Edison in
Thomas Alva Edison (1847-1931) Edison's New Jersey laboratory;

was a tireless and versatile inven- later Tesla opened his own lab. He
tor. He was born in Milan, Ohio, is credited with many elect rical in-

- and-sp ent his - childhood-years- venti on s,-especi ally-those related -
playing with a chemistry set. There to AC power di stribution. His most

fam ou s invention , probably, is the
Tesla Coil , an air-core tran sformer
used to create very hi gh voltages .
But Tesla was also one of the first to
recognize how important the
tuned circuit is for long-distance
radio transmission .
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Gate breakdown voltage (VG SS ) ' for ex­
ample, is not a measurable quantity. The
breakdown voltage of a MOSFET gate is
determined by the thickness and the purity
of the insulating layer. The thicker the
layer, the more voltage it can withstand.

To properly measure a MOSFET's
VGSS ' you must apply a gradually in­
creasing gate voltage until the insulator
fails. Unfortunately, when it does, the
transistor becomes useless. -

Manufacturers "measure" VG SS by
measuring the thickness of the insulating
layer with sophisticated equipment, and
then comparing the results to emp irically
derived failure curves. Tests of that type,
however, are beyond the means of the ex­
perimenter.

Many MOSFETs, though , contain a
diode in the gate junction that is intended
to dissipate high-voltage spikes caused by
sta tic di scharge . Tho se spikes co uld
damage the transistor easi ly. The break­
down voltage of the protectio n diode is
just below that of the gate.

So, if you are testing a protected-input
MOSFET, you can measure VGSS without
damaging the transistor by simply apply­
ing enough voltage across the gate to force
the diode into avalanche. Be sure to limit
the current flow with a constant-current
source so as not to destroy the protection
diode. Now measure the voltage across
the diode ; it is close to the actual VGSS'

FIG. 7-MEASURE IGss OF A MOSFET onl y if it
has protectiv e input diodes!

Leakage current
Each breakdown -voltage parameter has

a related leakage-current parameter. For
example, IG SS (Gate -to-Source leakage
current with drain and source Shorted) is
the term for input leakage of a FET; it is
related to VGSS '

Gate leakage is a very importa nt
characteri stic of an FET because it is in­
versely related to input resistance . When
leakage current is high, input resistance is
low, and when input current is low, input
resistance is high .

In many cases, you can measure leak­
age current with equipmen t similar to that
used with bipolar transistors . A test cir­
cuit for measuring 'GSS ' for instance, is
shown in Fig. 7 . ' GSS is normally mea­
sured at the Vos s potential listed on the
data sheet.

Whe n meas uri ng the IG SS of a
MOSFET, the measurement should be

COl/til/lied 0 1/ page 92

SUBSTRATE

MOSFET testing
Althoug ht they are similar in many

ways, a MOSFET cannot be treated like a
JFET. In addition , not all tests performed
on th e JFET are app licable to th e
MOSFET.

N

The MOSFET
Developed after the FET, the MOSFET

operates somewhat differently. Figure 6
shows the construc tion of an N-chan nel
MOSFET. Fabricat ion begins with a slab
of high-resistance P-type substrate . Two
separate low-resistance N-type regions ,
called wells, are diffused into the sub­
strate . Those islands represen t the source
and the drain . Next, a thin, high-resis­
tance N-type region is created between the
two wells.

Then a very thin layer of insulating met­
al oxide is deposited over the N channel
separating the source and drain. On top of
that layer is placed a metal contact, which
becomes the gate of the transistor. Con­
nections are then made to the drain and
the source .

In operation, current flows between the
source and the drain through the N chan­
nel. By applying a voltage to the gate,
however, an electric field is created; it
forces electrons to travel through the nar­
row part of the channel. As with the JFET,
the field decreases the cross-sect ional area
of the path and increases its apparent re­
sistance . That resistance decreases cur­
rent flow in a manner that is proportio nal
to the gate voltage . As gate voltage in­
creases, eventually the electric field pre­
vents the flow of electons altogether.

That descript ion applies to the deple­
tion-mode MOSFET. However, if we re­
place the N channel with a high-resistance
P-type semiconductor, we have an enhan­
cement-mode MO SFET. The enhance­
ment MOSFET requires an electric field
in its channel before it can conduct cur­
rent. The stronger the enhancement field,
the larger the path's cross-sectional area ,
and the lower its effective resistance.

METAL
OXIDE SOU RCE

FIG. 6-MOSFET CONST=R·:U·~C""T" :I·O:'N·: Is shown
here. The oxide layer is usually sili con diox ide.
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Applications
PVDF applications under investigatio n

or showing potent ial include:
• a disposable blood-pressure cuff
• tone generators
• acoustica l pickups for musical instru­
ments
• engine noise/vibration sensors
• intru sion-detection systems
• signature-verification systems
• fluid-flow monitors
• and many, many others
Other applica tions are sure to be de­
veloped because PVDF film's use is lim­
ited only by human imagination. R-E

continued f rom page 58

PIEZOELECTRIC FILM

It is also simple to make a speaker
using the film. Use a cardboard mailing
tube as a form. Wrap the tube in a layer of
lightweight foam. Then wrap the film
around the tube/foam. Secure the ends of
the film with ordinary cellophane tape . Be
sure not to overlap the ends of the film or
you will short out your " speaker." Con­
nect the film to a signal source and listen .
What you will hear is the higher audio
frequencies of the signal.

The film will also respond, of course,
to direct mechanical pressure . That means
that the film can be used for applications
ranging from a simple touch plate to im­
pact monitors to tacti le sensors for robots
(R-E Robot builders take note !). PVDF
can withstand impacts- of up-t o several ­
hundr ed G ' s without lo sin g it s
piezoelectric charac teristics .

The circuit in Fig . 3 shows how the film
could be used in a touch-plate circuit.
Tappin g the film will cause the LED to
light. For best results, mount the film in
such a way that there is sufficient clear­
ance for the film to flex. Perhaps the best
approach would be to mount the film on a
pair of !!.I-inch plastic spacers using ordi­
nary contact cement.

As men ti oned , in addi tio n to its
piezoelectric propert ies , PVDF is also
pyroelectric . Ifthe temperature of the film
is raised , a voltage is produced . As the
film coo ls, voltage reduces linearly. Note
that at temperatures greater than 50°C, the
pyroelectric activi ty is perm anently re­
duced . At temperatures greater th an
120°C, the film's piezoelectric propert ies
are permanently impaired .

To demonstrate the film's pyroelectric
properties, connect the film directly to the
input of a high-impedance voltmeter or
osci llosco pe . Breathe on the film, and
watch the response. For a more dramatic
response , try shinning a desk lamp on the
film, or waving a lit cigarette in front of
the film. PVDF is so sensitive that it can
be used to detect the body heat of a person
from as far as 50 feet away.
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ASK R..E

New Precision Duster
Ultra-Filtered To < 0.2 Microns

III Chemtronics
681 Old Willets Path
Haupauge. NY11788
800 -645 -5244
In NY 516-582 -332 2

CIRCLE 54 ON FREE INFORMATION CARD
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Power
,Supplies

Multimeters

Checkpoint
Testers

Dig.ital
Oscilloscopes

Scope
Testers

Analog
Oscilloscopes

Signal
Generators

Counter
Timers

CIRCLE 62 ON FREE INFORMATION CARD

RE-BBS
516-293-2283

We support 300and1200
baudoperation .

The moreyouuse it the
moreuselul it becomes .

Communicatewith otherR-E
readers.

Add yourself to our user liles
to increase youraccess.

Leave your comments onR-E
with the SYSOP.

Parameters: 8N1(8 data
bits, no parity, 1 stop bit) or
7E1 (7 data bits, even parity,
1 stop bit).

Try the.......-

Elecl ics.
bulletin board

system

(RE-BBS)
516-293-2283

ULTRAJET . . . a new generation high-purity duster with
powerful jet act ion . A compact, portable tool for safe,
non -abrasive cleaning of sens itive video heads and
tape transport mechanisms, perfect for free ing oxide
build-up and dust. Also useful for general purpose
cleaning of all electronic equipment, optics, camera
lenses and photograph ic film. Ultrajet system comes
complete with surgical-grade chrome trigger valve , 12
oz. refill can and 36-inch extensio n hose. Refills avail­
able in 12 oz. and economical 20 oz. sizes. Send for
more informat ion today.

co n tinued fro m page 14

BOOSTER FOR SCANNER
I have two scanners and an all­

band sca nner an tenna mounted
about 75 feet above ground. I
monitor local fire-department trans­
missions on 153.83 and 154.43 MHz.
I have trouble receiving the trans­
missions from mobile units. Do you
know of an appropriate booster?-P.
K., Detroit, MI.

An ine xpen sive TV boo st er
should work nicely. We recom­
mend an inexpen siv e on e, b e­
cause some deluxe models have
built-in traps and f i lters to el imi­
nate all signal s except those at TV
frequencies . l _hcIy.e_a_bottom-~

the-line mast-mounted TV booster
that works f ine with my scanner.
Don't expect 100% reception all
the t ime; there will be times wh en
a mobile unit may be in a dead
spot. A booster that delivers 10 dB
of gain and covers TV channels 2
through 13, FM, and mid- and
supe rband cable channels is avail­
able for about $10. R-E



FIG. 13-CRT AND CHART·RECORDER outputs of the test assembly shown in Fig . 12 are illustrated
here. Only the 150-foot section was measured; 1502outputs are shown at a and b, and 1503outputs at c
and d.
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continued from page 88

done in both the forward and the reverse
directions, unless a protection diode is
incorporated into the device. MOSFET's
that have no protection diode should read
the same in both direc tions. Because the
insulating properties of the metal-oxide
coating are far superior to those of a re­
verse-biased junction , the value of loss in
a MOSFET is considerably less than that
of an FET.

Another current parameter often spec­
ified for FET's and MOSFET's is lo ss,
the drain-to-source leakage current with
the gate shorted to the source . That test is
often used to determine the amount of
current flow in the constant-current mode.
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FIG. 14-AFTER CONNECTING THE 100D-FOOT TEST SECTION, outputs were again recorded. As
before, 1502 outputs are shown at a and b, and 1503 outputs at c and d.
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useful for measuring the signature of an
antenna and its com ponents. That type of
compariso n provides a quick yet accurate
go/no-go indication.

Figure 10 shows an Lband aircraft an­
tenna , and Fig. 11 shows its signature . The
sig nat ure will vary depending on the
length of the cable used , so the same
length of cable should be used when test­
ing a group of antennas. Remember that
pulse riseti me decreases on a long cable as
a function of the length squared. Gener­
ally, it is best to use as short a cable as
possib le when using a TOR to test an
antenna. Ifthe antenna is to be tested with
a cable in excess of 100 feet, or if the
antenna resides in a strong RF environ­
ment, then a high-noise -immunity TOR
(like the 1503) would be a good choice .
Use of an isolatio n network will improve
noise immunity further.

TOR coax signatures
Figure 12 shows a cable assembly com­

posed of a 150-foot section of 50-ohm
RG58C1U cable connected to a 1000-foot
section of75-ohm Belden 8281. An abra­
sion is present at point A, a 50n5-ohm
interface at point B, and a connector at
point C. The assem bly ends at point 0; it
is not terminated .

First we disconnected the 150-foot sec­
tion of RG58C/U and measured it with a
1502 and a 1503.

Figure 13-a shows a reproduction of the
1502's CRT, and Fig. l3-b shows the
chart-recorder outpu t. Note that the CRT
trace shows little more than the general
upward slope recorded by the chart re­
corder, which itself clearly displays both
the abrasion at point A and the open cir­
cuit at point B. Figures 13-c and 13-d show
the same setup as recorded by the 1503 .
Note that the chart recorder in effect gives
a much-expanded view of the X axis, for
better resolution.

Next, we reconnected point B (in Fig.
12) and readjusted both TOR 's to view the
signature at point O. Note how the curves
shown in each section of Fig. 14 resemble
each other close ly in their depic tion of the
disco ntinuity at point O.

Conclusion
Time-domain reflectometry is a valu­

able technique , one that can significantly
decrease the amount of time spent trou­
bleshoot ing vario us types of fau lts in
coax , twisted-pair, and other cables. We
hope that this article has given you an
understandin g of the basic principles in­
volved. R-E

FIG. 8-MEASURE loss by applying the man­
ufacturer's stated value of Voss and reading the
mill i-ammeter.

FIG. 9-MEASURE Vp by gradually increasing
the gate voltage while monitoring 10 , When cur­
rent stops increasing, Vp has been reached .

The circuit for measuring loss is shown
in Fig. 8. The drain voltage is maintained
at the Voss value listed on the data sheet;
then current is measured.

A circuit that combines both voltage
and current measurements is shown in
Fig. 9; that circuit is used to measure VP'

With no voltage on the gate, a norm al
depletion-mode transis tor conducts cur­
rent from source to drain. In order to halt
that flow, a voltage must be applied to the
gate. As stated earlier, the point at which
source-to-drain current ceases to flow is
called the pinchoff voltage. Sometimes
you see that value listed as the cut-off
voltage, which is a lingering tenn from
our vacuum-tube past.

To measure Vpo gate voltage is gradu­
ally increased whi le dra in current is
monitored . When a change in gate voltage
no longer produces a change in drain cur­
rent , pinchoff voltage has been achieved.
Ideally, current will drop to zero, but

continued a ll page 124
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Welcome to the Editor's Workbench. In out lay, or less, you can get multi-function
caseyou haven't noti ced, Computer- expansion cards that provid e all the above,

Digest is changing.- How? -We're going-to - - p lus "prod uctivity sof twere,> p lus a mega-
be fol low ing the PC market much closer
than we have been. We're going to review
the latest hardw are and software. And
we're go ing to provide excit ing artic les on
both co nstruction and theory. We have a
b ias-IBMand CP/M systems-but if you're
interested in others, let us know. When w e
find significant interest in a product or top­
ic, we' ll get on the manufacturers and au­
thors for samples and articles. And don't
worry-we' re not abandoning C-64 's,
ZX-81s, etc. We'll publ ishquality articl eson
those co mputers, too.

This mo nth in our Hardware sect ion
we're go ing to look at several excellent ex­
pansion boards for the IBM-PC. In the Soft­
ware section, we 'll examine the PC-SIG
library on CD-ROM (which co ntains the
eq uivalent of more than 600 floppy d isksl ).
And be sure to take a look at the Etc. sec­
tion- Zenith has an interesting new com­
puter. A nd there's a Hayes-compatible
modem that runs on a nine-volt battery and
is smaller than a pack of playing cards.

HARD·
WARE

MEMORY-EXPANSION AND MORE
FROM ORCHID, APPARAT, AND

VERICOMP

It wasn't long ago-perhaps two years­
thata "fully-loaded" expansion board (with
a serial port, a parallel port, agame adapter,
a battery-powered c lock/calendar, and as
much as 384K of RAM) cost half a kilobuck,
or more. These days, for the same cash

byte or two of RAM.
More than a megabyte? Howcan an 8088

access that much memory? Besides, MS­
DOS(and IBM's PC-DOS) can't access more
than 640K of RAM--<::an it?

It can, and does. About a year and a half
ago, Lotus Corporation (of sp readsheet
fame) got together w ith Intel (of micro­
processor and memory fame) and Micro­
sof t (of operating- system and program­
ming-language fame) and settl ed on an
" interim" solution to the never-enough­
memory problem suffered by all computer
users. The big three came up w ith a hard­
ware/software scheme for bank-switching
up to eight megabytes of memory into a
single, otherwise-unused 64K b lock of the
8088's address space . That ty pe of ex­
panded memory isvariously called LIM (for
Lotus, Intel, and Microsoft ) or EMS (for Ex­
panded Memory Specification ). Whatever
you call it, it can be tremendou sly useful­
and not just for users of large spreadsheets.
We'll di scuss the technica lities of how it
w orks in a future issue; for now, let's show
how it can be put to use.

What's it good for? The same things that
normal memory is useful for. You can, of
course,use it w ith Lotus123 to create larger
spreadsheets. You can also use it to create
RAM disks and printer buffers. The advan­
tage of the RAM di sk is that oft-u sed soft ­
w are can be downloaded from relatively
slow disks (hard or soft) into EMS memory
w here it's available for instant use. And a
printer buffer can store huge amounts of
printer output in RAMand feed it the printer
at its relatively slow rate. A mod est printer
buffer (64K) and a RAM di sk can save you
much time and aggravation.

In add ition, more and more programs are
able to take advantage of EMS memory for
dataand program storage, thereby allowing
you more DOS memory (unde r 640K) for
memory-resident programs and the like. In
the memory-resident mode, for examp le,
the Ready! outline processor leaves only a

D:
-- ::;~~ ---- .- . -~

small program kernel in DOSmemory,and it
swaps the main program code and your
data in and out of EMSmemory asreq uired.
AutoCAD 2.5 uses EMSmemory for storage
of drawing vectors, thereby allowing much
faster screen re-draw s and the like. Again,
the time you save can be enormous.

Bynow you're convinced (or should be)
of the value of EMS memory,but you might
be w ondering w hether you can get a chunk
of it w ithout mortgaging your grandmother.
The answer isyes-definitely! you can now
get a fully expanded multifuncti on board
for what a partially expand ed board cost
just a few years ago--{x even less. If you
need only memory and no ports, etc.,
you're in luck, too .

Orchid's Conquest
Orchid Technol ogy (47790 West ­

inghouse Drive, Fremont, CA 94539) has a
high-quality line of turbo board s, enhanced
di splay ad apters, and mu ltifunction
boards .(See, for examp le, our review of the
PCturbo 286e in the February issue.) Their
Conquest multifunction board is a high­
quality examp le of the type of product
now available.

The Conquest includes a serial port, a
para llel port, and a clock/ca lendar. No
game adapter is included. In addition, the
board can hold one megabyte of memory
(or two megabyt es, using an optional
daughterboard). The memory can be used
as DOS RAM, EMS RAM, or both. An addi ­
tional daughterboard is available for inter­
facing to Orchid 'sPCnet local-area-network
system.

The board itself is full- length, and it oc­
cupi es a single slot. The serial-port co n­
nector is attached to the mounting bracket;
the parallel-port connector must be in­
stalled in a separate rear-panel slot, if it is
used .

In addition, Conquest includes software
for print spooling, RAM disk, d isk caching,
and a speclel memory-resident time/date
di splay,w ith alarm. Diskcaching is a spec ial
softwaretechnique for speeding up opera­
tion of hard- and floppy-d isk drives.
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Installing some Orch id boards is not a
p leasant task, mainly because Orch id uses
automated intallation programs that modi fy
your AUTOEXEC.BAT and CONFIG.SYS files
in ways that may be incompatibl e with
other software.And the manual mayor may
not spell out what the installation program
does . However, by reading the manual
carefully,you may be able to get an Orchid
board running by doing the installation by
hand . But if you're not intimately familiar
w ith IBM sytem files, interrup ts, and the like,
you're likely to have trouble doing it that
way

Installing the Conquest issomewhat easi­
er than installing other Orchid boards . To
install it, you run a program that shows how
to set the on-boa rd ju mpers. The jumpers
show the Conq uest w hether some RNA is
to be used for DOS or all for EMS, the 64K
bank through which the EMS memory may
be accessed, whether the ports and cloc k
are enabled, and, if so, through which DOS
communications channels ( CO M1 or
COM2, LPT1 or LPT2), whether the ports may
use interrupts, and, if so, wh ich. DOS RAM
can only be fi lled from the 256K po int.

A fte r running the first set-up p rogram,
you install the board in your PC, and then
run a second installation program. It allows
you to allocate EMS memory for the RNA
disk, the print spooler, etc. Orch id 's memo­
ry-allocation scheme is a b it unusual in that
the pri nt spooler, if used, must go in DOS
memory; the RNA disk and d isk cache can
go in either DOS or EMS memory After
running the program, your AUTOEXEC.BAT
and CONFIG.5YS files have been modified .
You can re-run the program at any time, but
you must use the old versions of those sys­
tem files (which have been renamed w ith
the extension ,OLD),

The manual and installat ion proced ure
give you few hintsabout how much memo­
ry to allocate to w hich functions. If you're
unsure, you can experiment without hurting
anything.A knowledgeable friend or some­
one from a local computer club may be
able to help, as may your dealer. But don't
look to Orchid for support-it's hard to get
through to their technical-support depart­
ment, and they don't return teleph one calls.

When you do sett le on the right config­
uration, yo u' ll understand w hat the EMS
fuss is about. The Conq uest currently lists
for $395 w ith no RNA, $445 w ith 256K,
$625 with one megabyte, and $865 with
two megabytes; at press time it co uld be
found discounted for about $220, w ithout
RNA. Add ing a megabyte costs an add i­
tional $100. For even more memory (up to
the eight-megabyte EMS maximum), mult i­
ple Conquest's can be installed in one sys­
tem.

The Apparat Limbo /I
Apparat, Inc. (6801 South Dayton, En­

glewood, CO 80112) sells a pair of boards
for expandi ng the IBM-PC. One, the Limbo,
contains only aclock/calendar and asmuch

astwo megabytesof memory; the ot her, the
Limbo II, co ntains as much as 1.25 mega­
bytes of memory, the clock/ca lendar, serial
and parallel ports, and a game adapter. We
evaluated the Limbo II.

The Limbo II is somewhat more versatile
than the Conquest because its on-board
memory can be used to fill DOS memory
from a number of base locations(64K,128K,
256K, 320K, 384K, 512K,and 576K).

A separate DIPsw itch allows you to en­
able and d isab le the clock, po rts, and game
adapter. Other j umpe rs and DIP switches
allow you to set the RNA window, the I/O
ports used by the card, and the serial and
parallel port des ignations (COM1, COM2,
and LPn-LPn ). The boa rd has connectors
on the mount ing b racket for the serial and
game ports; the parallel-port connec to r
must be attached through a separate cable
to a vacant portion of the rear panel. You
can co nnect an optio nal reset switch to a
two-pin header block; especially useful to
prog rammers, the switch works in conjunc­
tion w ith an optional RNA-resident pro ­
gram to provide a non-power-down reset
for the time w hen a program goes astray

Apparat's manual is not as we ll p ro­
duced as Orchid 's, but it is much easier to
foll ow. Sw itch settings are shown clearly,
the necessary changes to the system files
are outlined clearly,and possible problems
are anticipated. An appendix gives exam­
p lesof using each of the supplied prog rams
(the system drivers, several RNA-d isk pro­
grams, several p rint spoo lers, and several
others.) No d isk-cache program issupplied.

The b oard and sup plied software
worked w ith no hitches. With 256K of RAM
the Limbo II lists for $299; with 1.25 mega­
bytes of RNA, it lists for $499. The Limbo
lists for $199 with 64K, or $549 with two
megabyte s of RNA.

Vericomp's Breakthru/PC
The Breakthru/PC from Vericomp (8825

Aero Drive, Suite 210, SanDiego, CA 92123)
is a full -length memory-only board; its RNA
may be used only for EMS, not DOS,memo­
ry. How ever, it packs a wa llo p ing two
megabytes on a card that costs just $398
w ith two megabytes of RNA, or $150 with
no RNA. It co mes w ith RNA-d isk, print­
spooler, and disk-cache software, aswel l as
a memory-test program. Its manual issparse
but clear.

Conclusions
Whether you're new to the world of the

IBM-PC or an old hat, there's an economical
way to expand your PC. A memory-on ly
boa rd like the Breakthru/PC, or even the
Limbo, w ith its clock/calendar, may be the
best solution if you already have a fully
loaded PC. But if you 're starting from
scratch, or need extra ports, both the
Conq uest and the Limbo II are good buys.
The Conquest has slightly better software,
but the Limbo II is more versatiIe in itsability
to fill DOS memory

10,000 PUBLIC-DOMAIN AND USER­
SUPPORTED PROGRAMS ON DISK.

For several years a company called PC­
SIG (1030D East Duane Avenue, Sunnyvale,
CA 94086) has been marketing pub lic-do­
main and user-supported software for the
IBM-PC. As of this writing, their carefully
selected lib rary consists of more than 600
double-sided double -density d iskettes­
and more are being added all the time .

Each disk sells for $6; printed directories
and a month ly newsletter arealso availab le.
Almost every conceivable type of program
is inc luded-everything from word pro­
cessors and database managers to games
to tutor ials on various programming lan­
guages (BASIC, C, Pascal) to DOS tools to
databases on structual-steel and magazine
articles---and much more.

We thought it was time we took a look at
the . PC-SIG library, but that presented us
with a problem. Normally we like to exam­
ine a single p rogram, take it through its
paces, find out its strong points, its weak­
nesses, its lovable q uirks, and, if necesary,
its not -so-Iovable q uirks. That procedure
servesus most of the time-but not always.
The usual program comes on a single flop­
py disk, or, at most, two or three. But w hat
cou ld we do when the softwa re comes on
more than 600 d iskettes?

PC-SIG has had the intelligence to make
their lib rary availab le on CD-ROM.That 550­
megabyte hunk of p lastic made it possib le
for us to examine the PC-SIG lib rary and
extract many program and data files, some
of which we've posted on the RE-BBS. (See
the inside cover of Comp uter Digest for
information on the RE-BBS.)

To acc ess the di sk, of course,you need a
CD-ROM p layer. (Hitachi, Sony and Philips
drives are supported .) In add ition, you
need an IBM-PC or compatible running PC­
DOS (or MS-DOS) 3.1 or higher. After fol ­
lowi ng the installation procedure, the CD­
ROM appears as the next availab le logical
d rive. On our test PC-Xl; that was drive D.

The new logical d rive has several sub ­
d irectories, as shown in Fig. 1. The DOD
(d irectory on d isk) subdirectory contai ns
search-and-retrieval information; the INFO
subdirectory contains information about
PC-SIG; and the BIBLE subdirectory conta ins
the entire contents of the Bible. The other
subdirector ies each lead to separate sub­
d irectories for each PC-SIG d iskette . So, for
examp le, the path to d isk 432 would be:



\401-500\DI5K432. Note in the photo that,
even w ith all the above stored on the CD­
ROM, there are stiIImore than 43 megabytes
of space remaining!

Scanning through 600 di skettes might
seem to be a tedious job, espec ially w hen
you consider that each diskette containsten
or twenty files, and often more. How ever,
each "disk" contains a d irectory file (in AS­
CII), and the DOD subdirectory (shown in
Fig. 2) contains a number of master catalog
files (* .UPP) that can be searched w ith the
MS-DOS FIND.COM program, or w ith sever­
al programs suppl ied by PC-SIG.

So locating programs of interest is not
quite the chore it seems at first. How ever,
the PC-SIG libra ry is not completely in­
dexed (as is another recent CD-ROM re­
lease, Gro liers' Electronic Encycloped ia, a
review of which will appear in these pages
soon), so a fair amount of manual drudge­
work may be necessary if you want some­
thing specific, or if you want to make a
thorough search.

Some people are skeptica l about the
quality of pub lic -domain software; they
wonder whether it is really asgood ascom­
mercial software, and they may wonder
w hether it contains a "Trojan horse," a pur­
posely destructive program.

To begin w ith the latter, PC-SIG checks all
programsto make sure that no Trojan horses
are d istributed.

As for program qua lity, it varies enor­
mously, but there is no doubt that the best
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Home takesyou to the beg inning of the line,
and End takes you to the end; last, CNTL­
End erases from the current posit ion to the
end of the line.

CED also keeps a stack of recently-per­
formed DOS commands. Use the Up and
Down arrow keys to move through the
stack.When you find one you want, edit it in
the usual fashion, and press Return when
you're ready to execute it.

You may use CED to edi t lines(and scroll
through recently issued com mands) any­
time DOS is requesting input via function
0Ah. Other than the DOS command-line
input routine, DEBUG and EDliN also use
0Ah input.

You can also use CED to set up pseudo­
DOS command s, or w hat CED calls a syn­
onym. A synonym can be a single com­
mand (such as cd \Ietters\1987\march )
callab le by a short mnemonic ("M" for ex­
ample).

A synonym can also be composed of
several commands; CED thereby functio ns
as a simp le, but fast, batch processor. The
advantage to using CED's batch synonym
facility is that even short DOS batch files
take up a great deal of space-4K on a
standard PC-Xl With CEDyou can set up a
single configuration file that contains your
most-used DOScommand stringsarranged
as CED synonyms and callable by a single
letter, if desired. Lett ing CED do the work
saves d isk space and reduces clutte r. And,
because the d isk is not accessed, synonym
batch files run fast.

You can set the size of the com mand­
stack buffer,the synonym buffer, and others.
In add ition, pressing CNTL-T (at the DOS
prompt) w ill di splay buffer usage, defined
synonyms, etc.

CED has a number of other advanced
features, including the abil ity to add your
ow n "internal" DOS commands, and co m­
p lete documentation. It is available from
PC-SIG on di sk 535; we've posted a copy
on the RE-BBS (download CED.ARC). The
author of CED, Chris Dunford , has released
the program into the public domain.

Conclusions
We started out talking about a CD-ROM

that contains thousands of programs, and
ended up focusing on severalspecific pro ­
grams. Why? To show you that quality soft­
ware really can be had for a reasonable
price .

There are several methods of obtaining
that software. Electronic bulletin boards
across the country (incl uding ours) carry
those programs-you just have to find a
BBS that has what yo u want, and then
download it. For a large program, down­
loading can take some time, so the $6 PC­
SIG charges per d isk may be less than your
connect-t ime charges, especially if you're
calling long d istance.

The PC-SIG CD-ROM w ould be a good
investment for a med ium-to-Iarge-sized
computer club. The hardw are cost could

Command-line editor
Our other favorite prog ram from the PC­

SIG library is called CED, short for Com­
mand-line Editor. (We've also posted a
copy of it on RE-BBS.) CED is a memory­
resident program that, as its name suggests,
allows you to ed it co mmands at the DOS
co mmand line.To do so,you use keysin the
cursor pad ; the funct ion keys no longer
w ork.The left and right cursor keysmove by
character; CNTL-Left moves left by the
word; CNTL-Right moves right by the w ord;

FIG. 3

In addition, PC-OUTliNE is fast-really
fast-even on a standard 4.77-MHz PC
clone. Its high speed proves that w ith prop­
er programming techniques, a "lowly" 8088
really has enough pow er for w ord process­
ing and similar applications-if the pro­
grammer know swh at he (or she) is doing. If
you've ever seen a program like Microsoft
Word or Webster's New World Word Pro­
cessor chugging along on a standard PC,
you'll appreciate PC-OUTliNE 's speed.

PC-OUTliNE is "user-supported," so the
author expectsyou to send $50 if you use it.
At $50, the program rivalsor exceeds all the
major commercially availab le outline pro­
cessors. If you'd like to give PC-OUTliNE a
try, order d isk 480 from PC-SIG, or down­
load PCo.A RC from the RE-BBS.

programs in the PC-SIG library are as good
as or even better than thei r commercial
co unterparts. It'shard to provide examples
because, w ith a library of perhaps 10,000
programs, choosing examples is hard .
How ever, we w ill mention two prog rams,
both of which we use every day, that have
become part of our MS-DOS toolkit.

Outline processor
The first is called PC-OUTliNE. (See Fig.

3.) As the name suggests, it is an outline
program. It features drop-d own menus, a
bu ilt-in keyboard macro processor, the
ab ility to open nine d ifferent fi les at once,
each in a w indow w hose size and location
can be set by the user, extensivedocument­
formatt ing commands, the abi lity to remain
RAM-resident, and in that mode to import
and export text di rect ly to aw ord-process­
ing (or other) program. It can also print files,

--or save-them-inASGII, Word Star, and -"'Struc- ­
tured " files. The latter is used to exchange
files w ith other outline processors. Tutorial
and other information is also included w ith
the package.

9- 11-8~ 2:28,
9-11-86 2:28,
9-14-86 2:28,
9-14-86 2:28,
9-14-~6 2:28,
9-11-86 2:28,
'}-H -86 2:28,
9-14-86 2:28,
9-14-86 2:28,
'}- 14-86 2:28,

131'15288 l., t.. free

FIG. 2
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( OIR)

18 r lle ( o )

DOD
I lIrO
1- 188
181- 288
281-388
381- 488
181-588
581-~88

~81-188

BIBLE

(0 1R> 9- 14-86 2: 28p
(OIR) 9-1 4-86 2:28p

README 2838 2- 89-86 18:88p
1-188 UPP 123662 1-27-86 4: 12p
181-'288 UPP 117856 1- 27- 86 4: 19p
DFIHD BAT 85 2- 89-86 18:88p
IHO£)( TXT 38338 8-86 -86 , : 34.
Q8A TXT 5114 5-85-86 1:59p
PC-SI G TXT 588 5- 85-86 1:59p
ORDER TXT 4819 9- 13-86 3:23p
URESP TXT 195 2- 89-86 18:89p
SU8l11T TXT 1758 2-89-86 18:8'},
GO BAT 28 2- 89-86 18:89,
MORE con 384 2- 89-86 18:8'},
201-388 UPP 134596 1- 27- 86 4:26,
301- 488 UPP 192888 1- 27- 86 4:37p
£081 -788 UPP 4871 1- 27- 86 1 :55p
181 -588 UPP 116158 1- 27- 86 4:46p
501 -£'88 UPP 159388 1- 27- 86 4 :54,
Fl L£LIST TXT 143996 9-1 3-8 6 3: 13,
r BAT 22 9- 13-8£' 3: 17,
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3.5-INCH DRIVEKIT isdesigned to convert
desktop PC's to the smaller, yet higher stor­
age-capacity format of 3.5-inch softwa re.

The new model ND354A disk drive and
kit are also designed f6r easy installation
into the IBM PC, XT, AT and compatib le
personal computers, 'includ ing the AT&T
mod el 6300, Compaq Deskp ro and
Portable. In add it ion, the dr ives are also
fully co mpatib le w ith the IBM Convertible,
Toshiba 's model moo, moo PLUS, and
T3100 laptops.

CIRCLE 21 ON FREE INFORMATION CARD

Both the 3.5-inch drive-end installation kit
for 5.25-inch form-factor d rive PC's w ill be
sold together at the suggested retail price
of $150.00.- Toshiba America Inc., Infor­
mation Systems Division, 2441 Michelle
Drive, Tustin, CA92680. tCD.

CIRCLE 21 ON FREE INFORMATION CARD

MODEM, the WorldUnk 1200, is battery­
pow ered and Hayes-compatibl e. Features
includ e:1200/300 bps operation, auto-dial,
auto-answer, pul se and tone dialing, LED
indicati on of call progress, carrier detect,
speed, and low battery.

speed random access, the mod els have a
capacity of more than 1500 floppy di sks,
and areespec ially useful for avariety of data
and information-storage operations.

The model CDR-2500s is p riced at
$1100.00, the model CDR- 15025, $1000.00,
and the mod elCDR-1502s, $1050.00.­
Hitachi Sales Corporation of America,
401 W Ar tesia Blvd ., Compton, CA90220.

The WorldUnk 1200 supports both Bell
102/212A and CCITT V21 and V22 stan­
dards, so it is useful internationally.Optional
acoustic cups allow full-duplex operation
at both 300 and 1200bps. Listp rice is $199.
Touchbase Systems, 16 Green Ac re Lane,
Northport, NY 11768.

CIRCLE 19 ON FREE INFORMATION 'CARD

LASER PRINTER, the Laserline 6, features
p lug-in personality modul es that enab le up
to three users to share a single printer. It also
includes 15 resident, typ eset-quality fonts
and provides face-down , co rrect-o rder
stacking of letter and legal paper.

CIRCLE 20 ON FREE INFORMATION CARD

Three different personality modul es are
available:The basic personality module is a
one-port HPLaser-Jet-compatible version;
the advanced module is a one-port HP
LaserJet Plus compatib le modul e, and the
multi-user modul e isa threeport HPLaserJet
Plus compatibl e module. .

The Laserline 6 is fully compatible w ith a
w ide selection of app lications software, in­
cluding Microsoft Word , Word star 2000,
and Lotus 1-2-3.

The Laserline 6 has a suggested retai l
p rice of $1995.00; the b asic personality
module has a list pric e of $200, the ad­
vanced modul e, $400, and the multi-user
module, $600.00.- Okidata, 532 Fel­
low ship Road, Mt. Laurel, NJ 08054.

CD-ROM DRIVE, the model CDR-2500s, is
a stand-alone version of Hitachi's built-in
model, w hich is eq uipped w ith cable and
interface board to conect to IBM PC's.

The modei CDR-2500 is designed to be
incorporated into a personal co mpute r,
w hile the earlier models, the CDR~1502s
and the CDR-2500s- bo th stand -alone
models-have their own pow er supplies
and can be co nnected asextemal compo­
nents.

A ll three unitsoffer 552 megabytes mem­
ory capacity, and aspeed of 200 to 535 rpm
(CLV) fo r single-sided d isks. With ~ igh -

the Z-386 model 40 (with 40 MB of storage)
costs $6499.00.- Zenith Electronics Cor­
poration, 1000 Milw aukee Avenue, Glen­
vievv, IL 60025.

CIRCLE 18 ON 'FREE INFORMATION CARD .

32-81T MICROCOMPUTERS, the Z-386
mod el 80 and the Z-386 model 40, are part
of Zenith's Z-300 Desktop PC series.-B~
models feature a 32-bit memory bus that
operates at 16 MHz and offer the following
speed enhancements:

Use of "memory paging" results in faster
operation by accessing large b locks of
memory-2000 and 4000 bytesof informa­
tion~t once. That minimiz es the use of
w ait states, w hich slow a PC's performance
by inserting idl e time that allow s the micro­
p rocessor to wa it for memory to "catch up."

b e shared amo ng th e members, who
would then have access to thousands and
thousand of programs.

The PC-SIGCD-ROMsells for $195; a CD­
ROM playerwill set you backabout $1000 at
the present t ime, although prices w ill co n­
tinue to drop as competition heats up, and
volume production increases.

"Burst-mode refresh" increases system
speed by refreshing multiple rows of mem­
ory at once. That reduces the amount of
time that the microprocessor is occup ied in
refresh functions, increasing the amount of
availab le computing time.

An optional "cache co ntroller" board
stores freq uently accessed da ta in ex­
tremely fast static RAM (Random Access
Memory), thereby minimizing system wa it
states. The Z-386 PC's have three open 32­
bi t memory slots, allowing the use of the
cache controller and memory cards.

The Z-386 model 80 (with an 80-mega­
byte hard di sk drive) is p riced at $7499.00;
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BUILD A
CLOCK BOARD. . . .

for YOUR PC
Build this inexpensive clock

board and keep your IBM-PC
(or compatible) on time and
up to aat"e- autom atically!

VAUGHN D. MARTIN

T he IBM-PC is a great machine, but it does have its quirks. For contentsof those locationsare indicated in Tab le 1. The MM581 67A
examp le, every time yo u turn it on, you have to enter the time also has a bi -directional eight-b it data bus.

and the date. That's no bi g deal-it's just a pain to have to do it Driving the IC is an osc illator, w hich requires two capacitors, a
every single time you use the computer. resistor,and a 32.768 kHz q uartz crystal,wh ich function together as

Of course, you don't really have to enter the current time and
d ate-you can just press the RETURN key. But then you w on't be
ab le to tell w hen you last worked on a fi le: And backup software TABLE 1-CLOCK IC
may not work co rrectly, either. . Address Contents

How ever, there is a way to let the hardware do the drudge w ork A4 A3 A2 A1 AO

for you-and that'sw hat computersare for. Al l you need is a clock! 0 0 0 0 0 Counter-Ten Thousandths of
Seconds

calendar IC, a lithium battery, a few buffers and decoders, and a 0 0 0 0 Counter-Hundredths and Tenths of
littl e software. The co mb ination w ill take care of keep ing your Seconds
comp uter on time and up to date- you 'll only have to enter the e 0 0 1 0 Counter-Seconds
time and date w hen installing the clock. 0 0 e 1 1 Counter-Minutes

The circuit was designed to work w ith the IBM-PC and compati- 0 0 1 0 0 Counter-Hours
bl es, the PC board fits in the short slo t. A kit of parts is available for 0 0 1 0 1 Counter-Day of Week
under $50; by doing some judiciou s shop p ing, you can build the 0 0 1 1 e Counter- Day of Month

circuit for even less. The cost is less than that of other boards that 0 0 1 1 1 Counter-Month

contain expensive I/O ports and other features that you may not 0 1 0 0 0 RAM-Ten Thousandths of Seconds
0 1 0 0 1 RAM-Hundredths and Tenths ofreally need or wa nt. Seconds

Basic flowcharts of software op eration w ill be presented here; 0 1 0 1 0 RAM-Seconds
the kit inc ludes a d isk w ith several programs (CLOCKSEI EXE and 0 1 0 1 1 RAM-Minutes
READCLOC.EXE) that allow you to set and read the clock, respec- 0 1 1 0 0 RAM-Hours ,....
t ively. In add ition, we'l l p ost the source co de (which is w ritten in 0 1 1 0 1 RAM-Day of Week co

~
Lattice C) on the RE-BBS, so you can customize it to your heart's 0 1 1 1 0 RAM-Day of Month I

content. 0 1 1 1 1 RAM-Months u
a:

1 0 0 0 e Interrupt Status Register «
::2:

How it works 1 0 0 0 1 Interrupt Control Register I
The circuit is based on an MM58167A real-tim e clock IC, man-

1 0 0 1 0 Counters Reset en1 0 0 1 1 RAM Reset Q)

ufactured by National Semiconducto r. It requires extremely low 1 0 1 0 0 Status Bit OJ
0p ower, so a three-vo lt lithium battery should easily last a year or 1 0 1 0 1 GO Command Cii

more. A b lock d iagram of the MM58167A is shown in Fig. 1. 1 0 1 1 0 STANDBY INTERRUPT ::;
a.

The IC has several data, control, and address lines. The address 1 1 1 1 1 Test Mode E
bu s is five bi ts w ide, allowing access to a total of 32 locat ions. The

0
o
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Construction
Our proto type w as built on a p rinted -c ircuit boa rd, foil patterns

for w hich are shown in PCService.You can also purchasean etc hed

The circuit
Figure 2 shows the complete schematic of the clock's interface

circuitry NAND gates 1C1 -a, 1C1-b, IC1-d , and 3-to-8Iine decoder IC5
generate the MM58161's CHIP-SELECT signal. Any time an I/O address
ranging from 2COh to 2DFh is read or written, that signal w ill go low.

Integrated ci rcuits IC3 and IC4 are b i-directional b uffers that give
the system access to the clock ICs address and co ntrol lines (lC3)
and its data lines ( IC4).The data-bus b uffer (IC4) isalso selected by
the p in-9 output of IC5, and the d irect ion of transfer iscontroll ed by
IC1-c, w hich co mb ines the system's MEMORY-READ signal (at edge­
connector pin B12)w ith the 170 READ line (at pin B14).

The cloc k ICs READY signal is co nnected d irectly to the system's 1/

o READY line to inform the co mputer w hen valid data is availab le.
When the co mp uter is turned off, the clock IC receives power

from lithium battery B1 through d iode D3, and diode D2 prevents
battery power from trying to feed the computer's power supply
When the computer is turned on, five-vo lt power is supplied
through d iode D2 to the clock Ie. Since that vo ltage is higher than
the three volts supplied by the battery, D3 is reverse-biased, so no
current is drawn from the battery Therefore, the battery should last
longer if the computer is used more. Inany case, the battery is rated
to supply power for a year before it needs to be replaced.

The network composed of D1, R3, and C5 ensures that the clock
ICundergoes the correct power-up and power-down sequences .
In particular, the PCN/ER-DOW N line (p in 23) should be held low until
all other lines are stable . The R3-C5 time con stant is sufficient. A lso,
PCN/ER-DOWN should go low as soon as possible after power is
turned off. When power is turned off, the computer's five-volt
supply beg ins to d rop, so eventual ly the charge on capacitor C5
forward-biases d iode D1, and that allows C5 to discharge through
the computer's pow er supply Diod e D1 is a germanium type, to
keep the vo ltage d rop across it low.

wh ich one of the eight interrupts has occured.
The ICs control lines includ e CHIP SELECT, ::":PCN/= E:::"R-=D-=CN/::7::-:N, READ, and

WRITE.There isalso a READY line that can be used to interface the ICto
a microprocessor that has a w ait-state capab ility.

The PCN/ER-DOWN input functions similarly to the -=CH7.lpO-:- S=EL-=EC=T signal,
albeit one of opposite polarity It d iffers, how ever, from CHIPSELECT in

--that it forces the main output into a high-impedance state, whereas
CHIP SELECT does not.

The READY output isactive low ; it becomes active on the negative­
qo ing edge of either the system's READ or WRITE signals (assuming the
CHIP-SELECTinput is low ). If the READY output is not used it may be left
open-circuited.

In addition, the IC has a "GO" register (at address 15h), which is
used to set the time. To do so, first the counters and the RAM are
reset by writing FF into locations 12h and 13h.Then the correct time
iswritten into the appropriate registers. Last, a write to address 15h
loads the counters .

VDD~~

~!f
_ __ -J

TABLE 2-REGISTERS
MM58167

Address Upper nibble Lower nibble
DO 8 Milliseconds No RAM Exists8 BITS

9 Tenths of Seconds Hundredths of
Seconds

A Tens of Seconds Units of Seconds

B Tens of Minutes Units of Minutes

C Tens of Hours Units of Hours

D No RAM exists Day of Week

E Tens Units
Day of Month Day of Month

F Tens of Months Units of Months

ADDRESS DECODESADDRESS
DECOD ER

a Pierce-type parallel-resonant ci rcuit. The prescaler and the -i- 32
sections provide a 1-kHz clock signal that d rives the real-time
counter, w hich cons ists of a 14-stage BCD co unter. Each stage can
be read from and w ritten to; the co unter keeps tim e in a 24-hour
format.

A read-only roll over status bit signalsw hen invalid d ata may have
been read . Invalid data could be read if the cou nter incremented
during a read (o r between reads of successive locations.) A coun­
ter cou ld increment beca use the coun ter chain is asynchronously
clocked w ith respect to the system microprocessor ( in this case,
the IBM's 8088),

The clock ICs RAMconta ins fourteen four-bit nibbles that can be
used for alarm interrupts or for general storage. In this project, the
RAMis used for storage.The nibbles are accessed from the outside
eight bits at a time ; Table2 shows how the nibblesaredistributed in
the MM58161's address space. A lso note that some nibbles are not
externally accessible: the low-order nibble at address 8 and the
high-ord er nibble at address D. Note that the year is not available
from the IC directly; it is tracked by the control software.

Referring back to Fig. 1, the comparator is a 46-bit device de­
signed to compare values in RAMagainst the counters to p rovide an
alarm interrupt. The alarm feature is not used in this project, but you
cou ld use it by writing the appropriate software, and by con­
nect ing the ICs interrupt output to one of the PCs interrupt lines.

Actually, the IChas two interrupt outputs: the main interrupt and
the stand by interrupt. The main interrupt isan active -high pu sh-p ull
output. The standby interrupt is an active-low open-d rain output.
For the main interrupt, an eight-b it control register allows the user to
select from one to seven interrupt rates(10 Hz, 1 Hz, etc .), aswell as
an alarm. The 8-b it status register (at address10h) informs the user

FIG. 1-BLOCK DIAGRAM OF THE MM58167 is shown here . The
56 bits of RAM can be used for generating alarm interrupts or as
general-purpose storage.
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FIG. 2-COMPLETE CLOCK/CALENDAR SCHEMATIC is shown here . The clock IC's
registers are accessed at the 32 locations beginning with 2C0h.

and drilled board (with go ld -plated contacts) from the source
mentioned in the Parts List. If yo u etc hyour own boa rd, note that it is
double-sided, so make sure that all feedthroughs are soldered on
both sides of the board.

If yo u use our PC board, refer to Fig. 3, the parts-placement
d iagram, to stuff the board.Make sure that you mount the polarized
capac itors correctly, as well as the d iodes and the I('s. Check you r
work carefully.

Software
Two programs contro l operat ion of the c lock board. The

CLOCKSET program, outlined in Fig. 5, is used to set the clock (and
to reset it w hen a time change occurs, or when the battery is
changed.) When the program runs, it prompts the operator for the
date, wh ich is then checked. If the date is correct, the program
prompts for the t ime, which isalso checked. Entry of an invalid date
or time causes the program to ask for the des ired value again; the
process repeats until a cor rect value is entered.

When the program has the correct values, it goes into a loop that
consecutively sets the valid t ime and date values into the appropri­
ate c1ock-IC registers.

The READCLOCprogram, outl ined in Fig. 6, reads all the time and
date registers from the clock IC Becausethe I('salarm feature is not
used, severaI RAM locations ( inside the MM58167) are used to keep
track of the current year, aswell as the month when the clock was
last read . Then, each time the clock is read, the last month is
compared to the current month. If the last month read is larger than
the current month, it is assumed that the a new year has begun, so
the year counter is incremented and saved.

The READCLOC program reads the statusregister each time to see

FIG. 3-STUFF THE PC BOARD as shown here. Make sure alllC's
are inserted correctly, and that the po larity of the battery is also
correct.

whether the clock changed whi le the regeisterswere read. If so, the
registers are read again. The process co ntinues until the status
register indi cates that valid data hasbeen read . Beforedisplay, both
date and t ime are checked for validity. If either is invalid , then an
error message and a defa ult time and date are displayed.
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All resistors are 1f4-watt, 5% unless
otherw ise noted .

R1-3300 ohms
R2-180,OOO ohms
R3-100,OOO ohms
Capacitors
C1-10 Jl.F. 16-volt, tantalum
C2, C5, C6, C7-Q.1 Jl.F. 25-volts, disc
C3-12 pF silver mica
C4-20 pF silver mica
Semiconductors
IC1- 74LSOO quad NAND gate
IC2--MM58167A real-time clock
IC3, IC4-74LS245 eight-bit bi-directional buffer
IC5--74LS138 s-e-a decoder
01-1N270 germanium diode
02, D3-1N4148 switching diode
Other components
XTAU - 32.768 kHz crystal (Digi-Key no. X32768)
B1-S-valt coin-type lithium battery (Digi-Key no. P142)
Miscellaneous: Battery holder (DIgi-Key no. BH906­
ND), PC board, wire, solder, etc.
Note: A disk containaing driver software for th is

, project is available fo r $12 ppd from Specialty Elec­
tronics Services, me., P. O. Box 680712, San An ­
tonio, TX 18268-0712. In addition, a PC Board is
available ($12),as is a complete kit of parts ($49.95),
and an assembled and tested version ($59).

PARTS LIST

like to custo mize either for a spec ial ap pli cation, you can dow n­
load the source co de fi les from the RE-BBS. Call 516-293-2283 w ith
your mod em set for 300 or 1200 baud , 8 data b its, 1 stop bit and 1
start bi t, and no parity.The file IBMCLOCK.ARCconta ins both source
fi les in co mp ressed format.

Installation
There's nothing to installing the PC boa rd physically: Just remove

power and insert the board into an empty slot. Then run the
program CLOCKSET, w hich wi ll ask you for the current time and
date; and last run READCLOC, w hich w ill set the time for DOS.You
can include READCLOC in your AUTOEXEC.BAT file to set time and
date auto matic ally every time you boot up.

Chancesare extremely slight that you'll experience any p rob lems
w ith the boa rd, assuming you fo llowed good co nstruct ion tech­
niqu es. If yo u do have a pro blem, remove the board, and make sure
that the lC's and di od es are oriented cor rect ly, and that all compo­
nents are soldered well.

If the boa rd appears to be OK,the clock boa rd 's I/O-port usage
may be con f lict ing w ith some other board in your system. Remove
all boa rds that aren't abso lutely necessary and try again. If the clock
board works now, you've begun to isolate the prob lem. To make
the boa rd co mpatible w ith your other hardware, you'll have to
change the I/O port of one or the other. Most manufacturersprovide
jumper b locks or sw itc h settings to change I/O ports. If you want to
change the clock boa rd's I/O ports, cut the trace lead ing from p in 9
of IC5 (the 74LS1 38), and co nnect anothe r output of the ICto the cut
trace.To accommodate the new port, you'll also have to recomp ile
the operating software.

Before goi ng to such drastic lenghts, realize that it's possib le,
although unl ikely, that the contro l software con fl icts w ith some
other software in your system. Try boo ting from a clean DOS
d iskette (one w ith no memory-resid ent programs), and then run­
ning CLOCKSET and READCLOC. If that solves the prob lem, expe ri­
ment w ith your usual AUTOEXEC.BAT fi le.Try eliminating your RAM­
resident programs one by one and rebooting until the problem
goes awa y. A ltering the loading order may so lve the prob­
lem. teo.

PRINT ERROR
MESSAGES

READ MONTH, DAY, HOUR,
MINUTE, SECOND,TENTHS,

HUNDREDTHS,
THOUSANDS,

INTOTEMPLOCATIONS

If time and date are valid, the progra m checks for a special date
(New Year'sDay, St.Valentine'sDay,the 4th of July,Christmas, etc .). If
the current date is one of those date s, an appropriate message
(" Happy New Year," for example) is d isp layed, as are the time and
date. A lso the time and date are used to set the IBM-PC's time and
date memory locat ions.

If you 'd like more information about eithe r program, or if you 'd

FIG.5-TO DISPLAY THE TIME AND DATE, the clock registers are
loaded one by one. If the current date is Chr istmas, New Year's,
etc., a special message is displayed. Then the year register is
updated, if necessary.

FIG. 4-TO SET THE CLOCK REGISTERS, the user is prompted
for the time and date. The the registers are loaded one by one .
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Some people say that the day of the hacker is gone-that
no one really wants to build his own computer-that people
are content to plug keyboard and monitor into the back of a
machine, insert a disk, and start computing.

We don 't buy it. We think that there is more than one
person interested in building his own computer from the
ground up, learning every detail about it, customizing it,
making it do what he wants itto do, not what IBM or Apple or
Commodore says it should do. So, during the next few
months, we'll be presenting a series ofarticles on building a
68000-based machine.

A 68000? Not an 8088? No--definitely not! We're de­
veloping Intel-itis! So we want to look at a different micro­
processor family. Are we anti-Intel? Pro-Motorola? Neither.
But we want to facilitate discussion.

In order to do so, we will present plans for building a
computer that runs the CP/M-68K and OS -9 operating
systems. Most people are famil iar with CP/M from its long
use with (ironically) Intel (8080) and Zi log (Z80) micro­
processors. Fewer people are familiar with OS-9. It has
been around nearly as long as CP/M; it was originally
written for the 6809 microfJrocessor. The Radio Shack
Color Computer runs OS-9, as do a number ofproprietary
systems. And the upcoming CD-I (Compact Disk Interac­
tive) systems most likely will run OS-9.

Because of the amount of time and space required, we
will not present complete construction plans for the com ­
puter. Rather; we will discuss its capabilities in depth , and
describe a few of its more interesting hardware features in
detail. That way we hope to entice you into building the
machine and sharing your experiences with us and with
your fellow readers.

The motherboard, EPROM's containing the system
monitor and the BIOS for one operating system, and a thick
handbook with complete construction
plans, schematics, theory of operation,
troubleshooting hints, monitor source
listings, and sample programs are avail­
able at reasonable prices. We'll provide
that information next time .

The computer 's motherboard
provides all necessary pe ripheral inter-

BUILD THE
Me 68000

TIM AND HANS SCHRADER,
MANFRED KOENIG, HAGEN VOELZKE

faces (disk and video controllers, keyboard interface, serial
and parallel ports, etc.) In addition, much expansion hard­
ware is available, including RAM cards, an IEEE-488 inter­
face, speech card, D/A and AID converters, and more.
Further; many professional programming languages are
available, including BASIC, C Pascal, LISp, FORTRAN,
etc.

Last, we've set up a special section of the R-E BBS
(516 -293-2283) for readers to share
problems, hints, complaints, congratula-
tions, etc . We've also posted several
disks of public-domain software there,
so you'll have a place to start learning
about programming the 68000.
From there on-it's up
to you!-Editor.
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TABLE 1-0N·BOARD HARDWARE

processor can handle data twice as fast as an 8-bi t device.
Benchmark tests showed that an 8086 microprocessor would not
satisfyour performanceneeds,but that a 68000would, because it
has a 32-bit internal data path.

After settling on the 68000, there were still many things to
decide.We w anted the system to be able to accomodate asmany
different types of hardw are aspossib le, so that users could avoid
the anguish of accidentally buying incompatible equipment (key­
board, monitor, d isk drives, etc.) Therefore our motherboard has
many ports for interfacingaw ide varietyof peripherals,asshown in

A Pple'sMacintosh, Commodore'sA miga, and Atari'sSTall have
one thing in common : the 68000 mic rop rocessor that

provides those comp uterswith their smarts. Unfortunately,all three
machines have closed architecturesand proprietary hardware and
software. That makes it hard to build add-on hardware, aswe ll as
software.

The IBM-PC family has one big advantage over all the 68000
machines: its open architecture. Every detail of every machine,
adapter board, and even BIOS ROM listings have been publ ished
by IBMin a series of Technical Reference manuals.

Sow e felt that it w astime to introduce a computer system w ith
the best of both worlds: an open-architecture machine based on
the 68000. In doing so, we had several design goals:
• The basic unit should provide all necessary hardware to get a
system up and running, but the design should also be flexib le
enough to handle advanced operating systems and hardware.
• Assembly and testing should be simple enough that theamateur
computerist wo uld be able to get the system running without
expensive test equipment.
• All components should be readily available; no expensive or
hard-to-find parts should be used.
• The price of the computer should be competitive w ith that of

- - the c1osea~architectu re machines.
We believe that the computerdescribed here meetsor exceeds

all those goals.

Design overview
Before we settled on the 68000, our first probl em w as to select

an appropriate microprocessor. Should w e use an 8- or a 16-bit
device? A 16-bit microprocessor requires twice as many RAM's,
ROM'sand data buffers; thoseextracomponents increase cost and
circuit -board complexity. On the other hand, a 16-bit micro-

Hardware
CPU

RAM

ROM

BUS

Seria l port

Parallel port

User port

Joystick port

Keyboard ports

Cassette port

Comments
8-MHz 68000 or 68010

128K or 512K , expandable to 16
megabytes

64K on board (32K monitor and 32K
for BIOS)

Eight fully buffered expansion slots

Up to 19,200 bps

Centronics standard

16 bits (6522 VIA)

Standard analog
I

IBM-PC or parallel ASCII

3,600 bps, interface to standard
recorder

TABLE 2-EXPANSION HARDWARE

Multifunction card RAM, EPROM, I/O lines (28), clock,
centronics port
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WHAT, NO WORDSTAR?

This computer doesn't run WordStar; Lotus 123, dBASE,
MacDraw, AppleWriter, or any other popular software. So
what good is it?

To answer that question, let's take a brief look at some
microcomputer history. About ten years ago the first per­
sonal computer kit was advertised in magazines including
Radio-Electronics. The Altair 8800 was greeted at the
time with smugness: "Cute, but what can it do?" History has
since shown that the personal computer can do many
things, very few of which were forseen in 1976.

Many of today's leading engineers and programmers
(and editors!) got their start on those early machines; the
hardware and software tinkering they did has provided them
with knowledge that has proven its worth again and again in
working with other systems.

Times change, of course, and it wouldn't be worthwhile
publishing information on building a computer with a few K
of RAM and ROM, and only toggle switches for input, and
discrete LED's for output. Ergo this 68000-based computer,
several thousand of which are already live and well and
operating in Europe.

The computer can be assembled for under $1500, which
is about what a maximally configured Altair cost in 1976.
The lesser price, however, includes memory, peripheral
support, and software that is several orders of magnitude
better than what was available back then.

Although it doesn't run popu lar applications software, it's
the kind of computer the serious student can learn much
from, and it also has the expans ion capacity and systems
software that the scientist and engineer uses every day.
Further, Phoenix Technologies (320 Norwood Park South,
Norwood, MA 02062) recently announced an 8088 emula­
tion program that runs on various 68000 machines, and
allows them to run IBM-PC software. So building this ma­
chine is in no way a lesson in planned obsolescence.

Stereo sound
port

Monochrome
video port

RGB video port
Graphics

Disk
controller

SAS f port

Device
RAM card

RS-232 card

EPROM burner

Hard-disk
controller

Mouse interface

Prototype card

D/A and AID

IEEE 488

Speech capability

16 MHz, 80 characters x 25 lines, 4
attributes

40 or 80 characters x 25 lines
640 x 200 pixels (monochrome),
320 x 200 pixels in four of 16 colors
Graphics and text can be mixed.

Eight simultaneous drives (8", 5-1/4",
3-1/2")

For hard disk with up to 32 heads
and 100 megabyte storage
capacity

Comments
2 megabytes,no wait states with

120-ns 41256 at 8 MHz

8 ports for MIDI , modem s, printers,
terminals .

Four ZIF sockets

For SASI port

With Mouse and software

Several 10- and 12-bit cards

Bus interface



TABLE 3-0PERATING SYSTEMS AND
PROGRAMMING LANGUAGES

Table 1. Tokeep the cost of the peripheralsas low as possible, we
made the system compatible w ith inexpensive IBM-PC clone com­
ponents (keyboard, power supp ly, monitor, etc.).

We chose the 6845 (which, by the way, is used in the IBM-PC's
co lor and monochrome d isp lay adapters) for video control. The
screen can be switched, under software control, between text and
high-res graphics d isplays. In monochrome text mod e, 25 lines of
40 or 80 characters,each with a resolution of 8 x 10 pixels,can be
d isplayed. The monochrome graphics mode has 640 x 200 freely
programmable pixels; through hardware or software scrolling, a
1024 x 1024 matrix may be controlled. In color mode, you can
display text as 40 characters x 25 lines, or graphics in 16 colors,
from a 320 x 200 pixel matrix.

A DMA channel connected to the video RAM allows for super-
fast graphics; up to 32 graphics pages can be def ined. All impor- ~

tant video signals (including the discrete RGB signals, SYNC and 0>

HSYNC, and their comp lements) are available at the video port, 0
making it simple to interface just about any kind of monitor. ~

Seldom contained on any microcomputer motherboard is a 2

floppy-d isk controller. However, we have included a 1793 dr ive I
controller and a 9229 data separator. Just about anystandard drive "ill
can be interfaced through one of two buses. Bus 1 is for 5%" and c5
3%" drives; bus 2 is for 8" drives. As many as four drives,single or Q;
double sided, can be connected to each bus and configured via g,
software as single or double density, w ith 35, 40, 77, or 80 tracks. E
The motherboard also has a SASI hard-di sk controller. 8
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MOTOROLA vs. INTEL

In the mid 1970's Intel Corporation quietly introduced the
8008 microprocessor. The device made it possible, for the
first time, to build machine controllers that were program­
mable via electronic-not mechanical-means.

Shortly thereafter; MOS Technology and Motorola intro ­
duced microprocessors of their own : the 6502 and the
6800 , respectively. Since that time , Motorolas original mi­
croprocessor has led to several generations of increasingly
powerful dev ices, including several families of controllers,
the general-purpose 6809 , and the 6800~ family, heart o~

the Apple Macintosh, the Commodore Am/ga , and the Atan
Sf, as well as a number of UNIX-based systems, and other
proprietary systems.

Of course, Intel didn't rest on its laurels. The 8008 soon
gave way to the 8080, and then the 8088, heart of the IBM­
PC. By some accounts the 8088, and its more powerful
siblings, the 8086, the 80286, and the 80386, are the most
powerful microprocessors in existence.

That's not the case, however. In fact, it can be argued that
the 68000, and its more powerful sibl ings , the 68010, the
68020, and the 68030 are more versatile, eas ier to use, and
more powerful than corresponding members of the 8088
family. So we chose the 68000 for this mach ine , rather than
an Intel 8088-series device , and here are some of the
reasons why.

For starters, the basic 68000 has equal access to all 16
megabytes (4 gigabytes for the 68020) of memory, where­
as the 8088 fami ly can address only 64K at a time through
the use of segment registers that must be specially loaded
by the programmer, the linker, or both. Later devices in the
Intel family (the 80286 and the 80386) are not as restricted
as the earlier devices in the ir ability to access large chunks
of memory, but , as of this writing, software incompatibility
has prevented widespread use of the expanded facilities.

In addition, the 68000 has a more highly integrated inter­
nal structure; that integration makes life much easier for the
programmer. The 68000 has eight 32-bit data registers, any
of which may be used as an accumulator, index counter,
etc . The 68000 also has seven 32-bit address registers
that , likewise, are truly general purpose.

The 8088 fam ily, by contrast , has a dedicated ac­
cumulator and separate counting, index, and data regis­
ters. Different registers access different parts of memory,
dependinq on the segment registers that modify them. The
programmer must at all times keep track of both dat~ and
segment registers, and how the contents of those registers
are affected by which instructions.

The 68000's instruction set is quite regular; the MOVE

instruction, for example, can transfer values between any
combination of CPU registers, memory, and peripheral de­
vices. The 8088 family, by contrast, has separate LOAD,

STORE , IN, and OUT instruct ions that are not all valid in all
address modes-and that's one more "feature" that makes
life difficult for the programmer.

Furthermore, successive generations of the 68000 family
add facilities, but rema in high ly compatible with the earl ier
generations. Often a later-generation device can be inser­
ted directly into the socket of an ear lier device , and the user
can immediately benefit from the added facilities.

Each generation ofthe Intel family, on the other hand , has
introduced new modes that are incompatible with the origi­
nal mode. So software developers are forced to re-develop
app lications from scratch, or to ignore the new modes
altogether. The 80386 will remedy some of the proble~s

mentioned, but control software that can make use of alllt~

facilities is not likely to be seen before 1988. However, multi­
user; multi-task ing operating systems (OS-9 and CRTX)
are availab le for this mach ine right now.

Software
MON ITOR

CP/M-68K

OS-9/68K

CRTX

MODULA 2

FORTH

C

XLiSP

FORTRAN 77

PASCAL

BASIC PLUS

C

FBASIC

GEDIT

GRED

PHO

CEDIT

RAB

DU

Comments
32K, with editor, monitor, symbo lic

assemb ler, and deb ugger
(contained in two on-board
EPROM's).

Version 1.2, includ ing C compiler

Realtime, multiuser, multitasking

Realtime, multiuser, mult itasking

Pascal 's control structures, C's power
and speed

Enhanced FORTH ('79 and '83
standards) with many 32-bit
operations, editor and high-res
graphics commands

Included with CP/M

Public-domain interpreter

Compiler

Compiler

Interpreter

Whitesmith

Fast BAS IC compiler, MBASIC
compatible

Screen-oriented program editor,
menu-driven

Joystick/mo use-controlled graphics
program

Phoneme editor for speech card

Editor with built-in calculator

Memory-resident utility program with
calcu lator, c lock ,memo pad , etc.

Disk utility



R-E Computer Admart
Rates: Adsare2%" x 2W'. One insertionS825. Six insertions S800 each . Twelve
insertions $775. each. Closing date same as regular rate card . Send order with
remittance to Computer Admart, Radio Electronics Magazine, 500-8 Bi-County
Blvd ., Farmingdale, NY 11735. Directtelephone inquiries to ArlineFishman , area
code·516·293-3000. Only 100%Computer ads are accepted for thisAdmart. ·

Getting The
Most From Your
Printer

GETTING
THEMOST
FROM YOUR
PRINTER

BP181-lt is probable that80% of dot-ma­
trix printerusers only ever use 20% of the
features offered bytheirprinters. This book
will help you unlock the special features and
capabilities that you probably don 't even
know exist. To order your copy send $6.95
plus$1.50 for shipping inthe U.S. to Elec­
tronic Technology Today Inc., P.O. Box
240, Massapequa Park, NY 11762-0240.

$38.50
9.95
3.29
3.84
2.69
2.49
1.30

$14.95
5.51
4.96
3.77
4.52
3.27

$14.95
2.95

27512
27C256
27256
27128
27C64
2764

DYNAMIC RAM
1Mbit l 000Kx1 100 ns
51258 *256Kx1 100 ns
4464 64Kx4 150 ns
41256 256Kx1 100 ns
41256 256Kxl 120 ns
41256 256Kxl 150 ns
4164 64Kxl 150 ns

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

STATIC RAM
" 62256LP-1232Kx8 120 ns

6264LP-16 8Kx8 150 ns

Ie PROMPT DELIVERY!!!
SAME DAY SHIPPING (USUALLY)S QUANTITY ON E PRICES SHOW N lo r DEC. 21. 1986. .. . ..

• a I . • •

SUNDAYS It HOUOAYS : SHIPMENT OR OEUVER Y,VIA U.S. EXPRESS MAIL

_:6.~~E::_ F~S~ig~; N~~r pri~A:Hp~~~S ~Poo-
F~~g,?~"i:s MICROP ROCESSORS UNLIMIT ED. INC.
Th S. "" SO:'" 24.000S . Peona Ave.. (918) 267.4961
Ft. P-Dne $13 21b1i BEGGS. OK. 74421 No min imum orde r
~~ lQr o..m!"'llpncll5 boocause~ alf! sui::tllCtlO~ 5nopp!ng& nwr;lncel.'xlra
CWlOOCounlpocwshown ~.-.i¥edbyllPMCSTcanuSl.allybedellYwedloyou

Vle ne lrt ll'lOl'ning. via FedetIol£ Xflf"S St8ndard ....Ir «t $6.00.orPriortlyOne (u S13.00!

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 avai lable. Mail materials to:
Compute r Adm art , RADIO-ELE C­
TRONICS, 500-B Bi-County Blvd., Farm­
ingdale, NY 11735.

CIRCLE61 ONFREEINFORMATION CARD

COMPUTER
ASSEMBLY
MANUALS

Eliminate Guesswork!
Build with Confidence!

BIG BLUE SEED for IBM'· BUILDERS
Parts list,placement diagrams &instructions
for assembling over 75 IBM-compatible
barecards. 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. Forall Apple enthusiasts ..$14.95
Both for $30.00! Also bare cards in stock!

Check /mon ey-order, VISA /MasterCard to:

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

'A DlVISlOflorxosmc MlCroTech Inc

A Z-80 A
WORKSHOP 0
MANUAL

Starting with a review of
computer principles, this
boo k describes typical L....._....!-_---'

machine-code instructions followed by a
detailed description of the l -80 instruction
set. Assembly language programming is
also discussed with examples. l -80 hex
machine-code and assembler instructions
are given in tabularform , along with in-our
connections for the l -80 and te associated
devices....Order your copy from Electronic
Technology Today Inc., PO Box 240, Mas­
sapequa Park, NY 11762. Price is $6.95
plus$1.00 for shipping.

CIRCLE214 ON FREE INFORMATION CARD
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Assorted interfaces
For flexibility, several kinds of keyboards can be accomodated:

serial ASCII, parallel ASCII, and IBM-PC. Both Centronics and
RS-232C portsareincluded, asisa freely-programmable 16-bit user
port. An analog joystick port and a stereo sound port are also
included; the latter can be used for speech synthesis, w ith the
add ition of a speechlclock card.

For adding your own or commercial hardware, the system in­
cludes eight expansion slots.A sample of the commercially avail­
able hardware is shown in Table 2.

Software
You can get the system up and running simply by build ing the

motherboard and add ing a keyboard and a monitor (or an RS-232
terminal). Thesystem attempts to boo t from floppy disk, but if you
push the ESC key during the boot process, you enter the ROM
monitor. From there you can examine and change memory loca­
tions, use the built-in symbolic assembler, trace programs, etc.

Of course, eventually you'll want to add d isk drivesand write

programs in a high-level language. The CP/M-68Koperatingsystem
comeswith anassembler/editor/debugger package, and theDigital
Research Ccompiler. Many other editors,programming languages,
and utilities areavailable, as shown in Table 3.

General remarks
About 2000 systems have been assembled since the computer

was introduced in Europe in fall 1984. Interest groups sprouted all
overGermany, and, basedon theexperiencesof usersthere,anew
motherboard was designed that corrected several flaws in the
original.

Build ing the motherboard and peripheral cards is straightfor­
ward. However, construction does require meticulous attention to
numeroussmal l details. The handbookthataccompanies themoth­
erboard and EPROM setcontainsinstructionsfornovice kit builders,
aswe ll asstep-by-step instructions for testing each sub-system as
you bring the computer up.

Next timewe' ll discuss hardware features and construction; the
final article wi ll d iscuss software.• CD.
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MARI{ET CENTER

To run your own classif ied ad, put one word on each of the lines below and send thi s form along with you r check to :

CLASSIFIED AD ORDER FORM

FOR SALE
TV tunable notch filters, free brochure. O.K. VIDEO,
Box 63/6025, Margate, FL 33063. (305) 752-9202.

CHANNEL 3-60d'B notch filter, 63.5MHz. $19.95.
All other channels $29.95. Cable converter and ac­
cessory catalog $1. (514)739-9328. CROSLEY(A),
Box 840, Champlain, NY 12919.

TUBES new, unused. Send selt-addressed, stamp­
ed envelope for list. FALA ELECTRONICS, Box
1376-2, Milwaukee, WI 53201.

RESTRICTED technical information: Electronic
surveillance, schematics, locksmithing, covert sci­
ences, hacking, etc. Huge selection. Free bro­
chure MENTOR-Z, 135-53 No. Blvd., Flushing, NY
11354.

Radio-Electronics Classified Ads, 500-B Bi-County Boulevard , Farmingdale, NY 11735

PLEASE INDICATE in which ca tegory of classified advert ising you wish your ad to appear. For
special headings, there is a surcharge of $23.00.
( ) Plans/Kits ( ) Business Opportunities ( ) For Sale
( ) Education /Instruction ( ) Wanted () Satellite Television
( )---------------------,--- --

Special Category: $23.00

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS.
- (No refunds or credits fo r typesetti ng er ro rs can be made unless you c lea rly pr int or type your

copy.) Rates indicated are for standard style classified ads only. See below for additional
ch arges for special ads. Minimum: 15 words.

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 ($71.25)

26 ($74 .10) 27 ($76.95) 28 ($79.80) 29 ($82.65) 30 ($85.50)

31 ($88.35) 32 ($91 .10) 33 ($94.05) 34 ($96.90) 35 ($99.75)

We accept MasterCard and Visa for payment of orders. If you wish to use your credit card to pay for Your ad fill
in the following additional information (Sorry, no telephone orders can be accepted.):

LASERS, components and accessories. Free cata­
log, M.J. NEAL COMPANY, 6672 Mallard Ct., Ori·
ent, OH 43146.

FREE power supply with Assortment #103
PCB, TO KO coils 144LY·120 K,
520HN-3000023, BKAN-K555AXX(2}
2N3904(2), BFQ65, 7612, 74123.
MC1330A1P, 1N914, 1N5231B. Only$25,00,
Assortment # 201 MC1330, LM1 456,
MC1356, NE565, LM386, 2N3563,
MPN3404. lN4002. Only $10.00. Assort­
ment #301 PCB with all Ie's, transistors,

diodes for Ielease-Maast Satellite-1V
project (Oct. 86article) only $25.00. 10%
discount for 5 or more. Service charge
$S.OO/order. 1(800) 821-5226 Ext. 426. MG/
~ISA, COD , check or M.O. Or write JIM
.RHODES INC., P.O. Box 3421, Bristol, TN
137625.
TUBES, name brands, new, 80% off list. KIRBY,
298 West Carmel Drive, Carmel, IN 46032.

INDIVIDUAL Phototact-tolders # 1 to # 1400. $3.00
postpaid. LOEB, 414Chestnut Lane, East Meadow,
NY 11554.

WHOLESALE car-radio computer telephone audio
video acessories antenna catalog (718) 897-0509
D&WR, 68-12 110lh St., Flushing, NY 113.75.

CATALOGand theory sheet: All models of convert­
ers and descramblers. Special combination 400
and SB3, $165. Pulse descrambler kit assembles in
half hour $69.00, built $110.00. Satellite de­
scrambler kit assembles in one hour $110.00, built
$180.00. Send $1.00. MJ INDUSTRY, Box 531,
Bronx, NY 10461.

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 .

------ ----_/------ --- - -

Card Number

Please Print Name Signature

Expiration Date
VIDEO scrambling techniques. The original "secret
manual" covers sinewave, gatedpulse, and SSAVI
systems. 56 pages of solid, useful, legible informa­
tion. Only $14.95. ELEPHANT ELECTRONICS,
INC., Box 41865·J, Phoenix, AZ 85080 . (602)
581-1973.

WIREWRAP labels. Identify IC's, pins. Easier, er­
rorless wrapping. All DIP's 8-40 pins. Inexpensive,
363 lables $6.00. PAUL'S LABELS , 7320 Embas­
sy, Miramar. FL 33023.

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE
NUMBER FOR OURFILES. ADS SUBMITTED WITHOUTTHIS INFORMATION WILL NOT BE 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) 501:
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
RLUS ALL BOLD FACE AD: add 45% premium to total price. EXPANDED TYPE AD: $4.30 per word
prepa id. All other items same as for STANDARD COMMERCIAL RATE. TINT SCREEN BEHIND ENTIRE
EXPANDED TYPE 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., August issue copy must be received by May 12th).When normal
closing date falls on Saturday, Sunday or Holiday, issue closes on preceding working day.

IS ittrue...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.

Multi-Channel 1.9 102.7 GHz
40dB Gain True Paraboli c 20 Inc h Dish

Complete System $79.95 (plus shippi ng)
Dealership s, Oty. Pricing, Replacement Parts

Phlillps·l8Ch EI8ctl'OniCS
p.D. Box 8533 • SCOttsdale, AI. 11525Z

L1FETI ~E (602) 947·7700 iS3.ooCredit allphoneordersll
WARRANTY MasterCard· Visa· COO',
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CBC INTERNATIONAL, P.O. BOX 31500RE.
PHOENIX , AZ 85046

PLANS AND KITS
CATALOG: Hobbylbroa dcasting/1750 meters/ham/
CB: transmitters, amplifiers, antennas, scramblers,
bugging devices, more! PANAXIS, Box 130-F3, Par­
adise, CA 95969.

BUILD this five digit panel meter and square wave
generator including an ohms, capacitance and
frequency meter. Det ailed instruction s $2.50.
BAGNALL ELECTRONICS , 179 May, Fairfield, CT
064..::.30.::.:. _

~ WRITE FOR

2~McGEE'S
SPEAKER &ELECTRONICS CATALOG

1001 BARGAINSIN SPEAKERS
toll free 1·800·346- 2433 for ordering only.

1901 MCGEE STREET KANSAS CITY,MO. 6'108

TUBES: "oldest", "latest". Parts, components and
schematics. SASE for list. STEINMETZ, 7519
Maplewood Ave., RE. Hammond, IN 46324.

SATELLITE descrambling manual, Video Cypher
II. Schematics and thorough explanation of digita l
audio encoding. (HBO, Cinemax, Showtime, Fan­
tasy, .Extasy) $10.95. For immediate delivery add
$1.00 CABLETRONICS, Box 30502R, Bethesda,
MD 20814.

PROGRAMMABLE power supplies. Schematics
and well written details are provided on several digi­
tally programmabl e power supplies. Easy interface
to PC or manual operation.$10 PPD. BELL, PO Box
2411 , Clarksville, TN 37042.

VERIFY before you buy. Write for free introductory
list of authentic blueErints of master circuits and
accessor ies. CANP AN (d ivision FORTEBEC
INC.}, 4690·A Clark, Montreal, Quebec, Canada
H2T2T4.

Z-TAC only $175.00. Cable products. Satellite B­
Boxes (Video/AUdio). Parts, parts, parts. Quantity
discounts . COD accepted: UPS daily. Call for infor­
mation, free catalog . (804) 456-5505. AMCOM ,
P.O.Box 68391, Virginia Beach, VA 23455.

~ . - .. .......

CABLE television converter, descrambler
[and wireless remote control video equip*
ment accessories catalog free. CABLE DIS·
iTRlBUTORS UNLIMITED,116-P Main Road,
Washington, AR 71862.

Increase channels, range , privacyl We specia lize
in frequency expanders, speech processors, FM
converters, PLL & sl ider tricks, how-to books,
plans, kits. Expert mai l- in repa irs & conversions.
16-p age cata log $2. Our 11th year!

HAM GEAA
COHJlVTEl'Ui
SOPTW AJtE

KAN HEIl;S • ot"T1CS
T U T EQU I" HlNT

HICIl;OWAVE
SATI.WTE

AUOIO VISUAL
HEW .... OOUCTS

COH"ONEHTS • KITS
ANTIQUE E~CT.

JlVaUCATIONS
1't.AHS-Sl:Il;VICU

THE BEST PLACE to BUY, SELL 0 '
TRADE N EW and USED EQUIPMENT

NUTS 8r VOLTS MAGAZINE
BOX III I ·E • PLACENTIA . CA 92670

(7 14) 632·772 1
Join Thousands of Readers Nationwide

Every Month
ONE YEAR U.S. SUBSCRIPT IONS

$10.00 · 3rd Class. $ 15.00 · 1st Class­__ $35.00 • Uf. t1rne - lrd Class~

INTEL, RCA, NatIonal, OKI, SGS, and more. Fac­
tory prime and surplus parts catalog. LYNBAR IN­
DUSTRIES, 205 Main, Box 822, St. Joseph, MI.
49085-0822.

ZENITH modules 9-151-3C$55 including shipping.
STARLINK , INC., 2603 Artie, Suite 16. Huntsville,
AL35805.

FREE semiconductors catalog, gift with purchase.
C.M. ELECTRONIQUE, Dept. RE, P.O.Box 243,
Laprairie, Quebec, Canada J5R3Y3 .

ZENITH SSAVI descramble r, UHF type . Units
working when removed from service but sold as is
with schematic . $105. 00 DINGMAN ELEC­
TRONICS. Box 40645 Redford, MI 48240.

Electronic Projects, Components , PCB Supplies
Test Instruments. Osci lloscopes $219.00, Multi:
meters $7.95, Power Supplies $69.95. Resistors 1¢.
2 YEAR GUARANTEE. Call or send SASE for free
catalog - T.O.R.C.C.C., 1131 Tower, Schaumburg
Illinois 60195, (312) 490-1374. '

TUBES 90% off, name brands, send stamped self­
addressed envelope. GRAY , 4415 Indianapolis,
East Chicago, IN 46312.

ATTENTION looking for surplus test equipment sig­
nal generator vollmeter oscilloscop e. J.B. ELEC­
TRONICS, 9518 Grand, Franklin Park, IL 60131.

DECODE nearly any gated pulse signal with our
new super simple circuit. Works on In-band, Out­
band, AM or FM pilot tone-use with Hamlin, Jer­
rold, Sylvan ia. Complete plans and theor y only
$13 .50 plus $1.50 P&H . ELEPHANT ELEC­
TRONICS INC., Box 41865-J, Phoenix, AZ. 85080.
(602) 581-1973.

CABLE-TV converters and descramblers. Low
prices, quality merchandise, we Ship C.O.D. Send
$2.00 for catalog. CABLETRONICS UNLIMITED,
P.o.Box 266, South Weymouth, MA 02190. (617)
843-5191.

LINEAR PARTS-transistors: MRF454 $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, 6LQ6 $9.75, 6LF6 $9.75,
8950 $16.75. Best prices on Palomar road noise
rnics, Ranger AR3300. New 16 page catalog listing
radio /amplifier tricks-channel modification, PLL­
sl iders , pea king 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 .

CABLE dealers-Get your free eatalog for the best1
buys on quality cable equipment. Most prices t001

low to print. N·12 Mini Code $100.00. S.B. 2 or 3
$99.00. Trimodes are the spec ial of the month'
$100.00. Hamlin Mid 1200 $89.00. Extta remotes,
cable converters, Pioneer, Jerrold, Viewstar, Star*!
com, Video Switcher. All products guaranteed 90
days. We accept M.C.,VISA, COD's.Callorwnte tor:

- - .your free catalog today. (402) 331·4957 . M.O•.--- -
ELECTRONICS, 5078 South 108th . Suite t15! _
,Omaha. NE 68137. VOICE disguisers! FM bugs! SWL active antenna ,
PIONER·Scient ific Atlanta-Jerrold Panaso nic- receivers, more! Send stamped envelope: XAND I,
Hamlin-Wireless converters all new original man- Box 25647, Dept. 60J, Tempe, AZ. 85282.
ufacturers warranted. Try our new converter repair JERROLD gated pulse theory. Twelve information.
faCility we are the best. (718) 459-5088 . packed pages covering DI & DIC converter 0 era.
CABLE TV converters. Scientific Atlantic , Jerrold, tion. Includes introduction to trimode system. $6.95
Oak. Zenith. Hamlin. Many others. Visa & M.C. plus $1.50 pos tage and handling . ELEPHANT
accepted. Toll free 1(800) 826·7623. B&B INC., ELECTRONICS, INC., Box 41865·J, Phoenix, AZ.
10517 Upton Circle, Bloomington , MN 55431. =85=0-::8....,0",. .:,(60",....,2):.,5....,8_1_.1_9_73_. _

CABLE TV equipment. All major brands. Spe- PROJECTION TV...convert your TV to project 7 foot
cializing in Scientific Atlanta, Jerro ld, and Zenith, picture. Resu lts co mparable to $2,500 pro]-
Add -ons. Our units haveworked where others have ectors...Total cost less than $30.00 plans and 8"
failed. COD's accepted . Send $2.00 for catalog to lens $21.95. .. llIustra ted information free. ..
K.D. VIDEO, P.O. Box 29538, Mips., MN 55429. MACROCOMA-GG, Washington Crossing , PA

CABLE television converter, descrambler 18977. Creditcard orders 24hrs. (~15). 736-3979.
. d - Itt I Id ' . TOP QUALITY imported.domestlc kits, surplus,an wire ess ~emo e con ro v eo equlp* discount electronics, computer components . Free
Lment accessones catalog free. CABLE OIS* catalog. TEKTRASONIX;1120 Avenue of the Amer-
iTRIBUTORS UNLIMITED, 116 Main Road.. icas, l /fl suite 4038, New York, NY 10036.

Washington, AR 71862. i•

OPEN
10om- 6pm

CLOSED
SUN&M ON
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INFORMATION UNLIMITED
P. O. BOX 716, DEPT. N1 AMHERST, NH03031

PLANS-All Parts Available in Stock
• LC5 BURNING CUTIlG C02 LASER $20.00
• RUB3 RUBY LASER RAY PISTOL 20.00
• BTC5 1.5 MILLION VOLT TESLACOIL 15.00

• • PTGl PLASMA TORNADO GENERATOR 10.00
• GRA1-GR AVITYGENERATOR . 10.00
• MAGNETICCANNON PROJECTOR 10.00

Coll fo 0 co.~ of 15 dn trio' nreeme nt. lox &
fr lnht extn.Send check or odd 1.90 for COD.
~~~~'i:':l.~r~v.~ep'id:~~e~r;,t~ ~ ::-o~r~Wf~.'1f~'e

FLOPPY CONTROLLER
WITH LPT 1 PRINTER PORT

FOR IBM~ OR CLONES

KITS-Inciudes Plansand Parts
• LHC2K SIMULATED RED/GRNIYELLIGHT

LASER. . . . .. . . . . . . . . . . . . .. . . . . 34.50
• BTC3K 250,000 VOLT TESLACOI L 159.50
• 10G1K ION RAY GUN 109.50
• PSP3K PHASOR SHOCK WAVE PISTOL 49.50
• STG1K-STUN/PARALYZING GUN 39.50
• INF1 K INFINITYTRANSMITTER 134.50
• MFT1 K 2-3 MILE RANGEFM VOICE

XMTR PC BOARD . . . . . . . . . . . . . 49.50

ASSEMBLED AND TESTED PRODUCTS
• LGU30 RED lMW PORTABLE HENE

LAS ER .. . . . 349.50
• TCL30 SOLID STATE TESLA COIL 35KV 84.50
• iPG50 POCKET PAIN FIELD GENERATOR 64.50
• BLS10 BLASTER DEFENSE WEAPON . . . 89.50
• ITM10-100KV SHOCK AND STUN GUN 99.50
• PPF10 PHASOR PAIN FIELD PORTABLE 249.50
• SNP20 SECURITY PHONE LISTENER... 99.50

• CATALOG CONTAINING DESCRIPTIONS OF
ABOVE PLUS HUNDREDS MORE AVAILABLEFOR
$1 .00 OR INCLUDED FREE WITHALL ABOVE OR·
DERS .

PLEASE INCLUDE $3.00 PH ON ALL KITS AND
PRODUCTS. PLANS ARE POSTAGE PAID . SEND
CHECK . MO, VISA, MCTO:

CIRCLE 223 ON FREE INFORMATION CARD

Silicon'1tlleySUrplUS
415-261-4506

4401 OAKPORTOA KLAND CA, 946 01
RE FEB

TANDEM "PCBA 188400

ONLY s 249 9

15 DAY TRIAL PERIOD. HURRY SUPPLY
WON:T- LAST- LONG-AT-THI S-PRICE- -

WE HAVE A NEW /J/J:>! PLEA:>E GIVE 11
A CAl.L A1 '115-26/-41513 AND LEt
ME "NOW WHA1 RIAN
YOU 1HIN".

SPEC! AL PURCHASE
~1A4ult itech KEYBOARDS
~ INDUSUI AL CORP. FOR IBM~ AI

KB097 ...hown Both work .

I

c~~ c Ion the p .e.

II{it$>X@',9~flll U:f~£~t\
· - . ," _. '" . . . return It for

84 KEYS" KB084 ·..$39:: ~.~~~~r~.~:.?d
97 KEYS" KB097 ..· $4 ... b.low
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29.95 18.00ea.

24.95 14.00 ea.

29.95

92.95 76.00 ea.

88.95

Call for specifics

139.95 70.00ea.

199.95 125.00 ea.

109.95 58.00 ea.

109.95 58.00 ea.

179.95 115.00ea.

119.95 62.00 ea.

109.95 58.00 ea.

105.95- - 90.00 ea.

ITEM S~~E
PRICE

ZENITH SSAVI CABLE READY (DEALER PRICE BASED ON5 UNITS) 225.00 185.00 ea.
SPECIFY CHANNEL 2 or 3 OUTPUT - Other products available - Please Call

~I

-S.CIENJIEIC­
ATLANTA

UNITS

PLEASE PRINT

California Penal . Code #593-D forbids 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

COD & Credit
Cards - Add 5%

TOTAL

TOTAL
PRICE

Name _

___ ___ Zip _

o Money Order 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.

<:s
:Jc
J

10.



DIGITAL audio recorder Commodore-54. Excellent
Sound! Plans, P.C.B., & drum software : $19.95. Kit
$49.95. Postpa id, order now!! TAD PAINTER, P.O.
Box 166055, Irving. TX 75016.

FREE microprocessors, memory chips, etc. Free
electron ics magazine subscriptions. Free education
in computers . For information wr ite MICROSAT
CORPORATION, 2401 N.E. Cornell , Bldg . 133 ,
Hil lsboro, OR 97124.

LISTEN to hidden subcarriers on FM receiver. Plans
$6.95 with PC/brd $15.95. D&B, Box 1258, Bru­
ceville, TX 76630 .

SAVE 75%--build your own 68000 or IBM compati­
ble computer-s-easy Free deta ils. DIGATEK COR­
PORATION, Suite 175, 2723 West Butl er Drive,
Phoen ix, AZ 850 51.

SCHEMATIC and theory for third bra ke light. Send
$2.00 to BILL SHAFER, Box 107, Gas City, IN
46933.

TV-stereo kit-€asiiy converts your TVNCR to re­
ceive the new MTS stereo sound . True stereo not
simulation . $43.95 informatiorr-SASE. DPI, Box
150, Elmont, NY 11003.

TELEPHONE bug, FM room bug sche matics with
detailed construct ion procedures using Rad io
Shack's numbered part s. Both, $6.00. Receivers
available. SHEFFI EL D EL ECTRONICS, 7223
Stony Island , Chicago , IL 60649.

DESCRAMB LING, new secret manual. Build your
own descramb lers for Cable and SUbscription TV.
Instructions, sch ematics for SSAVI, gated sync,
sinewave . (HBO, Cinemax, ShoW1ime, etc.) $8.95.
For immediate deliver y add $1 . 0 0 .
CABLETRONICS, Box 30502R, Bethesda, MD
20814.

CA8[E converters: Jerrold Products in­
clude " New Jerrold Jri-Mode,n S8-3,
Hamlin, Oak VN-12, M-35-B, Zenith, Mag­
naVOl,Scientific Atlanta, and more. (Quan­
tity discounts) 60 day warranty. Service
'converters sold here. For fast service
'C.O.D. orders accepted. Send SASE (60
cents postage) or call for info (3l2)
'658-5320. Midwest Electronics, Inc./, HlG
.GINS ELECTRONICS; 5143-R W. Diversey,
Chicago, IL60039. MClVisa orders accept­

~ed . No Illinoisorders accepted.

CABLE TV

Zenith. Jerrold . Sci -Atlanta . Oak - many other s.
Avoid costly rentals of converters - buy direct ­
Free illustrated catalogue - Call for wholesale pricing.

APARE INDUSTRIES 1-313-670-6009
35552 Grand River . Suite 255. Farm ington . MI 48024

CALL FOR FREE CATALOG

STRANGE stuff. Plans, kits, new items . Build satel­
lite dish $69 . Descramblers, bugs, adult toys . Infor­
mational photo package $3.00 refundable. DIRIJO
COR PORATION, Box 212, Lowell , NC 28098.

DESCRAMBLE the latest video 'cassette copy pro­
tection scheme . Our simple Line Zapper circu it

MASTERCARD AND VISA are now accepted takes the jitter out of your picture . Compl ete plans
. . . and theory only$13.95 plus $1.50 postage and han-

for Rayment of your advertiSing ._ S lm pI Y__ dling.J~C board and compl ete kits also available.
complete the form on the f i rst page of the ELEPHANT ELECTRONICS, INC., Box 41865-J,
Market Center and we will bi ll. PhoeniX, AZ 85080. (602) 581-1973.

HI-FI speaker systems, kits and spe aker compo­
nents from the world 's finest manufacturers. For be­
ginners an d audiophiles . Free lit erature . A&S
SPEAKERS, Box 7462R, Denver, CO 80207. (303)
399-8609.

LearnTV/VCR Repair
NoWyou can train at home in your spare time for a money­

making career in TVNCR Repair. No previous experience
necessary. No need to quit your job or school. Everything is
explained in easy-to-understand languagewith plenty of draw­
ings, diagrams and photos. We show you how to troubleshoot
and repair videocassette recorders and TV sets, howto handle
housecallsand shop repairs foralmost anymake oftelevision or
VCR. Tools are included with your course so you can get
" hands-on" practice asyou tallow your lessons step by step.
Send for free facts about theexciting opportunities in TVNCR
Repair and find out how you canstart making money in this
greatcareer. MAIL COUPON TODAY!

ICS SCiiOiiCiiFTVivCilREPAiii,";;"e;DEon-
I SOHC' "" SCranton, Pennsylvania 18515 I
I Pleasesendmefull informationand colorbrochureonhowI can I
I learn TVNCR Repair at homein my spare time. I understand I
I there isnoobligationandno salesman will visit me. I
I Name Age_ _ I
I Address Apt # __ I
I City/StateiZlp I
I Phone ( ) IL ~

INVENTIONS, ideas, new prooucta wanted ! Indus­
try presentation/national exposition. Call free 1 (800)
528-6050. Canada, 1 (800) 528-6060. X831.

WANTED

EDUCATION & INSTRUCTION

Low Quotes, High Quality, Quick Serv ice. Single,
Double sided, Multilayered Boards . Prototypes
through Product ion Quant ities. Des ign/Layout Ca­
pabi lities. Board Assembly/Project Enclosures/
Turnkey Faciliti es. Call or write for quotes and info.
T.O.R .C.C.C., 1131 Tower, Scha umburg, Illinois
60195, (312) 490 -1374.

PRINTED CIRCUIT BOARDS

HOME stud y course for class 1 license. Send $12.00
to KATHLEEN LAWSON, 2024 Pine Ave., J'liagara
Falls, NY 14301.

INVENTORS! AIM wants-ideas, inventions, new
products, improvements on exist ing products . We
present ideas to manufacturers . Confidentia lity
guaranteed. Call toll free 1 (800) 225-5800 for infor­
mation kit.

HOBBY, educational, industrial products. 70
kits. Amp lifier, FM trans istor, VU meter, door bell,
alarm system, power suppl y. Send $3 .00 to HOBBY
ELECTRONIC, P.O.Bo x 1339 , Claremont, NH
03743, or call (603) 543-0033.

FCC commercial ge neral radiotelephone license
correspo ndence course. 60 individual lessons for
$89.50. Payment plan . Results guaranteed! Details
free. AMERICAN TECHNICAL INSTITUTE, Box
201, Cedar Mountain, NC 28718.

CASSETTE recorded home study for new general
class FCC license examinations. Also broadcasting
and cablev ision courses. BOB JOHNSON TELE­
COMMUNICATIONS, 1201 Nin th, Manhattan
Beach, CA 90266.

One tree Can make
3,000,000 matches.

$89.95
ASSEMBLED

& TESTED
NEW!$69.95

COMPLETE
KIT

$199

HARD DISK CONTRO LLER CARD
THE FANTASTIC KONAN KDC-230 . WITH MANUAL. SUPER EASY

TO CONFIGURE AND USE. FOR PCIXT,
HALF SIZE PCB. '99 " - ADD $8.00 FOR CABLES

Digital Research Computers
(O F TE XAS) .

P. O . BO X 381450 • DUNCANVILLE, TX 75138 • (214) 225-2309

PC/XT EPROM
PROGRAMMER

* LATEST DESIGN * PROGRAMS UPTO 4 DEVICES AI UN~ IIM~ * ."ATURES EASY
TO USE MENU DRIVEN SOFTWARE THAT RUNS UNDER PC OR MS-DOS . * USES AN
INTELLIGENT PROGRAMMING ALGOR ITHM FOR SUPER FAST (8X) EPROM
BURNING. * THIS PLUG-IN BOARD ATTACHES TO AN EXTERNAL MINI CHASSIS
CONTAINING 4 TEXTOOL Z.I.F. SOCKETS. * NO PERSONALITY MODULES
REQUIRED * AUTOMATICVPP SELECTION: 12.5V, 21V, OR 25V. * EPROM DATA CAN
ALSO BE LOADED FROM OR SAVED TO A DISKETTE. * PROGRAMMING SOFTWARE
SUPPORTS: 2716, 2732, 2732A, 2764, 2764A, 27128. 27128A, 27256, 27256A, 27512, AND
27512A. * ASSEMBLED AND TESTED , BurNED. IN WITH MANUAL. $199 WITH
SOFTWARE. .

Iii TEXT TO SPEECH BOARD!
~ PC/XT COMPATIBLE. MAKE YOUR COMPUTER TALK!
o A VERY POWERFUL AND AMAZING SPEECH CARD. USES THE 'NEW GENERAL
w INSTRUMENTS SP0256-AL2 SPEECH CHIPAND THECTS256A-AL2TEXTTO SPEECH
a:: CONVERTER .
Z THIS BOARD USES ONE SLOT ON THEo MOTHERBOARD AND REQUIRES A COM
§ SERIAL PORT. BOARD MAY ALSO BE USED IN A

~ ~~~:::~f{~i~f~~;:(flt~~1:~~!'~~
w DEMONSTRATION SOFTWARE AND A LIBRARY
w BUILDING PROGRAM ARE tNCLUDED ON A 5'1.
a:: INCH PCIXT DISKETTE . FULL DOCUMENTA-
u, TION AND SCHEMATICS ARE ALSO INC LUDED.
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Pay TV and Satellite Oescrambling
All New 6th Edition!

Shojiki Electronics Corp., 1327R
Niagara St., Niagara Falls, NY
14303. COO's 716-284-2163

INVENTORS

100 pages. The most complete source of descram­
bling information available. Theory and schematics
for the most popular cable and satellite systems,
Bypasses, detection of illegal decoders. pilotless, B­
MAC etc. Free Videocipher update. Material not in
magazines. $14.95. CableTV.2waysystems. etc. for
those interested in descrambling $12.95 . MOS/
MMOS Handbook. Terrestrial microwave hackers.
$12.95. New edition. Ex eriments wifh Videoci her.
For hackers $12.95. uild atellite ystems under
$600. $11.95. Any3/$26. Newcatalog$1. Torx bits for
cable boxes any size $9.95

SCIENTIFIC ATLANTA & TOCOM
SCIENTIFIC Atlanta cab le converters (or iginal
units), models-8500 and 8550, remote co n­
tro l...$250 .00 . Tocom and Zenith descramblers
available , Guaranteed. N.A.S_, (213) 631-3552 .

INVENTORS! Can you patent and profit from your
idea? Call AMERICAN INVENTORS CORPORA­
TION for free information. Over a decade of service .
1 (800) 338 -5656 . In Massac husetts or Canada call
(413) 568-3753 .

SATELLITE TV

PRINTED-CIRCUIT BOARDS

~ml!~~~rn I ,:ili 1.!t-2.7GHz Parabolic Dish 40+ dBGain
LIFETIME WARRANTY

CompleteSystem $89.95(Shipping Incl.)
Dealer Rates, Replacement Components

& Expert Repairs Available
K& SELECTRONICS Call now lorsame
P.O. BOX 34522 day shlpplngl
PHOENIX. AZ 85067 (602) 23O-ll640

$2 credit onphoneorders!

SATELLITE TV receiver kits, LNA's, instr uctions,
schemat ics. Send stamped envelope: XANDI, Box
25647, Dept. 21L, Tempe, AZ 85282.

SATELLITE syste ms $349 up VISNMC availab le.
Cata log $3 .00. STARLlNK, INC., 2603 -16R Artie,
Huntsvi lle, AL 35805.

CABLE TV Secrets- the outlaw pub lication the
cab le companies tried to ban. HBO, Movie Channel,
Showti me , descramblers , co nverters, etc . Sup:
pliers list included $8 .95 . CABLE FACTS, Box 711­
R, Pataskala, OH 43062.

ELECTRONIC
ASSEMBLY BUSINESS

BIG
PROFIT

'Start home. spare time. Investment knowledge or
experience unnecessary, BIG DEMAND assem­
bling electronic devices. Sales handled by profes­
sionals, Unusual business opportunity.

FREE: Complete illustraied literature
BARTA. RE-O Bux 248

Walnut Creek, Calif, 94597

BUSINESS-residential burg lar alarms. Booming
business. Get in now. Informat ion $2 .00 . DYNAM­
IC SECURITY, P.O.B. 1456-K Grand Rapids , MI
~~. .

EASY, lucrative. One man CRT rebuilding rnachin­
ery. Free info : (815) 459 -0666 CRT, 1909 Louise,
Crysta lake, IL 60014. .

BUSINESS OPPORTUNITIES

PROJECTION TV...Make $$$'s assembling proj­
ectors...easy...results comparable to $2 ,500 proj­
ectors. Total cost less than $30 .00. Plans, 8" lens
and dea lers info rmatio n $20 .50. Illustrated informa­
tion free. MACROCOMA-GGX, Wash ingto n Cross­
ing , PA 18977. Creditcard orders 24hrs. (215)
736-2880 .

MECHANICALLY inclined individuals desiring
ownership of small electronics manufacturing busi­
ness-without investment . Write : BUSINESSES,
92-R, Brighton 11th, Brooklyn, NY 11235.

YOUR own radio station ! AM, FM, TV, Cable . Li­
censed/unlicensed. BROADCASTING, Box 130­
F3, Paradise, CA 95969.

OAK Orion "Turn-On" modificatio ns : "Chip kit" or
"Remote keypad ." details-$1.00. NAS-SAT, Box
5261, Long Beach , CA 90805. (213) 631-3552 .

VIDEOCIPHER II, descrambling man ual $10.00 ;
=================~-offset printed set of sche matics $10.00; free set of

DeSug members "special" video and audio "work­
ing schematics" with $20 .00 order; PONDEROSA
COMPANY, (303) 634-6666.

:s::»
:0o
I

Service &Shipping ChargeSchedule
Continental U.S.A.

FOR ORDERS ADD FOR ORDERS ADD
$2 5·100 $4 .50 $751-1,000 $12.50
$101-250 $6.00 $1.001-1500 $16.50
$251-500 $8 .00 $1 .501-2,000 . $20 .00
$50 1·750 $10.50 $2,00 1 and up . .. $2500

TRI-MODE/BI-STATE
TRI- mode /bi-state interface for SB units . Comp lete
kit includes PCB, 6 I.C.'s; all parts and instr uctions.
$25 .00 postpaid. ARUS ELECTRONICS, P.O. Box
662 , Chappaqua, NY 10514.

FORDHAM 550 MHz Frequency Counter
_ . Model FM-8 $16ft.Q5

{!!. :E§it (Reg. $249.95) :r
~--m Completely assembled, pre-tested,
--:-- - precaliorated e High intensity 8-digit

I LED display

t!eu;. SCOPE 41/2 Digit LCD
Bench Digital Multimeter
Model $.ma.05
DVM-6005 ...:r

Testlead set &6 "D" size batteries included ' 0.4" high
characters • Conversion period: 500 milliseconds
• Automatic, negative polarity

~~~~~36$6275
. ,Bfunction, 37 ranges
• Capac itance measurement

SCOPE 31f2 Digital Multimeters
Model $7ft.05
DVM-638 .,.
Test leads included' 11 funct ion, 38 ,...- - .......J
ranges • Logic level detector • Audib l ---------------
visual cont inuity • capac itance and
conductance measurement.

SCOPE 31f2 Digit Capacitance
Model $6ftQ5
DCM-602 :r
Test leads included • 8 ranges with full
scale values to 2000 uF • LSI circuit
• Crystal time base' Frequency range
800 Hz to 8 Hz

SCOPE Pocket Sized Audio
Signal Generator
Model
RC-555
Test leads & 9V battery included • Low
distortion sine-wave signal' 46 step
selected frequency' x1 range 20 Hz to
1.5 KHz/ x100 range 2KHz to 150 KHz

'-MM~rR€e~

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

CIRCUIT boards, do uble and sing le sided w ith
plated thro ug h holes. Cad /cam artwork design.
SmArtwork and EE/designer supported. Competi­
tive prici ng . EXPRESS CIRCUITS, 314 Cot hre n
Street, P.O. Box 58, Wilkesboro, NC 28697. (919)
667-2100. .

Model $4875
DVM·634

• 7 function, 32 ranges
• Transistor measurement

SCOPE 31f2 Digit LCD
Multimeter $2995Model
DVM-630

Test leads included • 0.5%
accuracy • 6 functions,
19 ranges • Automatic zero
adjust • Low battery indication
• Measures 5" X23/4" x7h""

/1M'! MINI-METERS wIMAXI-5PECS

t ~Om' ~~~~EF~~2F~i~~~i~~~..
: ::: t ', Model $4495
:. ~ • DVM·632

Deluxe test leads included
• 0.5% accuracy • Transistor
gain test - Audible continuity
checking &diode testI.:====- ·10 Amp measurement

....11':'" B&K 20 MHz Dual Trace
;r-; " Model $37ft.Q5.... ,_I!!!_'"-'....o.:'••~ 2120 :r

I f,~. .' Probes included' 20 and 26
IV~' -- MHz band widths' TVV and

TYH • X·Y operation • Trace rotation: adjustable
front panel • Channel 1 output

eo Z [!J Phone orders accepted.

Fordham
260 Motor Parkway, Hauppauge, NY 11788

DO IT YOURSELF TV REPAIR
NEW...repair any TV...easy. Retired serviceman
reveals secrets . Wr ite, RESEARCH, Rt3, Bo x
601BR, Colville, WA 99114.



COCO II UPGRADES (PARTS)
COCO II upgrade kits, RGB interface, 256K memo­
ry, etc. Electronic parts all types-free catalog.
INVENTIVE SOLUTIONS, P.O. Box 286, Stan­
fordville, NY 12506.

CABLE-TV DESCRAMBLING
CABLE television converter, descrambler,
and wireless remote control video equip­
ment accessories -catalog. Free. CABLE
DISTRIBUTORS UNLIMITED, 116-C Main
Road, Washington, AR 71862.
BRAND new Oak van-sync descramblers $45.00
each; Oak automatic on/of! $75.00; SB-3 $89.00;
Tri-mode$125.00;Bi-state $125.00; Scientific Atlan­
ta $125.00; Hamlin $75.00; Zenith cable $175.00;
Starcom VI $125.00; Oak Sigma $175.00; also
schematics , service manuals , descrambler infor­
mation booklets; catalog $3.00; call us, we ship
units UPS COD. PONDEROSA COMPANY, (303)
634-6666.

CABLE-TV
---DEALERS wanted: cfiannel2, 3, and 4 notcti filters. ­

Money back guarantee. Send $15.00 for sample
and quantity price list. Specify channel(s). GARY
KURTZ, Box 291394, Davie, FL 33329.

EPROM PROGRAMMING
FREE catalog . Your software/data installed in
EPROM of your choice. Fast, low cost service.
Write/call: ROMULUS MICROCONTROL, Dept. A,
Box 8669, Rockville, MD 20856. (301) 540-8863.

IT'$
TIME TO
GET OUT
OF THE
DARK.

@0

Open your eyes and see
just how many subjects are
covered in the new edition
of the Consumer Informa­
tion Catalog . It's free just for
the asking and so are nearly
half of the 200 federal publi­
cations described inside.
Booklets on subjects like fi­
nancial and career plan­
ning; eating right, exercis­
ing , and staying healthy;
housing and child care ;
federal benefit programs.
Just about everything you
would need to know. Write
today. We'll send you the
latest edition of the Con­
sumer Information Catalog,
which is updated and pub­
lished quarterly. It'll-be a
great help , you'll see. Just
write:

Consumer Information Center
Department TD
Pueblo, Colorado 81009
A public service of this publication
and the Consumer Information Center of the
U.S. General Services Administration.

T.-s: MICRO-MART accepts Visa MCand telepl'ooe COD's MinmJm order $10.00. Shipping­
U.S. orders. $2.00. Canada and otherCOlI1trieS $3.50 (.' minimum ) Shippo"ll rate adjusted wht>'e
applicable. NJresidents add 8% saleslax.

. ICl a·1UIl • 501 CEmAl. AlE.. WESTFIELD. ILl a7_ • 1201\ .5......
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TOKO COILS FOR FEB 1984 TV PROJECT
Toko , 's BKAN·K5552AXX(2), I E520HN.3000023
(.07 1uH) & L·2(l 2u H) A xed . 1 Set Of" Pes 6.00 , 3 Sets
15.00 , 10 Setl 045.00 .
Diode Ass' I-65 Pes Total-Includes lN 4148. l N914,
1No4OO4. 1N4007 ••• •• .. . . . . . . • . . . .• .. . . .. 1.95
Zene r Ass' t·65 Pcs To tal-Inclu des Min imum 3
Different l W Devices . . . . . . . . . . . . . . . . . . . . • . 1.95
LED Ass' t..,Jumbo, Medium, Min i, Red, Green And
Amber·25 PCI . . • , . , , 1.95
Resistor Ass 't· l ,000 Pes 35 Values Minimum, Popular
Values (lK, 10K, l OOK) Included. Mostly 1/4 & l /ZW.
Some 1 & ZW. Lots Of Precisions. Carbon Firm. Taped
And Reeled FOl' Easy Sorti ng . . . . . . • .. .. . . . 9.95
Regul ator Als' t·7 Pcs Inclu des 7805, 7806.
78 12 , 782 4 , 790 5, 7912 & LM309 K ... 1.95
LM317T Adjustable Reg (16630 196) . . • . , • • ,75
Mica Insul ators For TD- 220 Mater ia l. 20/ 1.00
Se" Adhesive Rubber Strippino-Cut To Any Lengths
You Cnoose (3M-Bumpon) , 3 FeeV2.oo, 10 Feetl5.oo,
50 FeeV20.00.
JUrT1*~ (Cambion)-MaleTo Male For Breadboard
& Con nector. •.• •. ...... . . . . ...•• .•.. • 1011.25
7400 TIL Asa't-2OPes, Minimum 10 Diffe rent Device
Types (7410,32,42,74,92 Etc)-2.95
74 LSXX Ass't-2O Pcs , Min imu m 15 Diffe rent
Dev ice Types (LS02,04,05,10,14 Etc)-2.95
4000 CMOS Ass 't· Minimum 8 Different Device
Type s (400 1/11,49,51 Etc)-20 PcsI3 .75

LINEAR IC'S
LM324-311.00, LM339 - 211.00, LM380 (ULN2280)
.65, LM386-1.50 , NE555- 4/1.00 , LM556-211.oo ,
LM7 4 1·4/' .oo , MCl 330 211.00, MC1398-211.00 ,
MCl458- 411.00

TRANSI STORS
PN2222A·1011.00, 2N2904 (TD-39) 411.00, 2N3055
(MOTO)-211.oo, 2N3904- 1011.oo, 2N39Q6...1011.00 Hi
Reliab il ity TQ.3 Socke t (Augut) .. . .. •. • . . . . . •.95
9VDC Wall Transforme r, 500 Ma •• ..• .•...2.95
6.3V 1.2A Transforme r ... . .•• .• .• ...• ..•. 1.60
12.6 VCT l A . . • . . • . • . .. •. • . • • . . . . • . . . . • .3.SO
7 (Seve n) Amp Tapped Transformer · 7 112115VAC Or
9V/18VAC . • .. , . . • . • • . . . • . • . . • • . . . • . • . •• .8.95
MuIlin/Sp'M SlyIo Fan ' SU2C7 (EG &G Aooon) . 3 '12"
Sq , 115V .. •..• . . .• ..• •.• .•••.. .• . •••. .5.95
Ju mbo Red LED'. • . . . • . • .• . • . 1511.00. 10016.00
Jum bo Green LED's • .• . . . .. • 1011.30. 1()()(10.oo
Jumbo Yellow LED's ••• .• .• . . . 1011.40, 1()()(11.oo
Jumbo YeIIorIt Hi Intensity With RT ArOe &~ Case
Features .• .•• ..•. •. •. .• . • ... 1011.60. 1()()(12.oo
Mini Yellow Hi Intensity Wi th Discreet. Pale Blue
~ FNiure 1011.00.1lXY12.oo LED CSipslRings
FOf Ju mbo .• . ... .• .. . . .... • .. 1511.00. 10016.00
Swi tch Aq't-Siides ,Rockrs ,Toggls 1011.95
Disc Cap AIs't (1.5p f To .47uF) • . . 5011.95
Mylar Cap Aas't(.OOluF To .33u F) 2511.95
Dip Mica Ass' t(Approx. 10 Values) 1511.95
Adjustable CoiUFlxed Chok o Ass 't 1011.95
Triac (400V 6A T0-22O). Tic' 216A 211.00
$C A (.SA 3{)V T0-92), TIC. 44 . . .... •. .511.00

74SCXX SERIES IC'S
LOW POWER, HIGH

SPEED ISO·CMOS(PIN
COMPATIBLE TO LSXX
& SIMILAR TO HCXX)

74$C 137 45 74SC373 . . .35
74SCl38 .45 74$C3 74 . . .60
74SC'39 .. . . . .60 74SC533 . .50
74SC237 . . .. .• •• .60 74SC534 . .50
74SC239 . . .. • . .60 74$C540 . .50
7"SC24O SO 74$C5 63 1.50
74$C 241 60 74SC564 . . . . . .60
74$C2 44 • . • . . . •.35 74SC573 2.00
74SC245 .. . . . . . .35 74$C564 2.00
Data Book For All Above . 's. . 2.50

DIP Ie sOcKETS
8 PIN/.07, 14 PtNl.13. 16 PIN/ .15. 18 PINI.H, 20
PINI.19, 22 PINI.21, 24 PINI.23, 28 PINI.26. 40 PINI.39
zeec Insert ion Test Socket 28 Pin . •.. .... . . .7.SO
Ir.AAN69 1G-Oouble Digit 7 Segme nt Display. Hi En..
ciency Red .56" Comm Ann . . • . 1.25
MM548 1·14 Segme nt Driver Chip . • • . • . . . . . • . .75
1.SA 50V Bridge (To-5) .. .. .. .. .. . . .. . . ...50
SA 600V Bridge 5/8" Square . • ... ..... . . • . . 1.00
lOA 500V Bridge 5/8" Square . . . 1.15
25A 200 Bridge (Solder Lug Type) 2.00
12VDC SPST Reed Relay PC Mount . . . .•. .. .60
Min i Togg le DPDT (Lock Latch Feature) . . •. • .75
DPDT " Snap In" Rocker With Bulb Socket . .95
Push·Light &d Swllch (No Bul b) Off-Mom- 45
Pushbutt on DPST Off -Mom PC Mount . . . . •311.00
DPDT Push Butt on 6A 125V . . . . . . . . . . . . . ..65
TPDT " Bat" Handle Togg le (On Off On) 1.65
DPDT RT Angle PC Toggle (On Off On)- ... . •..95
Low Au id Level Detector Kit-Parts, PC Board &
Instr uction s •......•..• . . •. . . . . . .. .•. .. •. . 4.95
11 LED Bar Graph Display. 2-314" . Rectangular LEO',
(Spec ify Red, Green. Amber) ... •..• ..•.•. .. 2.69
Giant Alpha Numeric Oisp4ay1-112- x 2- r «5 (35Total)
Red LED Matrix •.. .•. . • ... • .. . . .. ... . •.. •4.95
Electrolyt ic Cap Ass't -Includes 2.2uF. ~.7uF. l OuF.
47uF, 22OuF. 47OuF. 1,OOOuF. 3.300 uF & Others
(Voltages & Lead Configurations Vary) 15 Pes
Tota l .•. •. .• .• .. .. . . • .•. •. • . . • . . .. •. • •. 1.95
Resistor Networb-High Quality Dip Cil'O.lits (Beckman .
Dale. Bourns) 6 Pca16 Values- • .. . . . . .. . •. . •2.00
Con nectorlHeader Ass'l ·Ribbon Cable . Edgeca rd.
" Snap-Off " Headers Etc . . • . • . .• .• . 10 pcaI2 .95
22uF 35V Solid Tantalum (Kemet) . . • . . • . • . 411.00
l 00u F 20V Solid Tantalum (Kemet) . . " .311.00
l ,OOOuF 75V Axial .• • • . . . . . _.. .. . .. . .. . . . • .75
3,2OOuF SOYTw ist Lock . . • ..• .. • . .... . . .. 1.00
3.3OOuF 50V Axial Lyt ic . . . ... . . . . .. •.75
5.000u F 40V Comp uter Grade (Mallory ) • • •.. 2.50
Monoli thic Cap Ass' , . .. • . • .. .. .• • ... . • . 2511.95
Crysta l Clock Osc llla tor 14.9760 MHZ 50
UCN 41168-0SC/Freq Div Clock IC • .. .. . , • . 5/1.00

AMIF M Radio IC WlD ata Sheet (12204) . •. . 1511.00
2N3643 (TD-92 Silicon n en Purp-NPN) •• . . 1011.00
Slide Pots-l Each SOK. l OOK. 1.2M.2M, 5M· . •1.00
ULN2231 (Delco DIr.ASO) Dual Preamp IC • .•• 211.00
?Mystery? Bag " The " OHM" Bag 1.00
?Mystery? Bag 12 The " Votl." Bag 1.00
?Mystery? Bag . 3 The "C ircuit " Bag 1.00
?Mystery? Bag 14 The " Frequency" Bag 1.00
?Mystery? Bag ' 5 The " TcHrance" Bag • ..• . 1.00
No Retum slEx changea With Mystery Bags
IC Storage " Bug" Box . .••. . . . . .• . . _•• •• 2.45
Heavy Duty Alliga tor Cl ips (10 Sets) • ..•• • •. 2.30
RegUlar Alli ga tor Clips (10 Sell) • . . • . . • .••. 1.80
Wire Strippers (Spri ng Loeded. Adju st.) . • • • •2.SO
5" Needle Note Pliers (Spring Loaded) 3.95
4 112- Diagon al Cuners (Spring Loaded) 3.95
Nut Dr iver Set FOf 3116". 1/ 5/16" 312.00
Jeweler 's Screwd rivers (4 Pes) . . . . • . • •. 2.65
Desolderin g Pump (Sol der Sucker) 4.00
Replacement Tips For Solde r Sucker 213.00
25W Precision Sofderi ng Iron . . . .. .. . . . •5.00
Safely Goggl es . . . • • .. 2.95
De-Sok1ering Braid (5 Foot Roll) • . . • . . • . . . . •.89
Solde r Aid Tool Kit (4 Pes) • . . • • 3.00
Soldering Iron Convenience Stands . . • • . . • .511.00
Model 6108 Logic Probe (Penci l Type ) .. •. . • 18.95
Model 620B Logic Pulser (Penc il Type) •. •. • • 18.95
Switching Power Supply·Plus & lr.A inus 5 & 12 Volts
2Of1IIrI. By Conver .• • .• .•. . .....• . •. . .• ..• 49.95
Voltage Mate Switchi ng Regulator Kit • . . • .• • 18.95
MRF901 (Hobby-You Teat) . . . • . . • •. . •. . • . 1011.00
Pihe!' PT1CN3I8- HorizontalMount Tri~ lOOOHlr.A,
l K. 5K. 2OK. SOK. l OOK. 2OOK. 5OOK. 1M. Sing le
Tu rn • .• . • • • . . . . . • . • • . . •. • _. _• . .• . .•. .• "" .00
Mu lti Tum Precision Trimpot s (copar) , 100 OHM, 500
OHM, 1K, 10K, 2OK, 501<, l OOK, 1M. 1.00 Each.
7 Segment Display Ass' t . . . . . .. . • . .•• .• •eI2.75
Zenith TV Replacement IC Special 1.00 Each 221-42.
22 1-43, 221-48. 221-69. 221·79. 221-87. 221·96.
22 1·104,221. 105,221.106.221-140.
2SC 1172B (Toshib- Horiz Output Trans)- 2.50
MotionDetectorMod4.M(Indudes ULN2232 1C& Caps ),
2.00 Each , 7/10 .00 . 25125.00.
Motion Detect, ULN2232 IC Only 312.00, 20110.00
Black, Plastic Case For Detector 2.25
Miniature Speaker For Detector ..... • . . . .. .•75
XN-3So6deriess Breadbol.rd- l ,380 TI8-Point lr.Aalri x. 2
Vert Dist Buses . . • . . •. . . . •.. • . . • . . • • •• • •14.95
Model SG- 1C6 Signal Generator·2OHzTo 150 kHz. Low
Distort ion . 46 Step 45.~

40 PIN IDC Ribbon Cable Connector _. . _. • • . ••40
SO PIN IDC Ribbon Cable Con nectOf . •. .• • . .50
36 PIN AT Angle "Snap Off' Header ..•. .•• . • .SO
14 PIN Header FOf Ribbon C~ 311.00
.01uF l 00v Myla r Cap . •• . • . . . .•• ..•••2011.00
.1uF 200V Mytar Cap .. . . . . 1511.00
12 pf Disc • . • . • . . . . .. • . • . • . 4011.00
18 pf Disc • .• . • . •• .• . ..• . . . .•.• .4011.00
.00 1uF Disc . . . . . . . . . . . . . . • . •• 2011.00
.00000 F Disc 4011.00
.07uF 16V Disc . . . . . . . ... •• . . •... •. 3011.00
9V Banery Snaps . • . . • . . . . • . •. . . . . • .. 7/ 1.00
22 Or 27 AWG Wire (Specify) •.• .• .. . . 5011.00

BUTZ EPROM PROGRAMMER KJT
Attach ed To The Parallel Printer Port Of An IBM PC,
xt, Or Compa tible , The Britz Programs 2716. 2732,
2764. 27128. & 27256 Eproms. Standard & Fast
Programming~hms Supplied . Voltage Sektctable
12.5V. 21V & 2SV. Diskette Included ProMes Aa.sembIy
Instructions & Programming Procedures . Kil-$69 .95.
Asse mbled-99 .95

Cypher IV Mlc ro-Conlroller KII- $129.50
. 4 MHz. a-Bit Micro proce ssor
(NAT ' NSB073)
• Contro l Basic Interpreter On-Chip
• Auto-Start Opera tion At Power-On

:~~~1~:~i~~~g~tt~T~~;~~; link
. 24 Bi·Di rect ionall/O lines {8255AI
• RAM Mem ory-2K Expanda~e To 16K
• Eprom Memory-Expandable To 16K
• Built In Eprom Pr~rammer

: b~~~~:ln~~~I~~i~~nt1~~t:w.1~~kUP

::~'l:S~:5~;~~~·~~~~;~ 8~~3nUJ
All Kits Contain 5 F Connect ors. ~OO to 75
OHM Balun.300 OHM Terminal Block 2 Ft
75 0 HM Patch Cort12 Ft 300 OHM Twin Lead.
Nylo n Cable Ties. And UHF Anten na
Model 6 4 1 24·$ 2.9 5 Includes All Of
The Above Plus 25 Feet Coaxial Cable And
Mountin g Hardware For Indoor Wall 'Ceihng
Installation
Model U 880-$2 .9 5 Includes All 0 1
The Above Plus 25 Feet Coaxial Cable And
Attrac tive Expandable Pole/If- Bolt For

~a;J~r~~~5~j~~a~OI~cludes All Of
The Above Plus 65 Feet Coaxial Cable And
All Necessary U·Bolt Hardware

l00.,.Vto l000v

~~::t:: $51 95
O.l 1'A to lOA
o.,g to 20Mg
l pF 10 2O)lF
forward 'lOll . t..Ung
tranalatOl IM t lng

UHF-TV PREAMP
(As featured in Radio Electronics M archi
May articles, 1982)
This inexpen sive antenna mounted pr e­
amp can add more than 25 dB of gam to
rou r system. Lots 01satisfied customers
and repeat orders lo r this high Qualit y kit,
whic h includes all componen t parts. PC
aD.Case. Po.."r Supplyand Balun $36.50
Assembled Version '57.50
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LIMITED
WARRANTY

TEMf.4P 41f2" Digit
Multimeter
• True RMS AC voltage and
current functions. Built-in
frequency counter, 20KHz
and 200KHz range . Data
hold feature . Measures AC
and DC voltage/c urrent,
resistance and frequency
• Carrying case included.

#72-430

$159~~

-

TEMK.4P 20MHz Dual Trace Oscilloscope
• Two high quality 10:1 probes included. For detailed
specifica tions call for a comp lete Tenma catalog.

TEMK.4P
Combinat ion DMM/
Capacitance Meter
• Measures voltage, AC and
DC current up to lOA
• Resistance up to 20Mohm
• Capacitance up to 20JlF
• Built -in transistor tester
• Test leads and carrying
case included. For detailed I_
specif icat ions call for a
compl ete Tenma Catalog @ -®- til @

#72-045

$74~~

•

© 1987, MCM Electronics

1

1
Y"'R

LIMITED
WAR RANTY

TEMW.4P Digital
LCR Meter
• Measures inductance,
capaci tance and
resistance. L = l JlH-200H,
C =.1pF-200JlF, R =
.010h m-20Mohm
• Carryin g case included.
For detailed specifications
call for a complete Tenma
catalog.

#72-370

$14995 1 ,~t
(ea.) WARRANTY •

TEMf.4P Combination Function
Generator and Frequency Counter
• Six digi t disp lay . Outp ut range: .2Hz­
2MHz: seven ranges . Counter range: .1Hz­
10MHz .5-15V TT L and CMOS output
• Wave forms: sine, triangle, square, pulse,
and ramp. For detailed specifications call for
a complete Tenma catalog.

#72-380

$219~~
TEMf.4P
31/2 Dig it Bench Top DMM
• Performs eight functions: DCV, ACV, DCA,
ACA, resistance, audib le co ntinuity, diod e
and capacitanc e test. Power : AC adaptor
output 7.5VDC. Accessories: Test leads,
spare fuse (2A), operator's manual andAC

a daptor . For detaile specifica tions call fill
a comp lete Tenma catalog

#72-410

$149!~

CALL TOLL FREE 1-800-543-4330
In Ohio 1-800-762-4315 • In Alaska and Hawaii 1-800-858-1849

~»
:D
o
I

SOURCE NO. RE-30

TEMf.4P 30A Power Supply
.Output voltage: 1-15VDC . Light ed cross needle
meter: Displays voltage, current and power
simultaneously. Output current: 30A, 24A
conti nuous. Fan cooled

#72-035

$227!~

A PREMIER Company

MCM ELECTRONICS

Be Sure To Call For Your FREE
Catalog! Over 6,000 Items!
We also have ... a fu ll line of test equipment, computer
accessor ies, telephon e accessories, speakers, television
parts, flybacks, yokes, switches, fuses, lamps, capacitors ,
resistors, cartridges, styli, wire, CATV equipment, the largest
selection of original Japanese semiconductors in the country
and more.

8 5 8 E. CONGRESS PARK OR. • CENTERVILLE, OH 4545 9

(5 1 3) 4 3 4 - 0 0 3 1e
1

YEAR
LIMITED

WARRANTY

#72-445

$59~a9

Terms: - $10 minimum order . $1.00 cha rge for orders
unde r $10.

~
e$2Omin imum cha rge card order.
- Orders shipped UPS C.O.D.

MoI~Ofd - Most orde rs shipped within 24 ho urs.
- Sales office open 8:30 am to 7:00 pm Saturdays

~
10:00 am to 3 pm EST.

VISA eFor p~epald orde rs add $2.7.5 for shipp ing and
handhng.

- Should shi pping and handling charges exceed
$2.75, the balance due wil l be sent C.O.D.

TEMW.4P
Compact DMM
with Logic Probe
• Measures DCV, ACV,
DCA , ACA and resistance
• Audible continuity
tester, d iode check and
tran sistor hFe • Built-in
logic tester comp atibl e
with DTLlTTUHTU CMOS ICs.
• Accessor ies: Test leads,
spare 2A fuse and
instru cti on manual. Call
for co mplete
speci f icat ions
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DYNAMIC RAMS
4116·250 16384xl (250nol .4 9
4116·200 16384xl (200ns) .89
4116-150 16384xl (150ns) .99
4116-120 16384xl 1120n5) 1 .49
MK4332 32768xl (200ns) 6 .95
4164-200 65536xl 1200nsIl5.) 1 ,19
4164-150 65536xl (150noIl5.) 1 .29
4164·120 65 536xl (120ns)(5v) 1.95
MCM6665 65536xl (200n5115.1 1.95
TMS4164 65536xl (150ns)(5v) 1.95
4164-REFRESH 65536xl (150nsIl5VIIREFRESHI2.95
TMS4416 16384x4 (150ns)(5v) 4.95
41128·150 131072xl (150ns)(5v) 5 .95
TMS4464-15 65536x4 1150ns1l5.1 6 .95

-:m~,~~g-·-m~::~~- l~~g~:ll~~i----~:;~-
• 5v=Single 5 Volt Supply REFRESH=Pin 1 Refresh

PE-14T

rijSPECTRONICS EPROM ERASERS
~CORPORATION

-1;

(450ns) 4.95
(450ns1l5VI 3 .49
(350nsl(5V) 3.95
(450nsl(5VI 5.95
(450ns1l5VI 3.95
(250ns1l5V1I21V PGM) 3.95
(200no1l5V1I21V PGM) 4 .25
(250nsIl5VIICMOS) 5.95
(450ns1l5VI 3 .49
(250ns1l5VI 3 .95
(200ns1l5VI 4 .25
(350nsl(5VII24 PIN) 17 .95
(250no1l5VI 4 .25
(250noj(5VIICMOSI 10 .95
(250noIl5V) 7 .49
21V PGM"Program at 21 Volts

Timer Capa ci t y Unit
Chip Pri ce

NO 9
YES 9
YES 12

270 8 1024x8
2716 2048x8
2716·1 2048x8
TMS2532 4096x8
2732 4096x8
2732A 4096x8
2732A·2 4096x8
27C64 8192x8
2764 8192x8
2764-250 8192x8
2764·200 8192x8
MCM68766 8192x8
27128 16384x8
27C256 32768x8
27256 32768x8

5V=Singlo 5 Volt Supply

****HIGH~TECH****
NEG V20 UPD70108 $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

V20 UPD70108·8 $13.95
8MHz V30 UPD70116·8 $19.95
****SPOTLIGHT****

(450n5)
1450nsliCMOSI
(450nslllP)
(450n5)
(450ns)
1450nslllP)
1200nslllP)
(150nslilPI
(450n5)
(150n5)
(lOOns)
(200nsIiCMOSI
(150nsIiCMOSI
(200nsIiCMOSlIlP)
(150nsIiCMOSlI lP)
(120nsIiCMOSlIlP)
(150nsIiCMOSI
(150nsIiCMOSlIlP)
(120nsIiCMOSlIlP)

2101 256x4.
5101 256x4
2102L·4 1024xl
2112 256x4
2114 1024x4
2114L·4 1024x4
2114L·2 1024x4
2114L·15 1024x4
TMS4044·4 4096xl
TMM2016-150 2048x8
TMM2016· 100 2048x8
HM6116·4 2048x8
HM6116·3 2048x8
HM6116lP-4 2048x8
HM6116lP-3 2048x8
HM6116Lp·2 2048x8
HM6264P·15 8192x8
HM6264Lp·15 8192x8
HM6264lP-12 8192x8

LP=low power

6500
1.49 1.0MHz 32.768 KH z .9 5 74lS00 .16 74lS165 . .65 A new fami ly of high speed CMOS log ic featuring
1.95 1.0 MHz 2 .95 74lS01 .18 74lS166 .9 5 the speed of low power Schott kv :Sns typi cal gat e
2.95 6502 2 .69 6845 4 .95 1.8432 2. 9 5 74lS02 .17 74lS169 .9 5 propagation delay). combined w rth tbe advantages of
2 .49 65C02 1CMOS112 .95 68B45 8.95 2.0 1 .95 74lS03 .18 74lS173 .4 9 CMOS; very low pow er consumption. euoerior noise

169.95 6507 9 .95 6847 11 .95 2.097152 1.95 74lS04 .16 74lS174 .3 9 immunity . and improved output drive.
129,00 6520 1.95 H046505SP 6.95 2.4576 1.95 74lS05 .18 74lS175 .3 9 , 74HCOO6 .95 6522 4 .95 MC1372 2.95 3.2768 1.95 74lS08 .18 74lS191 .499 .95 6526 26 .95 8275 26 .95 3.579545 1.95 74lS09 .18 74lS192 .69 74HC: Operat e at CMOS log ic levels and are ideal

2 .49 6532 6 .95 7220 19.95 4.0 1.95 74lS10 .16 74lS193 .69 for new. all·CMOS designs.
3 .95 6545 6 .95 CRT5027 12.95 4 .0 32 1.95 74lS11 .2 2 74lS194 .69 74HCOO .59 74HC1487.95 6551 5.95 CRT5037 9,95 5.0 1 .95 74lS12 .2 2 74lS195 .69 74HC02 .59 74HC15114 .95 6561 19.95 TMS9918A 19 .95 5.0688 1.95 74lS13 .26 74lS196 .5 9 74HC04 ,59 74HC154129.95 6581 34.95 6 .0 1.95 74lS14 .3 9 74lS197 .59 74HC08 .59 74HC157199.95 2.0 MHz 6.144 1 .95 74lS15 .2 6 74lS221 .5 9 74HC10 .59 74HC158

DISK
6 .5536 1.95 74lS20 .17 74lS240 .69 74HC14 .79 74HC1636502A 2 .95 8 .0 1.95 74lS21 .2 2 74lS241 .6 9 74HC20 .59 74HC1756520A 2 .95 CONTROLLERS

10 .0 1.95 74lS22 .22 74lS242 .69 74HC27 .59 74HC2408200 6522A 5.95 10 .738635 1.95 74lS27 .23 74lS243 .6 9 74HC30 .59 74HC2446532A 11.95 12 .0 1 .95 74lS28 .2 6 74lS244 .6 9 74HC32 .69 74HC2451771 4 .95 14 .31818 1.958203 24 .95 6545A 7 ,95
1791 9.95 74lS30 ,17 74lS245 .79 74HC51 .59 74HC2578205 3 .29 6551A 6 .95 15.0 1.95 74lS32 .18 74LS251 .49 74HC74 .75 74HC2591793 9 .95 16 .0 1.958212 1.49 3.0 MHz 74LS33 .28 74lS253 .49 74HC85 1.35 74HC2731795 12 .95 17 .430 1.958216 1.49
1797 12 .95 18 .0 1.95 74lS37 .2 6 74lS256 1.79 74HC86 .69 74HC2998224 2 .25 6502B 6.95 74lS38 .2 6 74lS257 .39 74HC93 1.19 74HC3682791 19.95 18.432 1.958237 4 .95
2793 19 .95 20 .0 1.95 74lS42 .39 74lS258 .4 9 74HC107 .79 74HC3738237-5 5 .49
2797 29.95 22 .11 84 1.95 74lS47 .7 5 74lS259 1.29 74HC109 .79 74HC3748250 6.95

6800 6843 19 .95 24 .0 1.95 74LS48 .85 74lS260 .49 74HCl12 .79 74HC3908251 1.69
8272 4.95 32 .0 1.95 74lS51 .17 74lS266 .39 74HC125 1.19 74HC3938251A 1.89

1.0MHZ UP0765 4 .95 74lS73 .29 74LS273 .79 74HC132 1 .19 7,4HC40178253 1.89
MB8876 12.95 CRYSTAL 74lS74 .24 74lS279 .39 74HC133 .69 74HC40208253-5 1.95 6800 1.95 MB8877 12.95 OSCILLATORS 74lS75 .2 9 74lS280 1.98 74HC138 .9 9 74HC40498255 1.69 6802 4 .95 1691 6.95 74lS76 .29 74lS283 .59 74HC139 .99 74HC40508255-5 1.89 6803 9 .95 2143 6 .95 1.0MHz 5.95 74lS83 .49 74lS290 ,898259 1.95 6809 5.95 1.8432 5 .95 74lS85 .4 9 74lS293 .89 74HCTOO8259-5 2 .29 6809E 5.95 2.0 5 .95 74lS86 .2 2 74lS299 1,498272 4.95 74lS90 .3 9 74LS322 3.95 74HCT: Direct. drop-In replacements for LS TTL

8279 2 .49 6810 1.95
BIT RATE 2 .4576 5.95 74lS92 .4 9 74lS323 2.49 and can be int ermi xed w ith 74LS in the same circuit.6820 2 .95 2.5 4.958279-5 2 .95 6821 1.95 GENERATORS 4 .0 4.95 74LS93 .3 9 74lS364 1.95 74HCTOO .69 74HCTl668282 3.95 6840 6 .95 5.0688 4.95 74lS95 .4 9 74lS365 .3 9 74HCT02 ,6 9 74HCTl748284 2 .95 6843 19.95 6. 0 4.95 74LS107 .34 74lS367 .3 9 74HCT04 .69 74HCT1938286 3.95 6844 12.95 MC14411 9.95 74lS109 .3 6 74lS368 .39 74HCT08 .69 74HCT1948288 4 .95 BR1941 4.95 6.144 4 .95 74lS112 .2 9 74lS373 .79 74HCTlO .69 74HCT2406845 4 .95 8. 0 4.954702 9 .95 74lS122 .4 5 74lS374 .79 74HCTll .69 74HCT2416847 11 .95 10.0 4 .9 5COM8116 8.95 74lS123 .4 9 74lS375 .9 5 74HCT27 .6 9 74HCT2446850 1.95 MM5307 4.95 12 .0 4.95 74LS124 2 .75 74LS377 .791-80 6883 22.95 12.480 4 .95 74HCT30 .69 74HCT245

74lS125 .39 74lS378 1.18 74HCT32 .79 74HCT2572.0MHz 15 .0 4.95 74lS126 .3 9 74lS390 1.19 74HCT74 .85 74HCT25916.0 4 .95
4 .95 UARTS 18.432 4.95 74lS132 .39 74lS393 .7 9 74HCT75 .95 74HCT273
5 .95 20 .0 4 .95 74LS133 .49 74lS541 1.49 74HCT138 1.15 74HCT367
6 .95 AY5 -1013 3.95 24.0 4.95 74lS136 ,39 74lS624 1.95 74HCT139 1.15 74HCT373
6 .95 AY3-1015 4 .95 74lS138 .39 74lS640 ,99 74HCT154 2 .99 74HCT374

74LS139 .39 74lS645 .99 74HCT157 .99 74HCT3933.95 TR1602 3.95
74LS145 .99 74lS669 1.29 74HCT158 .99 74HCT40176 .95 2651 4.95

. MISC. 74lS147 .9 9 74lS670 .89 74HCT161 1 ,29 74HCT40402 .95 IM6402 6.95
74lS148 ,9 9 74lS682 3.20 74HCT164 1.39 74HCT40607.95 IM6403 9 .95 TMS99531 9.95 74lS151 .39 74lS683 3,20fNS8250 6.95 TMS99532 19 .95 74LS153 ,3 9 74lS684 3 .20

UlN2003 .7 9 74lS154 1.49 74lS688 2 .40
3242 7 .95 74lS155 .59 74lS783 22 .95 74FOOSOUND CHIPS 3341 4 .95 74lS156 .4 9 81lS95 1.49
MC3470 1.95 74lS157 .3 5 8 1 l S9 6 1.49 .7 9
MC3480 8 .95 74lS158 .2 9 81lS97 1.49
MC3487 2 .95 74lS160 .2 9 81lS98 1.49
l1C90 19 .95 74lS161 .39 25lS2521 2.80
2513·001 UP 6 .95 74lS162 .4 9 25lS2569 2.80
AY5-2376 11.95 74lS163 .3 9 26 lS31 1.95
AY5·3600 PRO11 .95 74lS164 .4 9 26lS32 1.95

(f)
0
Z
0a:
I-
0
UJ
...J
UJ

0
is
-ca:
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'V O H A 8 E
4 00 1 .19 14419 4.95 7400 .19 ' 74 147 2.49 74500 .29 745163 1.29 RE8ULATORS TL066 .99 LM733 .984011 .19 14433 14.95 7402 .19 74 148 1.20 74502 .29 745168 3.95

TO·220CASE TL071 .69 LM741 .29401 2 .25 4503 .49 7404 .19 74150 1.35 74503 .29 745174 .79 TL072 1.09 LM747 .694013 .35 4511 .69 7406 .29 74 151 .55 74 504 .29 745175 .79 7805T .49 7905T .59 TL07 4 1.95 LM748 .594015 .29 4516 .79 740 7 .29 74 153 .55 74505 .29 745188 1.95 7808T .49 7908T .59 TL081 .59 MC1330 1.694016 .29 4518 .8 5 7408 .24 74154 1.49 74508 .35 7451 89 1.95 7812T .49 7912T .59 TL082 .99 MC1350 1.194017 .4 9 4522 .79 7410 .19 74 155 .75 74 5 10 .29 7 45 195 1.49 78 15T .49 7915T .59 TL084 1.49 MC1372 6.954018 .69 4526 .79 7411 .25 74157 .55 74515 .49 745196 2.49
TO~3CASI:

LM301 .34 LM141 4 1.594020 .59 4527 1.95 7414 .49 74159 1.65 74530 .29 745197 2.96 LM309K 1.25 LM1458 .494021 .69 4528 .79 7416 .25 74 16 1 .69 74532 .35 7 45 226 3.99 7805K 1.59 7905K 1.69 LM311 .59 LM1488 .494024 .49 4529 2 .95 7417 .25 74 163 .69 74537 .69 745240 1.49 78 12K 1.3 9 7912K 1.49 LM311H .8 9 LM1489 .494025 .25 45 32 1.95 7420 .19 74164 .85 74538 .69 74 5241 1.49 LM317K 3.49 LM1496 .8 54027 .39 4538 .95 7423 .29 74165 .85 74574 .49 745244 1.49 TO·93 CASE LM31rr .95 LM1812 8.254028 .65 4541 1.29 7 430 .19 74166 1.0 0 74585 .95 74 5257 .79 78L05 .49 79L05 .69 LM318 1.49 LM1889 1.954035 .69 4553 5.79 7432 .29 74175 .89 74586 .35 74 5253 .79 78L12 .49 79 L12 1.49 LM319 1.25 ULN2003 .794040 .69 4585 .75 7438 .29 74177 .75 74511 2 .50 74 5258 .95 LM320 se e7900 XR2206 3.954041 .7 5 4702 12 .95 7 442 .4 9 74178 1.15 745124 2.75 74 5280 1.95 OTH ER VOLTAGE REGS LM322 1.95 XR2211 2.954042 .59 74COO .29 7445 .69 74 181 2.25 745138 .79 74 5 28 7 1.69 LM32 3K 5V 3A TO·3 4.79 LM323K 4.79 XR2240 1.954043 .8 5 74C14 .59 7447 .8 9 74182 .75 74 5 140 .55 7 45 28 8 1.69 LM338K Adj. 5A TO-3 6.95 LM324 .49 MPQ2907 1.954044 .69 74C74 .59 7470 .35 74184 2.00 745151 .79 745299 2.95 78H 12K 12V 5A TO·3 8 .95 LM331 3.95 LM29 17 1.954045 1.98 74C83 1.95 7473 .34 74 191 1.15 745153 .79 7 4S 37J 1.69 LM334 1.19 CA3046 .894046 .6 9 74C85 1.49 7474 .33 74 192 . .79 7 45157 .79 745374 1.69 LM335 1.79 CA3081 .994047 .6 9 74C95 .99 747 5 .4 5 74194 .85 74515 8 .95 7 4547 1 4.95 LM336 1.75 CA3082 .994049 .2 9 74C150 5.75 74 76 .35 74196 .79 74 5161 1.29 7 45 57 1 2.95 IC SOCKETS LM337K 3.95 CA308 6 .804050 .29 74C151 2.25 7483 .50 741 97 .75 1·99 100+ LM338K 6.95 CA3089 1.954051 .69 74C161 .99 7485 .59 74199 1.35 8 PIN ST .11 .10 LM339 .59 CA31 30 E .994052 .69 74C163 .99 7486 .3 5 74221 1.35 14 PIN ST .11 .09 LM340 s.&7800 CA3146 1.294053 .69 74 C164 1.39 7 48 9 2.15 74246 1.35
D ATA ACO INTERFACE 16 PIN ST .12 .10 LM350T 4.60 CA3160 1.194056 2 .19 74C192 1.49 7490 .39 74 247 1.25 18 PIN ST .15 .13 LF353 .59 MC3470 1.954060 .69 74C193 1.49 7492 .50 74248 1.8 5 ADC0800 15.55 8T26 1.29 20 PIN 5T .18 .15 LF356 .99 MC3480 8 .954066 .2 9 74C221 2.49 7493 .35 74249 1.95 ADC0804 ' 3 .49 8T28 1.29 22 PIN ST .15 .12 LF357 .99 MC3487 2.954069 .19 74C240 1.89 7495 .55 7425 1 .75 ADC08 09 4.49 8T95 .89 24 PIN ST .20 .15 LM358 .59 LM3900 .494076 .59 74C244 1.8 9 7497 2.75 74265 1.35 ADC08 1614.95 8T96 .8 9 28 PIN sr .22 .16 LM380 .89 LM3909 .984077 .29 74C374 1.99 74100 2.29 74273 1.95 ADC0817 9.95 8T97 .59 40 PIN ST .30 .22 LM383 1.95 LM3911 2.254081 .22 74C905 10.95 74121 .29 74278 3.11 ADC0831 8.95 8T98 .8 9 64 PIN ST 1.95 1.49 LM386 .8 9 LM3914 2.394085 .7 9 74C911 8.95 74123 .49 74367 .65 DAC0800 4 .49 DM8131 2.9 5 ST=SOL DERTAIL LM393 .45 MC4024 3.494086 .8 9 74C917 12.9 5 74125 .4 5 743 68 .65 DAC0806 1.95 DP 830 4 2.29 8 PIN WIN .59 .69 LM394H 5.95 MC4044 3.99, 40 93__ .4 9 74C922_4.49 . . 74 141__.65 _ 9368 __ 3.95 . DAC0808-2.95 - 058833- 2.25 - 14 PIN W'W .69 .5 2 TL494 4.20 RC4136 1.254094 2.49 74C923 4 .95 74143 5.95 9602 1.5 0 DAC1020 8 .25 0 58835 1.99 16 PIN WIN .69 .58 TL497 3.25 RC45 58 .6914411 9.95 74C926 7 .95 74 144 2.95 9637 2.95 DAC10 22 5.95 058836 .99 18 PIN WIN .99 .90 NE555 .29 LM13 600 1.4914412 6.95 80!=97 .95 7 41 45 .60 96S02 1.95 MC1408L8 2.95 058837 1.65 20 PIN WIN 1.09 .98 NE5S6 .49 75107 1.49

22 PIN WIN 1.39 1.28 NE558 1.29 751 10 1.95
24 PIN WIN 1.49 1.35 NE564 1.95 7 5150 1.95

36 PIN CENTRONICS
28 PIN WIN 1.69 1.49 LM565 .95 75154 1.95
40 PIN WIN 1.99 1.80 LM566 1.49 75188 1.25

WIN=WIREWRAP LM567 .79 75189 1.25MALE 16 PIN ZIF 4.95 CALL NE570 2.95 75451 .39RIBBON CABLE 24 PIN ZIF 5.95 CALL NE590 2.50 75452 .39SOLDER CUP 28 PI N ZIF 6 .95 CALL NE592 .98 75453 .39FEMALE 40 PIN ZI F 9 .95 CAll LM710 .75 75477 1.29
RIBBON CABLE ZIF=TEXTOOL LM723 .49 75492 .79
RT ANGL E PC MOUNT (ZERO IN SERTION FORCE) H=TO·5 CAN. K=TD·3. T=TO·220

100-UP
.09
.12
.12
.09
.09

1-99
.10
.14
.14
.10
.10

4N26
4N27
4N28
4N33
4N37
MCT·2
MCT·5
TIL·111
2N3906
2N4401
2N4402
2N4403
2N6045
TIP31

. COM CATHODE .36 2"
COM CATHODE .5"
COM ANODE .5"
COM ANODE .3"
COM CATHODE .3"
COM CATHOD E .8"
COM CATHODE .3"

LED DISPLAYS

'.25
.25

25 /1 .00
10/1 .00

.25

.55

.95

.35

.25

.10

.50

.25

.79

.10

TIL·311 4x7 HEX W/LOGIC .270"
HP5082·7340 4x7 HEX W/LOGIC .290"

FND·3571359}
FND·5OO(503)
FN D·507(510)
MAN·72
MAN·74
MAN·8940
TIL·313

SWITCHES
SPOT MINI-TOGGLEON-ON
DPDT MINI·TOGGLE ON·ON
DPDT MINI-TOGGLE ON-OFF·ON
SPST MINI·PUSHBUTTON N.O.
SPST MINI-PUSHBUTTON N.C.
SPST TOGGLE ON-OFF
BCD OUTPUT 10 POSITION 6 PIN DIP

DIP SWITCHES
.8 5 . 7 POSIT ION
.90 8 POSITION
.90 10 POSITION

1N751
1N 759
1N41 48
1N4004
1N5402
KBP02
KBUBA
MDA990·2
N2222
PN2222
2N2905
2N2907
2N3055
2N3904

DIFFUSED LEOS
J UMBO RED TPA
JUMBO GREEN TPA
JU M BO YELLOW T1 JA
M OUNTING HOW TPA
MINI RED T1

W~·" 0.~, - = .:..
. Ef;~"" --" --'-" --'--'-'-" '--'--A

0837S" ••••• " •••••·•• "": "

roaar s~D~..:::::;

FOR ORDERING INSTRUCTIONS SEE D-SUBMINIA TURE BELOW

IDC CONNECTORS

DESCR IPT ION ORDER BY 10 20 26 34
CON TACTS

RIGHTANGLE SO LDE R HEADER IDH xxSR .85 1 .35 1.7 6 2.31

ORDERING INSTRUCTIONS: INSER T THE NUMBER OF CONTACTS IN THE POSITI ON
MARKED "xx " OF THE "ORDE R BY " PART NUMBE R LISTED.

EXAMPLE : A 15 PIN RIGHT ANG LE MA LE PC SOLDER WOULD BE DBI5PR.

MOUNTING HARDWARE $1.00

D ·SUBMINIATURE

RIGHT ANGLE 'IJ!NtI HEADER IDHxxWR 2 .05 3.28 4.22 4.45

SOLDER HEADER IDHxxS .82 1.29 1.68 2.20

'IJ!NtI HEADER IDHxxW 1 .86 2 .98 3 .84 4.50

RIBBON HEADER SOCKET IDSxx • .79 .99 1.39 1.59

CONTACTS -DESCRIPTION ORDER BY
8 14 16 18 20 22 24 28 40

HIGH RELIABILITYTOOLED A UGATxxST .62 .79 .89 1.09 1.29 1.39 1.49 1 .69 2 .49ST IC SOCKETS
HIGH RELIABILITY TOOLED A UGAT xxWW 1.30 1.80 2.10 2.40 2.50 2.90 3.15 3 .70 5.40 ~" "'''>WIN IC SOCKETS

~<H'Q
COMP ONENT CARRI ES '

ICC xx .49 .59 .69 .9 9 .99 .99 .99 1 .09 1.49(DIP HEADERS)
RIBBON CAB LE IDPxx ... .9 5 .95 ... ... ... 1.75 --- 2 .95DIP PLUGS (lDC)

\ \ I I

CO NTACTS
DESCR IPTION ORDER BY

25 37 509 15 19
MALE DBxxP .82 .90 1.25 1.25 1.80 3 .48

SO LDER CUP
FEMALE DB xxS .95 1.15 1.50 1.50 2.35 4 .32

RIGHT ANG LE MALE DBxxPR 1.20 1.49 ... 1.95 2.65 ...
PC SOLDER FEMALE DBxxSR 1.25 1.55 ... 2.00 2.79 ...

MALE DBx xPWW 1.69 2.56 .-- 3.89 5 .60 ...
WIRE WRAP

FEMALE OBxxSWW 2.76 4.27 --- 6.84 9 .95 ---
IDC MALE IDBxxP 2.70 2.95 --- 3.98 5 .70 ---

RIBBON CABLE FEMALE IDBxxS 2.92 3.20 ... 4 .33 6 .76 ...
METAL MHOODxx 1.25 1.25 1.30 1.30 --. ...

HOODS
GREY HOODxx .55 .65 ..- .65 .75 .95

RIBBON HEADER IDMxx 5.50 6.25 7 .00

RIBBON EDGE CARD IDExx 1.75 2.25 2.55 2.75

RIBBON CABLE .

SING LE COLOR

HARD TO FINO

"SNAPABLE" HEADERS

CAN BE SNAPPED APART TO
MAKE ANY SIZE HEADER .

ALLWITH .1" CENTERS

1x40 STRAIGHT LEAD
1x40 RIGHT ANGLE
2x 40 STRAIGHT LEAD
2x40 RIGHT ANGLE

. SHORTING .

COL.!LOCQK~
CONTACTS
SPACED
AT ., ..
CENTERS ~

5/$1 ;00

l ' 10'

.18 1.60

.28 2.50

.36 3.20

.45 4.00

.46 4 .10

.61 5 .40

.72 6 .40

.8 9 7 .50

s::
l>
:IJ
o
::r:
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PAGE WIRE WRAP WIRE
PRECUT ASSORTMENT

I N ASSORTED COLORS S27.50

100ea : 5 .5 " , 6 .0 " , 6.5", 7 .0 "
2500a: 2 .5 " , 4 .5 ", 5 .0"
5000a : 3 .0", 3 .5 " , 4.0"

SPOOLS
1 00 foet $4 .30 250 feet $7 .2 5
500 feot $13.25 1000 fe et $2 1 .9 5

Please specify color:
Blue, Black, Yellow or Red

WIRE WRAP PROTOTYPE CARDS
FR-4 EPOXY GLASS LAMINATE

WITH GOLD-PLATED EDGE -CARD FINGERS

· : .~,IJ. . . . ..oR~

, i I -, '
, : 1 I I , " ':f U= .

,:, Ii "~.'~~j"f~. :. .......,.'-- ~ "

L1IH1Q1l1lJUIIlU

6 FOOT LINE CORDS
LC-2 2 COND UCTOR .39
LC·3 3 COND UCTOR .99
l C· H P 3 CONDUCTOR W / $ TD

FEMALE SOCKET 1.49

EMI FILTER $4.95
• MANUFACTURED~-

BY CORCOM . ......se-.
• LOW COST C-. . ...
• FITS LC-HP BELOW . . .. ••
.6 AMP 120 /240 VOLT

BOTH CARDS HAVE SILK SCREENED LEGEND S
AND INCLUDES MOUNTING BRACKET

IBM-PRl WITH t 5V AND GROUND PLANE • •• • 527 .95
IBM-PR2 AS ABOVE WITH DECODING LAYO UT $29 .95

IBM

APPLE
BARE - NO FOIL PADS • • ••. • • • •• • $15.1 5
HORIZONTAL BUS • . .• • • • • • • • • • • $22. 7S
SIN GLE FOI L PADS PER HOLE • ••• • • $21.80
FOR APP LE li e AUX SLOT • • •• • • • • • 530. 00

5-100
BARE · NO FOIL PADS •• ••• •••• • . 515.15
HORIZONTAL BUS •• . • • • • .•• ••• • $2 1.80
VERTICAL BUS • • •• . • • • • •• . ••• • $21.80
SINGLE FOIL PADS PER HOLE • • • • • • $22.75

IBM·PR2

P500·1
P500·3
P500·4
7060·45

P100-1
P100·2
P100·3
Pl00-4

14. 95
14 .9S
16 .95

ROTRON
ETRI

MASUSHITA

MUFFIN FANS

... =--t

- .-

r: \----

PS · 130

$99.95

$79.95

PS·SPL200
...+5V@ 25A. +12V @ 3.5A

- 5V @ 1A,-12V @ 1A
...UL APPROVED
...A LUMINUM ENCLOSURE

BIULD YOUR OWN
Z80 COMPUTER

PS·A $49.95
* USE TO POW ER APPLE TYPE

SYSTEMS, 79 .5 WATTS
...+5V @ 7A, +12 V @ 3A

·5V@ .SA . ·12V@.5A
...APPLE POWER CONNECTOR

PS-130

PS·IBM·150

PS·IBM
. - - - -SWITCHING POWER SUPPLlES­

$69.95
5.95
7 .95

10.95
7 .95

.69

.59
1.09
1.09.99 • ..

.99

$34.95

2 A M P
4AMP
8 A M P
2 A M P

12 .6VAC CT
12.6VAC CT
12 .6VAC CT
25 .2VAC CT

RESISTOR NETWORKS
10 PIN 9 RESI STOR

8 PIN 7 RESISTOR
16 PIN 8 RESISTOR
16 PIN 15 RESISTOR
14 PIN 7 RESISTOR
14 PIN 13 RESISTOR

~ .

ID WRAP 24

SPECIALS ON BYPASS CAPACITORS
.01 jlf CERAMIC DISC 100 /$5.00
.0 1 jlf MONOLITHIC 100/$10.00
.1 jlfCERAMIC DISC 100 / $6 .50
.1 jlf MONOLITHIC 100/$12.5 0

• ERASES 2 IN 10 M INUTES
.. COMPACT· NO DRAWER
• TH IN METAL SH UTTER

PREVENTS UV LIGHT
FROM ESCAPING

SIP
SIP
DIP
DIP
DIP
DIP

1/4 WAnRESISTORS
5% CAR B ON FILM ALL STAN DARD VALUES

FROM 1 O H M TO 10 MEG . OH M
10 PCS s..-.rnevalue .0 5 100 PCS same value .0 2
50 PCS same value .0 25 1000 PCS same value .0 15

25 PIN D·SUB
GENDER

CHANGERS ~_~~.....
$7.95

DATARASE EPROM ERASERCAPACITORS
TANTALUM

15V .3 5 .470 35V .45
15V .70 1.0 35V .45
15V .80 2 .2 35V .6 5
15V 1.35 4.7 35V .8 5
3 5V .40 10 35V 1.00

DISC
50V .0 5 680 50V .0 5
50V .05 .00 1,A 50V .0 5
50V .05 .00 22 50V .0 5
50V .05 .00 5 50V .05
50V .05 .01 50V .0 7
50V .05 .02 50V .07
50V .05 .0 5 50V .07
50V .0 5 .1 12V .10
50V .05 .1 50V .12

MONOLITHIC
50V .14 .1,A 50V .18
50V .15 .47,A 50V .2 5

ELECTROLYTIC
RAD IAL AXIAL

25V .14 1,A 50V .14
35V .15 10 50V .16
50V .15 22 16V .14
50V .15 47 SOV .20
35V .18 100 35V .2 5
16V .18 220 25V .30
35V .2 0 470 SOV .50
25V .30 1000 16V .60
16 V .7 0 22 00 16V .7 0
2SV 1.45 4700 16V 1.2 5

~P~~~E~t1:!'l'R~~-JI~~'TM__ • N

• IDENTIFIES PIN NUMBERS ON WRAP .=
SIDE OF BOARD .5

* CAN WR ITE ON PLASTIC; SUCH AS rc # I . ~
PINS PA RT# PCK. OF PRICE.-

8 IDWRAP08 10 1 .95 1. ~

~ : :g~=~ ~: ~g ~ :~~ eo-
18 IDWRAP 18 5 1 '95 1.~
20 IDWRAP20 5 1.95 e#-.
22 IDWRAP 22 5 1.95 ......
24 IDWRAP 24 5 1.95 • rv
28 IOWRAP 28 5 1.95
40 IDWRAP 40 S 1.95 "'-_ ......._:::..:...

PLEAS E ORDER BY NUMBER OF
PACKAGES (PCK . OF)

WISH SOLDERLESS BREADBOARDS

.38 x 6 .50" 1 100

1.38)( 6 .50 "
3 .94 )( 8 .45 "

5 .13 )( 8 .45 "

6 .88)( 9 .06 "

8 .25)( 9 .45 "

AS USED IN CLOCK CIRCUITSI@
NEW EDITION!

1986
Ie MASTER

THE INDUSTRY STANDARD

$129.95
U)
o
Zo
a:
I­o
W
-'w
6
o«
a:
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CAB-1FH5

8" FLOPPY DISK DRIVES

CAB-28IB VERTICAL $209.95
DUAL SUMlINE 8" CAB INETW/POWER SUPPLY

CAB-2FH8 HORIZINTAL $219.95
DUAL FUll HT 8" CABI NET WI POWER SUPPLY

FD .100-8 55 /oo {SVOOl EOUlV)
FD 200-8 05 / 00 ISV851REOOIVl

DISK DRIVE ACCESSORIES
TEAC SPECIFICATION MANUAL
TEAC MAINTENANCE MANUAL
'h HT MOUNTING HARDWARE
MOUNTING RAILS FOR IBM AT
" Y" POWER CABLE FOR 5'14" FDDs
5V.. ' FDD POWER CONNECTORS

AS SEEN IN BYTE. OC T. 86

* STAND-ALONE OR RS-232 SERIAL
OPERATION

* MENU SELECTABLE EPROM TYPES­
NO CONFIGURATION JUMPERS

* PROGRAMS ALL 5V 27XXX EPROMS
FROM 2716 TO 27512

* REAO. COPY OR VERIFY EPROM
* UPLOAD/DOWNLOAD INTEL

HEX FILES
* PROGRAMMER DRIVER USER

MODIFIABLE

ONLY $199
KIT INCLUDES PCB AND ALL

COMPONENTS EXCEPT CASE AND
POWER SUPPLY

BUILD STEVE CIARCIA'S

INTELLIGENT
EPROM PROGRAMMER

' 9 .9 0
' 1 ~.95
' 2 4 .9 5

$27 .95
' 34 .9 5

59Cea
BULK on250

69Cea
BULK on50

SS /DD SOFT
DS /DD SOFT

NASHUA 8"

NASHUA 3.5"
3.5 " SS/DD FOR MAC ' 24.9 5

DISKETTES
NASHUA 51fl'

DS /DD SOFT
DS /QUAD SOFT
DS IHD FOR AT

$990
BOX OF 10

NASHUA DISKETTES DEALS
5%" SOFT SECTOR

DS /DD WITH HUB RINGS

NASHUA DISKETTES WERE JUDGED
TO HAVE THE HIGH EST POLISH

AND RECORDED AMPLITUDE OF ANY
DISKETTES TES TED ACCORDING TO

" COM PA RING FLOPPY DISKS" , BYTE 9 / 84

TEST EQUIPMENT FROM JDR INSTRUMENTS

DIGITAL MULTIMETER PEN DPM·1000 $54 95
AUTO RANGING. POLARITY AND DECIMAL! •
• LARGE 3.5 DIGIT

DISPLAY
• DATA HOLD SWITCH

FREEZES READING
• FAST. AUDIBLE CON­

TINUITY TEST
• LOW BATTERY

INDICATOR
• OVERLOAD PROTEC­

TION

VERBATIM 51f4"
SS/DD SOFT ' 16 .9 5

V·MD2D DS /DD SOFT ' 17.9 5
V-MD110D SS /DD 10 SECTOR HARD ' 19 .95

'160 CPS DRAFT MODE. 32CPS NLQ MODE
'* 9 x 9 DOT MATRIX
• SUPPORTS EPSON/IBM GRAPHICS
• FRICTION AND TRACTOR FEEDS
• VARIABLE LINE SPACING AND PITCH

$219.95
IBMPRINTER CABLE $9.95
REPLACEMEIIT RIBBON CARTRIDBE $7.95

MOLDED INTERFACE CABLES
6 FOOT. lOO'lb SHIELDED . MEETS FCC

IBM PARALLEL PRINTER CABLE 9.95
CENTRONICS MALE TO FEMALE 15 .95
CENTRONICS MALE TO MALE 14.95
MOOEM CABLE FOR IBM 7.95
RS232 SERIAL MALE TO FEMALE 9.95
RS232 SERIAL MALE TO MALE 9.95
KEYBOARO EXTENSION (COILEOI 7 .95
APPLE II JOYSTICK EXTENSiON 4.95

$99.95

3008 MODEM $49.95
FOR APPLE OR IBM

INCLUD ES ASCfI PRO-EZ SOFTWARE

• QUICKLY TESTS MANY COMMON
IC .

• DISPLAYS PASS OR FAIL
• ONE YEAR WARRANTY
• TESTS, 4000 SERIES CMOS.

74 HC SERIES CMOS.
7400. 74LS. 741.. 74H & 74S

ICTEST CARD

16K RAMCARD

...DUPLICATE OR BURN ANY
STANDARD 27 xx SERIES EPROM

• EASY TO USE MENU-ORIVEN .
SOFnNAREISINCLUDEO

· ~·g~~2~~~~~W~ ~~'IJ'W1~8
• HIGH SPEEO WRITE ALGORITHM
<It LED INDICATORS FOR ACTIVITY
...NO EXTERNAL POWER SUPPLY

NEEDED
.. ONE YEAR WARRANTY

51/4" FLOPPY DISK DRIVES
... FULL TWO YEAR WARRANTY

EXPAN OUR 48KAP II-"I~~"'••••••••,,-'-- l . TEACFD-&&B 'IIHT05/ooIFORI8M) '109.95- "--64 K 0 Y ~LE TO_ TEAC FD-&&F 'II HTOSIOUAOIFOR1DM)-.124.95
• USE IN PLACE OF APPLE TEAC FD-&IiGFV 'II HT05 / HO{FORIBM All '154.95

LANGUAGE CARD TANDONTM1OG-205/00IFORIBMI .119.00

BARE PC CAItO W/IMSTRUCTIOn $9.95 ~A:~~:~/~~~:~/OO (FOR IBM) :~;:;~

KEYBOARD-AP

• 3 .5 " ADO-ON DISK DRIVE
... 100% MACINTOSH COMPATABLE
• DOUBLE SIDED 800K BYTE STORAGE
... HIGH RELIABILITY DRIVE

HAS AUTO-EJECT MECHANISM
...FULL ONE YEAR WARRANTY

AD-3C " ~I$139.95 •

• REPLACEMENT FOR APPLE II
KEYBOARD

• CAPS LOCK KE Y. AUTO·REPEAT
'" ONE KEY ENTRY OF BASIC

OR CP/M COMMANDS

KB·1000 $79.95
CASE WITH KEYBOARD

FOR APPLE TYPE MOTHERBOARD
• USER DEFINED FUNCTION KEYS
• NUMERIC KEYPAD WITH

CURSOR CONTROL

• CAPS LOCiiiK.,.__iIIliiiiiiii.

EXTENDER CARDS
IBM-PC $45.00
IBM-AT $68.00
APPLE II $45.00
APPLE lie $45.00
MULTIBUS $86.00

DISK DRIVE ACCESSORIES
FDD CONTROLLER CARD $49.95
lie ADAPTOR CABLE $19.95

ADAPTS STANDARD APPLE DRIVES
FOR USE WITH APPLE lie

AP-135
$129.95

• 100% APPLE lie COMPATIBLE,
READY TO PLUG IN . W /SHIELDED
CABLE & MOLDED 19 PIN
CONNECTOR

• h~~JERELIABLE SLiMLINE DIRECT

• SIX MONTH WARRANTY

AP-150~
$99.95~

BAL-500~
$129.95~

.. FULL HT SHUGART MECHANISM

... DIRECT REPLACEMENT FOR APPLE
DiSK II

". SiX MONTH WARRANTY

...TEAC MECHANISM·DIRECT DRIVE

...100% APPLE COMPATIBLE
• FULL ONE YEA R WARRANTY

... 1/2 HT. DIRECT DRIVE

...100% APPLE COMPATIBLE
• SIX MONTH WARRANTY

CIRCLE 217 ON FREE INFORMATION CARD



$39.95

.. SWITCH CUT· OUT ON SIDe FOR PC /XT
STYLE POWER SUPPLY

.. CUT·OUT FOR 8 EXPANSION SLOTS

.. All HARDWARE INCLUDED

• 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 KEYTRONICS
KB-5151''''

.. SEPARATE CURSOR &: NUMERIC KEYPAD

.. CAPS LOCK & NUMBER LOCK
INDICATORS

.. IMPROVED KEYBOARD LA VQUT

MCT-5151

.. " 5 150 " STYLE KEYBOARD

.. FULLY IBM COMPATIBLE
• LED STATUS INDICATORS FOR CAPS &

NUMBER LOCK
.. LARGE. EASY TO REACH SHIFT &

RETURN KEYS
.. 83 KEY TYPEWRITER LAYOUT

IBM COMPATIBLE KEYBOARDS
MCT-5150 $59.95

• IBM ENHANCED STYLE LAYOUT
• SOFTWARE AUTOSENSE FOR XT OR AT

COMPATIBLES
• 12 FUNCTION KEYS
• EXTRA lARGE SHIFT & RETURN KEYS
• LED INDICATORS FOR SCROLL, CAPS &

NUMBER lOCK
• AUTO REPEAT FEATURE
.. SEPARATE CURSOR PAD---

$34.95

© COPYRIGHT 1986 JDR MICRODEVICES

.. INTERFACES UP TO 4 STANDARD
FOD s TO IBM PC OR COMPATIBLES

.. INCLUDES CABLE FOR TWO
INTERNAL DRIVES

.. STANDARD 0937 FOR EXTERNAL
DRIVES

.. RUNS QUAD DENSITY DRIVES
WHEN USED WITH JFORMAT

CIRCLE 218 ON FREE INFORMATION CARD

1200 BAUD MODEMS
HAYES COMPATIBLE, AUTO-DIAL. AUTO-ANSWER, AUTO RE-DIAL ON BUSY,

POWER-UP SELF TEST, FULL ONE YEAR WARRANTY

MODEL 12008* MODEL 1200H* STAND-ALONE
• INTERNAL DESIGN • INTERNAL DESIGN • EXTERNAL DESIGN
. 10 INCH CARD • HALF LENGTH 15'" CARD • WITH POWER SUPPLY
• SERIAL PORT INCLUDED • INCLUDES SPEAKER • lED STATUS INDICATORS

$139.95 $119.95 $149.95
'FOR IBM, INCLUDES PC TALK 11/ COMMUNICA nONS SOFTWARE

FLOPPY DISK DRIVE ADAPTOR

MONOCHROME ADAPTOR $49.95
ANOTHER FANTASTIC VALUE FROM JDR!

.. IBM COMPATIBLE TTL OUTPUT .. 720 x 350 PIXEL DIPLAY
PLEASE NOTE : THIS CARD WILL NOT RUN LOTUS GRAPHICS AND DOES NOT INCLUDE A

PARALLEL PORT
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MARK V ELECTRONICS INC., TOLL FREE INFORMATION: 1-818-282-1196
248 EAST MAIN STREET. SUITE 100. ~ 1-800-423-3483 ~ MAILORDER: P.O.BOX6610
ALHAMBRA. CA91801. ..... Only for order paid by Master or Visacard lS:'&2J ALHAMBRA,
TELEX: 3716914 MARK 5. IN CAL. : 1-800-521-MARK CA91802

CALL OR WRITE FOR A FREE CATALOG - OVER 60 HOT & WELL-QUALIFIED ITEMS FOR YOUR SELECTION!
TALKING CLOCK

I~I
~

TA-503

PROFESSIONAL COLOR LIGHT
CONTROLLER SM-328

HIGH QUALITY
MULTIPURPOSE PRE-AMPLIFIER

TA-2500
~

- GREAT
VALUE

TA-800

Mode l No. OHCripti on Kit/AsMmbled Unit Pric. TA-1 OO o..15V 2A REGUL ATED DC poweR SUPPLY Kit/ A" . $59.50/69.50
TV·1A MK'" BATT ERY FLU OPE SCE NT LIGHT Kit $3.99

TA-001 lW Mini Amp lif ier Kit $3 .90 TV-7 ELE CTRONIC TOUCH SWITC H Kit $5.50
TA-oofl 6W Mini Amp lifier Kit $4.9 2 TY·11A MULTI·FU NCTI ONAL CONT ROL RELAY Kit $3.99
TA .()()7 1Z'/oI Ster lo Powe r BOOftif K it $8.00 TY· 12 DIG ITA L CLOCK WITH TWO T IMER Kit $13.86
TA-oofl AC/OCSHOU LOER AMP L IFI ER Au $48.00 TY-13 COLOR LEO V U METE R Kit $ 17.50
TA -10 STEREO PRE-AM PLI F IER WITH MAGNE T IC Ml e AMP Ki t $8.00 TY·1<4 ELECT RONIC SHOCK Kit $3.00
TA·50 A, B MULTI ·PUR pOSE M ELODY GEN ERA TOR Ki t $10. 76 TY-18 HIGH PRECISION SOUND CONT ROL SWITCH K it $7.68
TA-12O PURE CLA SS"A" MA IN POWER AM PLI FI ER Ki t $25 .00 TY·20 SUPER SENSIT IV E COLO R POWER LE VEL INDI CAT OR Kit $19.60
TA -20 2 2f1N AC/DC ST EREO A MPLI F IER Au $80.00 TY- 23B COLO R LI GHT CONTRO L LER Kit / A•. $65.00/75.00
TA-3 00 300 Mult i·Purpo seSing l. Channel Amp. Kit $11.07 TY -25 SpEA ;';:ER PROT ECTOR Kit $9.60
TA -302 60W Stereo Power Booster K it/All. $50 .00/60.00 TY·35 FM WIRE LESS MI CROPHONE Ki t $7.68
TA-323 A High Qu,litY 3OW+3OWSterwo Ampli f iltr K it $204.60 T Y-36 AC/ DC QUA RTZ DI GIT AL CLOCK K it $16.92
TA -322i 6f1N IC st erec Pre-Amplifier & Power Am plifier K it $29.50 TY·3B SOUND OR TOUCH CONTRO L SWITCH K it $10.00
TA-400 4oo TRANS ISTORIZE D MOND-AMPLI FI ER K it $13 .&4 T Y-41 MK III INFR A RED REM OTE CONTRO L U NIT Kit /Ass. $25.00/ 30.00
TA-4 77 l 20W MOSFET POWER AMPL IF IER Kit $6 1.28 TY-42 BA R/ DOT LEVEL M ETER Kit $21.00
TA-800 8OW+8OWDC LOW TIM PRE-AMPLIFIER & POWER AMP. Kit 155. 38 TY-45 BAR /D OT AU DIO L EVEL DISPLAY K it $304.95
TA-802 9OW+8OWPURE DC STEREO POWER AM P. (W/SPEAKER ) K it $39 .95 T Y-47 SUPERI OR ELECTR ONIC ROULETTE Kit $16.92
TA -820A 6f:1H+f3OW OCL DC PRE-MAIN & STERE O AMPLIF IER K it $43.00 YAMATO 400 1 3% DI GIT AL MUL TI METER il SET $33 .80
TA -l000A lOOW DY NAMI C CLASS"A" MA IN POWER AMP (MONO ) Kit $51.95 T1 LCD THER MOMETER CLOCK W/ IN/ OUT DOOR SENSOR (ilS ET $20. 00
TA-l 500 l00wx2 NEW CLASS"A" DC STER EO pRE·MA IN A MP Kit $67. 00 ra LCD T HER MOM ETER CLOC K W/Fo/Co MEAS URING • SET $18.00
TA-20400A ELE CTR ONIC ECHO A ND RE VE RBERATI ON AMP Au $99 .85 850 1 TAL KI NG CLOCK (PARROT) • SET $17.75
TA- 2500 HI GH QUA liTY MULTI-PURPOsE PRE-AMP LI F IER Au $90 .00 850 2 TALKING CLOCK (COCKAT OO) 6' SET $15.90
TA-2200 DC FET SUPER CLA SS"A" PRE·AMpliFI ER K it $38.00 850' TA L KI NG CLOCK (MYNAH, GOL DEN OR BLACK) Q SET $ 16.90
TA·2800 NF-e R BI-FET PRE·AMp (WIT H 3WAY TONE CO'NTRO Ll K it .... .50 NO. 620 CORDL ESS SOLDER ING IRON RECHARGEABLE Ci'SET $22.80TA -3ClOO STEREO SIMU LA TOR Kit/All. $25.00/ 30 .00
SM-43 3 1/2 MULTI-FU NCTI ONA L LE D D.P.M. K it/All. $29.23/3 5.00

METAL CAB IN ETS WITH A LUM INIUM PANE L5M-48 4 112 HI·P RECI SION D.p.M. K it /A ll. $38.00/043.00
5M-l 00 S DI GIT 150M C FREQUE NCY COUN TER Au $99.00 LG12 73 3" x 12" x 7" CIlSET $lS .00
TY-43 3 1/2 D IG ITA L PAN EL MET ER Kit $2S.00 LG1684 4" x te-s e- . 5ET $22 .00
TR-355 A, B 3-SA REGU LAT ED DC POWER SUPPLY K" $8.90 LG 1924 4" x 19" x 11.15" "' SET $24.00
TR -503 O·15V /3A POWER SUPPLY WITH SHORT CIRCUIT BR EA K LG1925 S" x 19"x 11.5" " SET $26 .00

& OV ERLOAD PROT ECTOR Kit $10 .25

WE CAN SUPPLY HIGH POWER TR AN SFORMER S FOR OUR KIT S. PLEASE REFER TO OUR CAT ALO G!

TERMS : Mi nimum order : $10.00 . Charge card order $20 .00. No C.O.D .! Check & Money order , phone order accept . CA. residents must in ­
clude 6.5% sales t ax. Prices are subject to change without notice. All merchandise subject to prior sale. Shipping & handling : Inside L.A. 5% of
tota l order (M in . $1.50). Outside L.A. 10% of total orde (Min . $2 .50), Outside U.S.A. 20% of total order (Min . $5 .00). Shipped by UPS ground.
HOURS: Mon-Fri 9 :30 to 5:00. Sat 9 :30 to 1:00 (PAC IF IC TIM E) \~l~
NATION·WIDE DISTRIBUTORS WANTED FOR OUR PRODUCTS, QUANTITY DISCOUNTS AVAILABLE! - ~

CIRCLE 93 ON FREE INFORMATION CARD
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CD-CMOS

74ALS

S A T E L LITE TV
DESCRAMBLER CHIP

~4HCHI-SPEEDCMOS

SoN.....11Stanard (lioN &.1111)&Huder ptUI Sockets Also Aa llable

PlIrt No. Price Part No. Price
74 HCOO..... ... . . .. 25 74 HC175. . .. . .. .. .69
74HC0 2. .. . . .. . .. .. 25 74 HC221 . . . ..... .. . .99
74HC04.. . . . ... . .. . .29 74HC24O.... ..... . . .79
74HCDa .. . . .. . . . . . .29 74HC244. . ... ... .. . .7 9
74HC 10. . . . . . . . .. . . .29 74 HC245. . • • .. . . . .89
74 HC 14.. . . . . . . . . .. .49 74HC253. . .... . . .. .59
74HC30. • . .. . . . . . . .29 74 HC2 59. . . ... .. . . . .65
74 HC3 2 ... .29 74HC2 73 . . . .. .. . . . .79
74 HC 74 . ...... . . . . .39 74HC3 73 . . . . . . . . . . .79
74 HC75. . . .39 74 HC3 74 . . . .. . .79
74 HC7 6. . .45 74HC3 93 . .. . ... . .75
74H C8 5 ... ..... .79 74 HC595 . .. .. . . . . . 1.19
74HC86. . . . .. . . . .39 74HC688. .. • • • .. .79
74 HC 123. . ...... . . .89 74HC4040. . . • . . .8 9
74H C1 25..... ... .. . .49 74 HC4049. . . . . .. . . .59
74HC 132. . . . . .. . . .. .49 74 HC4050. ____ _._ • .59
74HC138. . .. . . . . . . . .49 74HC4060. . . . . . .. . 1.09
74H C 139. . . . ... .. . . .49 74HC45 11. .. .. . . . . 1.29
74HC154.. ..... . ... 1.19 74H C4 514. . . . . . ... 1.19
74 HC163. . . .. .. .. . .65 74 HC4538.... ... .. .89
74 HC 174.. . .. . . . . . .69 74 HC4543. ...... . . 1.19

• 7 4HCT - CMOSTTL C
74HCTOO. . .29 74HCT139... .59
74HCT02.. .29 74HCT157.. .69
74HCT04. . .29 74HCT174.. . .69
74HCT08. . .. .. . .29 74HCT175. . .69
74HCT10 .. .. .29 74HCT240 ...... . .99
74HCT32. . .29 74HCT244. . .99
74HCT74. .49 74HCT245. . . .. . . . 1.19
74HCT86. ... . . . . . .49 74HCT373 .. . ..... .. 1.19
74HCT138 . . . . .59 74HCT374 .. . .. .. . 1.19

I 74C-CMOS I
74COO. .. ...... . .. . .29 74C174... .. .. . . . . .79
74 002. .... . .. . . •. • .29 74C175 . • . . . . . . . .. . .79
74C04. . . . . . . . . . . .. .29 74 C221. .• .. ... 1.49
74C08.. . .. . ... .. .. .35 74C240. . . . . . . ... . . 1.29
74C10. •. . . . . .. . . . . .35 74C244 . .. . .. . .... 1.29
74 C 14. .. . ... . ..... .49 74C373 .. .. ..... .. 1.49
74C32. .. . . .... . .. . .3 5 74C3 74 .. . .. . . . . . . 1.49
74C74. .. .. . .59 74C912 .. . . .. .. . .. 7.95
74C85. . .. . . . . ... . . 1.39 74 C9 15. .. ..... . . . . 1.39
74C86. . .35 74C920. . . . . . .. .. . 9.9 5
74C89. . . . . . . . . . • . 5.19 74C9 2 1. . . .. . . . .... 9.95
74C90. . . . ... . . . .. . .99 74C922... • •. • .. .. . 3.9 5
74C154. .. .. . . . . . . . 2.95 74C923. . . . . . . . . . . . 3.95
74 C 173 .... ... . .. . 1.05 74C9 25. . . . .. . ... . . 5.9 5

I LINEAR I
DSOO26C N. . . . .. . . 1.95 LM1458N. . • . .. .. . .39
TL0 74CN. . •. . . . . . . .89 LM1488N.. . ... .. .. .49
TL 084CN. ... ..... .99 DSl 4C88N (CMOS) 1.19
AF1OD-ICN. .. . . . . . . 8.95 LM l 489N. . . .. .. ... .49
LM 30 7N . .. . .45 DS14C89N (CM OS) 1.19
LM 309K. . . . . . .. . 1.25 LM1496 N. . • . •. .85
LM 311 N. . .. .. . .. . . .45 M C1 648P. . • . . . .4.95
LM 317T. . . . . . . . . . .. .79 LM 18 71 N . . .. .. .... 2.9 5
LM31 8N . .. . .. . .. . . .99 LM1 872N . . . . . .. .. 2.95
LM 319N . . . . . . .... . .99 LM 1896 N-l . . . . . ... 1.59
LM 32 3K . . . .. . . . . . 3.95 Ul.N 2Q03A. ... .. . . . .99
LM324N . .. . .. .. . . . .39 XR2206. . . . . . . . . . . . 3.95
LM33 8K. .. .... .... 4.9 5 XR22 11.. .. .. .. .. . . 2.95
LM 33 9N. . .. ..... . . .39 XR2 243 ... •. .• . .. .. 1.9 5
LF3 47N .. . . . . . . . . . . 1.79 DS26LS 29CN. . . . . . . 4.49
LM348N. .. .. .. .. .. .69 DS26LS31 CN. . . .. . . 1.19
LM350T. . . . . . . .. .. . 2.95 DS26LS3 2C N. . . . .. . 1.19
LF351N . . ... .. .. . •. .39 DS2 6LS33CN. . . .. .. 1.95
LF3 53N.. .. .... . . .. .49 lM2901N. . . . . . . . . . .49
LF355N. . . . . . . .. . . . .79 LM 2907N. . . . . . . . . . 2.49
LF3 56N . . . . . .. . . . . . .79 lM2917N (8 pin). . .. 1.5 5
LF357N . . . . .. . . .. . . 1.09 MC3419C L • •.. . . . 9.9 5
LM 358N.. .... .... . .49 M C3446N . . . . . . . . . . 2.95
LM 360N. ..... . . . . . 2.19 MC3460P. • . .. . . 2.9 5
LM 361 N... .. . . . • . . 1.79 M C3 470P.. . . .... 1.9 5
LM 380N-8 . .99 M C3 471 P. .. . .. . • . . 4.9 5
LM 386N -3 . ... .. . . . .99 M C3 479P...... . . . . 4.79
LM 38 7N. ... .. . . .. . .99 M C3 486 P. . . .. . 1.69
LM 393N . .... . .39 M C3 48 7P... .... .. . 1.69
LM 399H . . .. .. .. .. . 2.9 5 LM 39OON..... . .. . . .49
LF4 11C N. .. ... .. .. .79 LM3905N . •. ..... . . 1.19
TL 497AC N . . . . . . . . . 2.69 LM3909N. . . . . . . . . . .99
NE540H (C54OH) . . ••2.95 lM3914N. .... . .. .. 1.9 5
NE555V.. . .. ... . .29 LM3916N.. . . •. .... 1.95
XR-L5 55. . .. ..... .. .75 NE5532. . . . . .. . . . . . .89
LM 556N. . . ... ... . . .49 NE5534.. . . . .. .•. .. .69

NE558N. .. .. . . . . . . .89 7805K (LM 34OK- 5) . . 1.29

LM565N. •. . . . . . .. . .99
78 12K (LM 340K- 12) . 1.29
78 15K(LM340K-15) . 1.29

LM 567V. . . . .. . .. .69 7805T (LM340T-5) . . .49
NE59 2N. . . . . . . . .89 78 12T (LM340T-12) . .49
LM741CN. . . . ... .29 78 15T (LM 340T- 15) . .49
LM 747CN . . . . .59 7905K (LM 320K-5) . . 1.3 5
M C 13 60. . . . . ...... 1.49 7905T (LM 320T-5) . . .59
M C1 3 72P... . . . . 2.49 75472. .. . .. •. .99
MC1 3 77P. . . . . . . . . . 3.19 75477.. ... .. . . 1.29
M C1 398P . .. . . . .. . . 8.95 76477...... . .. . .. . 5.95
LM14 14N.. .. .. . . . . 1.29 MC145406P... . .. .. 2.95

I IC SOCKETS I
Low Profil e Wire Wrap (Gol d) l~ #3

8pin LP. .. . . . . . . . .11 8pinWW. ... . . . .59
14 pi n LP .. . . . . . . . . .12 14 pin WW.. . . . . . . .65
16 p in LP ... .. .. .. .13 16 pin WW.. .69
24 pi n LP ... . . .. .. . 25 24 pin WW. . .. .. . . .1 .19
28 p in LP .. . . . . .... .27 28pinWW.. . . . . ... 1.39
40 pin LP . . . .. .. .29 4O pinWW. • . . . . .. . 1.89

The MM5321 is a TV camera sync generator designed to
supply the basic sync functio ns tor either colo r or mono­
chrome 525 line/60Hz interlaced and camera video recorder
applications. COLOR BURST GATE & SYNC

ALLOW STA8LE COLOR OPERATION

MM5321 N " $11 .95
INTERSIL Also Available!

Price

870 1 Clock Chip. • • • . .• 9.95
·872 1 ptA • • • • •• • • • • • 14.95
8722 MM\).. . . . • • • • • . 9.95

*251104-04 Kernal ROM • •10.95
*325572-01 l OOicArray•• 24.95
"8251OOPlA1906114-01)"' 13.95
·901225-01 Char.ROM • . . 11.95
·901226-01 BASIC ROM. •11.95
*901227-03 Kernal ROM •• 11.95
"901229.()5 UP'lrd. ROM• •15.95

'Nospec.available
··NOTE: 82S100FtA ~ U17IC-54)

P.lrt No. Price

DYNAMIC RAMS

Pert No. Price

6545-1 CllTC. . . . . • . . . 2.49
6551 1>C1A. . . .... . . • 3.29
6560 VIC·I• •• • • • • • • • • 10.95
6567 VlC·II• • • .•••• . • 14.95
6569 VIC PAL • •••• • • 14.95
6572 VICPAL·N• • • • • • . 14.95
6581 sm 14.95
8360 Text Editing. • • • . • 10.95
8501 MPU• .• . . . • • . •• 10.95
8502 MI'\J• •• • • • • • • • • 7.95
8563 CRT Cont[ • • • • • • 15.95
8564 VIC• •• • • • • •• • • 15.95

256 x 8
204 8 x8
4096 x 8
819 2 x 8
1024 x 8
2048 x 8
2048 x 8
2048 x 8
2048 x8
4096 x 8
4096 x 8
4096 x 8
4096 x 8
4096 x 8
8 192 x 8
8 192 x8
81 9 2 x 8
8 192 x 8
8 192 x8
16.384 x 8
16.384 x 8
16.384 x 8
32.768x8
32 .768 x 8
65.536x8
8192 x e
8 192 x8
256 x 4
256 x 8
32 x8

2048 x 8
1024 x 1
1024 x 1
1024 x 4
1024 x 4
1024 x4
1024 x 4
1024 x 4
102 4x 4
2 56 x4
2048 x 8
2048 x8
2048 x 8
8192 x8
8 192x8
8 192 x 8
8192 x B
1024 x4
32,768 xB

COMMODORE CHIPS

1702 A
TM 5 2 516
TMS2532
TMS2564
2708
TM527 16
27 16
2716-1
27C 16
2732
27 32A-2O
2732A-25
273 2A- 45
27C32
2764-20
2764-2 5
2764A-25
2764-45
27C64
27 128-25
27 128A-25
27C128-25
272 56-25
27C256-25
27512 -25
68 764
68 766
74$387
7454 7 1
N82S123

2016-12
2102
2102- 2L
2114N
2114 N -L
2 114 N -2
2 114N-2 L
21C14
2 149
510 1
6116 LP-2
6 116P-3
611 6LP-3
6264 P-12
62 64 LP- 12
62 64 P- 15
6254LP- 15
65 14
43256-15 L

4116-15 16,384 x 1
4128-20 (PIggyback) 13 1.072x 1
41 64-1 50 65 ,536 x 1
4 164-200 65.536 x 1
TMS441 6-12 16,384 x 4
8 118 16,384 x 1
41256-150 262,144 x 1
50464-15 65 .536 x 4

(1 SOns). . 89
(200ns). . . . . . . . . . . . . . . . . . . . . . . .. 4.49
(1SOns). . . . .. . . . . . . .. .. . . . .. . . . . • 1.15
(200ns) 95
(12005). • . • . • . • . . . . . . . . . • 425
(12Ons ). . . ..... . . . • . .. .. .. .... .. ..69
(1SOns) 2.95
(1SOns) (4464) (41 464) 4.9 5

- - - - - - - - -- STATIC RAMS --------- -
(12Ons).. . ... . . . . . . . . . . . . 1.69
(3 SOns). . . . . . . . . . . . . . . . . . . .89
(2SOns) Low Power (91 L0 2) 1.95
(4SOns). . . . . . . . . . . . . . . .99
(45Ons) Low Power. . . . . . . . . . 1.09
(200ns). . • . • . . . • . • . . . . . . . • 1.05
(200ns) Low Power 1.49
(200ns) (CMOS). . . . . . . . . . . . . . . . .. .49
(45ns). .. .. . . . . . • . . . . . . . . . . . . . . . • 4.95
(4SOns) C MOS. . . • • • . . .. .... . . . • . • 1.9 5
(12Ons) Low Power CMOS. .. . ... • . 2.95
(1SOns) CMOS 1.89
(l SOns) Low Power 1.9 5
(12Ons) CMOS 3.89
(l 2Oos) Low Power CMOS. . . . • • • . . 42 5
(1SOns) C MOS 3.59
(1SOns) Low Power C MOS. . .. 3 .75
(3SOns) CMOS (UPD444C). . 4.49
(15Ons ) Low Powe r. . . . 24 .95

- - - - - - - - - - PROMS/EPROMS ---- ------
(11'5). . . . . . . . . . • . 6.95
(4SOns) 25 V. . . . 4.95
(4SOns) 25V. . . . . 5.95
(4SOns) 25 V. . . . . 8.95
(4SOns) . . . . . . . . . . . . 4.95
(45Ons) 3 'K>ltage 9.95
(4SOns) . . • . • • • . • . • . • . . . . .. . . . • . • . 3 .75
(3SOns) 25V. . . • . . .. . . ... . .... . . . . 4 .95
(4SOns) 25V (CMOS) 6.49
(4SOns) . . . . . . . . . . . . . . . 3.95
(200ns) 21V 425
(2SOns) 21V. . . . . . • . . . . 3 .95
(4SOns) 2 1V. . 3 .75
(4SOns) 25V (CMOS) . . 6.49
(200ns) 21V. . 4 .2 5
(2SOns) 2 1V . . . 3.75
(2SOns) 12.5V. . .. . . . . . . . 425
(4SOns) 21V. • . . . . . . . . 3.49
(4SOns) 21V (CMOS). . . . . . 5.49
(2SOns) 128K 2 1V 42 5
(2SOns) 12.5V.. ..•.• .• . . . . . . .. .•.• 4.95
(2SOns) 21V (CMOS) 5.95
(2SOns) 2 56 K (12.5V) 5.95
(2SOns) 256K (CMOS) (12.5V) 8.95
(2SOns) 512K (12.5V) 19.95
(4SOns) 25V. . .. • . . • . •. ..... . . . • . 15.9 5
(3SOns) 25 V. . . . 16.95
PROM O.C_ . . . 1.29
PROM T.S_. . . • . . . . .. . . . . ... .. . . . 4.95
PROMT.S.. . . . . 2.49

Part No. Function

WD177 0 DiskCant •••• 19.95
S1-3052P 5VFI>s. Reg. 2A 5.95
6504A CPU. • . . • . . . .. 1.95
6507 CPU. . . . • • . . • . • 4.95
6508 MPUwlRAM & 110• • 8.95
6510 CPU. • • . . • . • . • . 9.95
6520 PIA. • • • • • • . • • . 1.75
6522 VIA. • • • • • • . . • • 2.95
6525 m 7.95
6526 CIA.•••• •• •• •• 14.95
6529 SII• ••• • . • . •. . . 4.95
65321 28x8RAM.I/O.nmAr 6.49

Part No. Price

MISCEllANEOUS CHIPS
Part No . Price

- D765AC.- 4.49 -
WD1 770 19.95
CDPl B02C E 4.95
2661-3 5.9 5
9216 9.9 5
lBO. lBOA,lB08 SERIES
zoo 1.25
ZBO-GTC. .. • . •. ... 1.79
ZBO-DAR T 4.95
ZBO-PlO. . . . •. . . .. . 1.79
ZBOA. .. . • . . . . . . •. 1.35
ZBOA- CTC 1.49
ZBOA- DART 4.95
ZBOA-PlO 1.49
ZBOA-SIOIO 4.95
ZBOB 2.95
ZBOB-CTC 3.49
ZBOB-PlO. • • . . • • . . . 4.29
6500/6800/68000 UK.
6502 225
65C02 (C MOS) 8.95
65 20 . .. . . . . • . • . .. 1.75
65 22 2.95
653 2 6.49
65 51. . . . . . • . . • . • . 3.29
6800 1.75
6802. . . . 3.49
68 10. . . . 1.25
6821. . ... 1.29

NEC V20 & V30 CHIPS
Replace the 8086 or 8088 in Your IBM-PC and

Pori No. Increase Its Speed by up to 40%' Price

UPD70108-5 (5MHz) V20 Chip (Replaces the 8088) . • . . • • • . . . • . . • . . $ 9.95
UPD70108-8 (8MHz) V20 Chip (Replaces the 8088-2). • • •.. . • .. . . .. $11.95
UPD70116-8 (8MHz) V30 Chip (Replaces the 8086 or 8086-2) $14.95
UPD70116-10 (10MHz) V30 Chip (Replaces the 8086 or 8086-2) $34 .95

MICROPROCESSOR COMPONENTS

.39 74F139. .

.39 74F1 57. . .

.39 74F193. •.

.39 74F240 .

.39 74 F244..

.49 74 F253. .

.59

.89 74F3 74 .

.3 5 74A LS l 38. . . . .89

.35 74A LS 17 4. . . . .89

.39 74 ALS 175. . . . . . .89

.39 74A l.S 240 1.49

.39 74 A LS 244 1.49

.39 74A LS245 1.49

.39 74Al.S373 1.69

.39 74Al.S374 1.69

.49 74A LS 573 1.69

74F

74ALS oo . . . .
74ALS02 .
74ALS04 ,
74ALS08 .
74ALS 10. .
74 ALS27 .
74ALS30 .
74 ALS32 .
74A LS 74

7400
Part No. 1·9 10+ PIIrt No. 1·9 10+

74 00.... .29 .19 7485.. . . . . .65 .55
7 402.. .. .29 .19 7486. . . . . . . . .45 .35
7404.. .. .3 5 25 7489. . . . . . . . 2.0 5 1.95
74 0 5. . . . .39 .29 7490. .49 .39
7406. .39 .29 7493..... .. .45 .35
740 7. . .39 .29 74 12 1. . . . . . .45 .35
7408. .3 5 .25 74 123. . . . . .. .59 .49
74 10 . .35 .25 7412 5. . .55 .45
7 4 14. .49 .3 9 74 126. .. . .. . .75 .6 5
741 6 . .. .45 .35 7 4 143.. . . . . . 4 .05 3.95
7417 . . . . . . . . .45 .35 74 150. . . . . . . 1.35 125
7420... .... . .35 25 741 54 . . . . . . . 1.35 125
7430... . .. .. .35 .2 5 7 4 158. . . . . . . 1.59 1.4 9
7432.. ... .. . .39 .29 74173.... . . . .85 .75
7438... . .. .. .39 .29 7 4 174.. . . . . . .65 .55
7442.... .55 .45 74175. .. .... .65 .55
7445.. •. .79 .69 7 4 176. . .. .. . .99 .89
7446. . .. .... .89 .79 74 18 1.. . . . • . 1.95 1.8 5
7 4 47. . . . .89 •79 74189. . . . . . . 2.05 1.95
7448. . . . . . . . 2.0 5 1.95 74 193. . . . . . . .79 .69
7 472. .. .75 .65 74 198. . . . . . . 1.85 1.75
7473 . .. .. .45 .3 5 7422 1. .99 .89
7474. . . .45 .35 74273. . . . . . . 2 .05 1.9 5
7475. .49 .39 74365. .69 .59
7476. .45 .35 7 43 6 7. .69 .59

74500 .29 74$188*. • •.. •. • .. . 1.29
74504. • .3 5 745189 1.69
74S08. . . . .35 7451 96 2.4 9
74$10. • . . . . .. . . . . . .29 748240 1.49
74532 .35 74$2 44 . . . . . . • . • . .. 1.49
74874 .45 745253 79
74$85. . . . . . . . 1.79 7452 87* 1.49
74586. . .. . .3 5 745288". .•..•. • . . . 1.49
745124. . . . 2.95 74$373. • . • . . . . . . .. 1.49
74517 4. . . . •.79 7453 74. 1.49
745175. . .79 748472*. . 2.95

74lSOO .29 .19 7 4LS16 5 7 5 .65
_ 74LS02.-. _ ._.29_.19 _74 LS l 66. . . . 99_.89 _

74lS04. . .35 25 74LS173 . . . . . .59 .49
741.S05. .3 5 25 74 LS 174. . . . ..49 .39
74LS06 1.09 .99 741.S175 .49 .39
74 LS07 1.09 .99 74 LS 189 4.59 4.49
74 LS08 .29 .19 74LS19 1••. • •.59 .49
74l.S10 .29 .19 74l.S193 79 .69
74 LS14 .49 .39 74 l.S 221• • . .• .00 .59
74LS 27. .35 .2 5 74LS 240. . . . . .79 .69
74LS30. . •. . . .29 .19 74 LS243 79 .69
74LS32. •. . . . .3 5 .2 5 74 l.S244 . . • . ..79 .69
74LS 42. . . . . .49 .39 74LS 245 . . . . . .89 .79
74LS47. . • . .99 .8 9 74LS259. . : . . .99 .89
74 LS 73. . .39 .29 74 LS 273. . . . . .89 .79
74LS74. . . . .. .35 .25 74 LS279. . . .. .49 .39
74LS75. . . . .. .39 .29 74LS322.• ... 4.05 3 .95
74LS76. . . . . . .55 .45 74LS365. . . . . .49 .39
74LS85. . . . . . .59 .49 74LS366. . . . . .49 .39
74LS86. . . . . . .35 .25 74LS367. . . . . .49 .39
74LS90. . . . . . .49 .39 74l.S368. . . .. .49 .39
74 l.S93. .. .. . .49 .39 74 l.S373 79 .69
74l.S123. . . . . .59 .49 74 l.S374. . . . . .79 .69
74 LS 12 5. .. . . .49 .39 74LS393. . . . ..89 .79
74LS138. . . . . .49 .39 74 LS 590. . . . . 6.05 5.95
74LS139 .49 .39 74 LS624 . . • . . 2.0 5 1.9 5
74LS l 54 1.09 .99 74LS629.. • . . 22 9 2.19
74LS 157• . . . . .45 .35 74 LS640. : 1.09 .99
74 LS1 58 45 .3 5 74 LS645 1.09 .99
74LS163 . . . . . .59 .49 74LS670 1.09 .99
74 LS l54 59 .49 74 LS688.. • •. 2.0 5 1.95

74S/PROMS·

74LS

CD4001. • .19 CD4076. . . . . . . .65
CD4008. .89 CD4081 . . . . . . . 2 5
C D4011. . . . . .19 C04082. . . . . . . 25
CD4013 . . . . . .29 CD4093. . . . . . . . . . . . .35
CD4016 . . . . . . .29 CD4094. . . . . . . . . . .. .89
CD40 17. . . . .55 1 CD4 0 103 . . . . 2.49
CD40 18 . . . .59 CD40107 .69
CD402 0. . .59 CD4503. . • . .35
CD4024. . .49 CD4510. . . . . .69
CD4027. • .3 5 CD451'. . . . . .69
CD4030. . . . .29 CD4 52 0. . . . . . .75
CD4 040. . . .65 CD4522. • . . . • . . . .79
C04049 , .29 CD4538. . . . . . . . .79
CD4050. . . . . . . . . . . .29 CD4541. . . . . . . . .69
CD40 5 1. . . . .59 CD4543. . . . • . . . . . .. .79
CD4052. . . . . . . . . . .59 CD4553 4.95
CD4053. . . . . . . . . . . . .59 CD4555. . . . . . . . . . . . .79
CD4059. . . . . . . . . 3 .95 CD4566 2.49
C04063. . . . . .. 1.95 CD4572 (MC14 572) 39
CD4006. . . . . . . . . . . .29 CD4583. . . . . . . . . . .. .89
CD4069. . . . . .25 CD4584. . . . . . . . . . . . .39
CD4 07 0. . .25 C045A 5. . ' .89
CD4 07 1. . .. .2 5 MC1441 1P . . 8.95
CD4072. . . . .2f MC1449OP 4:,49

PARTIAL LISTING· OVER 4000 COMPONENTS AND ACCESSORIES IN STOCK! • CALL FOR QUANTITY DISCOUNTS

CIRCLE 114 ON FREE INFORMATION CARD



JE864 $59.95

• 80 Col./64K RAM, Doub les
amount of data your Apple lie
can display as well as its mem­
ory capacity • Ideal lor wo rd
processi ng ' Co mp le te wit h
instructions

MUF60 $9.95
'tonn Indu stri es (4.68" SQ., 60 cfm)

SU2A1 $8.95
EG&G Perron (3.125" square, 20 elm)

DATA BOOKS

IOHNATHON FREEM AN DESIGNS

APPLE COMPATIBLE
ACCESSORIES

• Four poss ible combinations: 1) Serial to Serial, 2) Serial to
Parallel, 3) Parallel to Parallel, 4) Parallel to Serial- Cut sheet
feedin g • Soft ware selectab le output • Mode m support
• Selectable baud rates· Manual inclu ded

UB64K. " $199.95
UB256K. " . $239.95

. ..........". .....,- / IBM
.~~" .?Il ; l Compatible!

; DISK DRIVES
Documentation

Included

Teac5'!<" OS \;-Height. • • • • • $109.95
JU-455 Panason., 5Y, "os"'·Haight. •• $109.95
TM100-2 Tandon 5". " OS Full·H eight. • • • $119.95

National linear Data Book (82)•• • •• • $14.95
Intanil Data Book (86)... •. •.• • •• $ 9.95
Zilog Data Book (85) • • •• .• • • . . . . • $14.95

30032 National Linear Supp lement (84) • • • . . $ 6.95
210830 Intal Memory Handbook (86)• . • •• . • $17.95
230843 Intal M."osyslem Hndbk . Set (86) •• • • $24.95

Q.%M 'Ii'P''''''' ...rvr , ...~.'" tQlo\'

<, ~ - 1:>

Universal 64K/256K
Printer Buffer

APF-1
JE860
JE875
JE868*
JE877

• Intelligent interface to
most dot matri x graphi cs

..... . print ers

• Centr oni cs standa rd

~r" . Advanced text printing

JE880 Pa..llel Print er Ca,d ••• • • •• • $49.95
JE883 54K Buff.,. 10, JE880••••••• $69.95

Extended 80-Column
imm:J:m Card for Apple lie

Apple II, 11+ and lie
Compatible Products

Cooling Fan•••• ••• ••• $ 29.95
16K RAM Card ••• •••••• $ 39.95
Disk Cont",lI.,. Ca,d•••••• $ 49.95
128K RAM Ca,d ••••• ••• $ 99 .95

~~~~~~~~ $ 59.95
SMARTERM II 80-Col. Card • • • • $139.95
Big Board-256K 256K RAM Card $199.95
Big Board-512K 512K RAM Card $249.95
Big Board-1 M 1 Meg RAM Ca,d $299.95
'When using CP/M, the JE868 will only function with versio n
2.20 or earlier ; PASCAL (JE868) Version 1.1 or earlier.

Jameco Parallel Printer Card
1'0.0·'.1.·11..... for Apple II, 11+ and lie

ZM300 $89.95

• Auto-dial/Auto- answer • Hayes com ­
patible • Includes call progress monitor,
speaker, Zoom Communicat ions software
and manual ' Made in U.SA

PM1200B-2 withoutsoltwa'e • ••• $129.95
PM1200B-2S w/Mirror' Softwa,e...$159.95

For IBM PC, XT, AT &Compatibles
• Auto-answer/Auto-d ial • Extensive diagnostics ' Built­
in speake r/vel. co ntrol ' Auto redial on busy · Ability to
access Com-po rt 3 • Hayes compatible - 2 yr. warranty

ProModem 1200/300 Baud
Half-Card Modems

NEW PRODUCTS!
m~

ProModem 2400/1200/300
Baud Modems

For Any Computer w/RS232 Serial Port
• Hayes co mmand co mpatible· Call progress tone detect ion
, Aulo redial on busy - Interna l power supply ' Voice/data switch­
ing • Seco nd phone jack for voice handset · Auto-a nswer/A uto­
dial · Touch tone and pulse dialing· Speaker with volume cont rol
· 8 LED status light s · t - vear warra nty

PM1200G (1200 /300 baud) •••• ••• $199.95
PM2400G (240011200/300 baud) •••• $379.95

~;,.,;-----,.., ProCom-B (Communicat ion Softwa,e ••• $34.95
For IBM PC and Comp atibl es)

ffD~ ~~~~p~4~~,1~~~I~gg
Fully Compatible with the NEW APPLE II GS!

• NEW. single card version· Built-in soft­
ware in ROM· Comes with ProCom-A dis k­
based communications software · Hayes
co mpati b le · Co mpatib le wi th ProDO S

; • Auto -d ial/Auto-a nswer' Auto redi al on
~ busy ' Built -in speaker and volume co n­

trol • 2 phone jacks with exc lusion switch­
ing • 2-yea r warranty

PM1200A·2..•.. $199.95

NOW YOUCAN BUILD AN IBM PCIXT COMPAnBLE!

IBM Compatible Kit
,~--- IBM·64K(2) 64K RAM Ch;ps (18) •• $ 19.90

KB83 83-Key Keyboard • • • • $ 29.95
IBM·FCC Floppy Cont",,,.,. Card $ 39.95
IBM·Case Case• • • • • . •. . . . • $ 39.95
IBM-MCC Monoch",me Card •• $ 69.95
IBM·PS Power Supply•• • • •• • $ 69.95
FD55B Disk Drive $109.95
IBM·MON Monoch",ma Mon"", $ 99.95
IBM·MB Motharboard•• • • • •• $129.95

FREE! QUICKSOFT PC
WRITE WORD PROCESSING
SOFTWARE INCLUDED!

Regular List $609.50

IBM-Special (Includes 9 items above) •••• $549.95
ADDITIONAL ADD-ONS AVAILABLE!

IBM-KB 83-Key Keyboard $ 61).95
IBM-ENH Enhanced Keyboard $ 89.95

- IBM-ICB--lntegrated COlor Boardw/Priiiter POrt~ $ 99.95
IBM-EGA Enhanced Graphics 256K RAM $259.95
IBM-MGA Monochrome Graphics Adapter $149.95
IBM-MULTI Multifunction 0-384K RAM (without RAM) $149.95
IBM-20MBK 20MB Hard Disk Drive, Controller &Cable $449.95
EM-100 Expansion Memory Half Card (without RAM) $ 59.95
TTx..141 0 14" RGB Color Monitor.......•.... .... $299.95

IBM is a registered trademark of IBM Computers

lRS-SOMODEL 4, 4p,& 40 64K1128K EXPANSION
TR5-64K·2 $7.95
Expand s Model 4 from 16K- 64K or Model 4 (Gate Array
Versio n), 4P and 40 from 64K- 128K

TRS-64K-2PAL $14.95
Expands Model 4 (No n-Gate Array Version) from 64K to 128K

lRS-SOMODEL 100 BKEXPANSION
M1008K. $19.95 ea. or 3 for $54.95

...­
M •

' ~-,~,~.~
Erases all EPROMs. Erases up to 8 chips within 21 minutes
(1 chip in 15 minutes).Maintalnsconstantexoosuredistance
of 1". Special conductive foam liner eliminates static build-up.
Built-in safety lock to prevent UV exposure. Co mpac t - 9.00'1..
x 3.70'W x 2.60"H. Co mp lete with hold ing tray for 8 chips.

DE-4 UV-EPROM Eraser. ..• $69.95
UVS-11 EL Replacement Bulb.... $19.95

E-x"P-A-N-D TRS-80 MEMORY
All kits come complete with documentation

ZlJC:I(I:I~I~OAI~I)

TANDY 1000
Expansion Memory

Half Card

HESWARE 300 Baud Modem
For VIC-20 and C-64

• Connects direcUy to User Port· Manual Answer l
Dial • Function keys defined for convenience
• Includes Midwest Micro Associates communi­
cat ion software.
CM-1 (Fo,V1C·20andC-64)•••••• $34.95

RS232 INTERFACE
Allowsconnection of standard serialdevices.
JE232CM (ForVIe-20,e-64&e-128*) $39.95

-ocerencn 'Nith the C-128 in 64 mode only.

TANDY 1000
Multifunction
Board with

Clock Calendar
Expand the memory o n your Tandy 1000 (128K Version) to as
much as 640K. Complete with an RS232 port, c lock/calendar;
RAM Disk Printer Spooler and on-boar d DMA controller chip.

MTAN-256K Inclu des 256 K RAM• •• • • • • • • $179.95
MTAN-512K Inclu des 512K RAM••• • •• ••• $209.95

Expand the memory of your
Tandy 1000 (128K Version) to
asmuch as640K Also includes
DMA controller c hip.

TAN-EM256K Includes 256K RAM• • • • • ••• $ 99.95
TAN-EM512K Includes 512K RAM $129.95

Options forTAN·EM256K1512K
TAN-e Plug-in Cloc k option chip (only)• ••• • •• $39.95
TAN~D RAM Disk Printer Spoo ler Software (onl y) $39.95

External Power Supply
CPS-10 (ForC-54) •••• •••••••• $39.95

Parallel Printer Interface
2K Bu"e~ Expandable to 10KI

MW-350 (ForVlC-20,e.54&C-128)•••• $54.95
Input/Output Card

16-<:hannel Analog Multiplexer
MW-611 (Fore.54 and e.128)••••• $199.95

:rRS-80ITANDY'~ COMPATIBLE
ACCESSORIES

$20 Minimum Order - U.S. Funds Only California Residents: Add 6%, 6112% or 7% Sales Tax Spec. Sheets - 50¢ each
Shipping: Add 5% plus $1.50 Insurance Prices Subject to Change

Send stamped, J ®~ Send $1.00 Postage fora
self-addressed envelope ameco FREE

to receive a Quarterly VISA@ 1987 JAMECO
Sales Flyer - FREE! ~ ~:~:~:~:~:~t:~:~:~:~:~:~:~:~:tt~:~t:~:~: CATALOG

3/87 ~ .:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.: i:l1986JamecoElectronics

1355 SHOREWAY ROAD,BELMONT, CA 94002 • PHONE ORDERS WELCOME 415-592-8097 Telex: 176043
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T:=~:rt~=~::::~~":~~'7O:::f=~M;,:::.~..:~~==.:-=~~:=n~I~~-=dl: :.,n:.c~a::~;:~~'::ot;~::: SERVICE CHARGES VOLUME DISCOUNT
cNrg. w.ply.ll~end cnlU•• fl«IlO .ddf _ onlhe USA c.~endM.a.co woftendlecjp, OI' rnonev Ol'dlw KC~or~ Dog,KeyoNyahtpj,orden wonlh&nlhltconl.nenlel U S AInA. $ 0.00- $ 9.99 • • • • • • • •Add $2.00 $; 0.00 -$ 99 .99 • . • • • • • • •• • . NET
H_ u C.~ .nd M.ICO • • 10.00-'25.00 ••• •• • •• Add$O.75 • 100.OD-t249.99 •• • • • •• Le•• 10%

WHEN ORDERINGBY PHONE. CALL1 BOO 344 4539 IAK. u ll 21B6B1 6&141. BY MAIL SEND YOUR ORDER TO. DIG!KEY, PO 801 611, Tblef RIver h ils. MN 56101 • 25.OD-$49.99 • • •• • • • , Ad d $-0.50 $ 250.()O.$499 .99 • • • • • • • l ess 15'1.
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CAPACITORS
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.~
~.... Yolt . l '

1"000 lOp! 0ClQ 15
NOO:! ISpi WO 15
NOO3 " pI 500 15
~ 21 p1 we l'5
~~ rip! 500 75
NlXI6 33pf SOC .15
NOO7:n pf !iOO ,n
N(IIX .1 pf 50C .15
NO!» H pl !iOO 15
NO lO "pi 500 tol
NO l ' U pf !lOG 14
1'<1 ,00 100 1'1 500 13
"'1102 l!iOpl !iOO IJ
"'11M 110 1'1 50C U
' .'04 120 ,,1 500 IJ
""'06 27Il pf 500 13
1'<\106 Uhf 500 6J
1'.1l:n 3::lO , f 500 6.:l
1'. ' 01 .OO P! SOC 10
N lIlt !iIlOp f 500 110
Nl1 0 &lIO" f 50C 10
1'<\111 110", 500 IIC
1'<\112 l lXC1 pf 50C 1 00
1'4114 l!iOOpf 500 1 00
N 115 l lOO pf 50CI 1 31
N202 1500 pI 100 ~

1'4201 2200pf 100 ~

I'Q05 3XlO pf 100 5ll
1'4206 4100 pI 100 541
~ AOOp f 100 7Il

=:f::~ E
~ .~~"f ~ , ;:

!"MOO lO p! !iCC .73 13 .1 ,U= ::= :; :: ::~ ~ ~:
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We stock the exact parts, PC board and AC adaptor for Radio Electronics February
1987 article on building your own TRI-MOOE CABLE TV OESCRAMBLER.

#301 PARTS PACKAGE . . . . . . . . . $39.95

Incl udes all the original resistors, capacitors, diodes, potentiometers,
transistors, integrated circuits, LED's, Taka coil (E520HN-3000023)

----and- Plessey- SAW-f i lt er-(·SY323):-. --------

#302 PC BOARD . . . . . . . . . . . . . .$12.95

Original 5 X 8.8 etched & drilled silk-screen PC board used in article.

#304 AC ADAPTOR . . . . . . . . . . . .$12.95

Original (14 to 18 volt DC @ 200ma) AC adaptor used in article.

SPECIALS Add $2.50 shipping & handling - $4.50 for Canadian orders.
We also offer quantity discounts on 5 or more units.

BOTH #301 and#302 .

ALLTHREE #301, #302, and#304

FREE Reprint of Radio Electronics Article (February 1987) on bui ld ing your own
TRI-MOOE CABLE TV DESCRAMBLER.

GO-CHANNEL

CABLE CONVERTER . . . . . • • • •

SC-GOR CONVERTER

.. . $69.95

CIRCLE 65 ON FREE INFORMATION CARD

Not avai lab le to M assachu sett s resid ent s due to state law.
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P.O. BOX 800 • MANSFIELD, MA 0204~

J&(d
ELECTRoniCS,Inc•

Th ous and s of these co nve rte rs so ld nat ion all y fo r $ 119.95.
W e offer yo u th is sa me type of co nver te r fo r only $69.95 .
All co nver ters are NEW, with Ful l manu facturer's WARRANTY.
FEATURES:

• Ful l 60 Chann el Capabil ity • Cordless Infrared remote co nt rol
• Ult ra-S tab le Synt hesized tuning • Microprocessor cont ro l led PLL
• Works on all TV models. Specify channel 3 or channel 2 output.
• St andard/H RC Switch fo r co mpat ibil ity w it h all Cab le Systems
• W ill wo rk with all types of exte rna l descramblers

Add $3 .50 Sh ipping and Handli ng
$4 .50 on Canad ian Or ders

WITH INFRARED REMOTE CONTROL

ORDER TOLL FREE
1-800-227-8529
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Fig. IO-c, the unused gate could be dis­
connected from the rest of the circuit.

Last, as shown in Fig. IO-d, the two
gates could be tied together. Doing so
effectively makes the dual-gate MOSFET
act as a single-gate MOSFET.

That does it for this session. In our next
segment we' ll look at several types of spe­
cial-purpose diodes. R-E

c

aNC

TEST

measured separately. While one gate is
heing tested , the other gate can be config­
ured in one of several ways.

First, as shown in Fig. IO-a, the unused
gate could be tied to the drain.

Second, as shown in Fig. IO-b, the un­
used gate could be tied to the source, as it
would be to measure VDSS'

Third , and least desirable , as shown in

FIG. 1o-CHARACTERISTICS OF THE DUAL-GATE MOSFET vary depending on how the gates are
connected. The second gate can be connected to the drain (a), to the source (b), to nothing (e), or to the
other gate (d).

continued f rom page 90

Dual-gate MOSFET's
- There'is' one' more memberof the-FET- - - - - - ­
family that we must look at: the dual-gate
MOSFET. It's basically no different than
other FET 's, except for the additon of an
extra control gate. That extra gate is useful
for mixers, modul ators , AGe circuits,
and other applications.

All the test set-ups reviewed earlier are
applicable to dual-gate MOSFETs-with
one excep tion. Because there are two
gates, the parameters of each gate must be

practically, however, there will always be
a small amount of leakage current.

Enhancement-mode transistors, which
require a voltage on the gate before they
begin to conduct, do not have a pinchoff
voltage . It is, obviously, zero. The coun­
terpart to Vp is called the threshold gate
voltage, or VGS(TH)' The threshold volt­
age is defined as the voltage where IDjust
starts to flow; it is measured by increasing
the gate voltage until a perceptible in­
crease in drain current is noted.

Wh ic heve r term is used (V p or
VGS(TH) ' the value represents the mini­
mum operating current of the transi stor.

r------------~

Mail to : Radio-Electronics
SUBSCRIPTION DEPT., P.O. BOX 51866,

BOULDER, COLO. 80321-1866

Six weeks' notice

adjust the tuner before the tran s­
mitter is turned on .

To do so, first adjust the receiver
to the desired operating frequen­
cy, and then turn on the noise gen­
erator. You 'll hear a strong noise
from th e receiver, and the S-meter
sho u ld indicate a moderate to
strong signal. Next, tweak the an­
tenna tuner 's control s for mini­
mum noi se, as indicated by th e 5­
meter reading. When the antenna
tuner is adjusted preci sely, it s in­
put app ears to be 50 ohms, th e
same value as R1. The bridge will
be in perfect balance, so th e noise
will "null out" and the S-meter
reading will drop to its no rmal
minuscule value, or to a very low
value if th e tuner cannot be ad­
ju st ed to a preci se 50-o hm re­
sis t ive impedance. Wh en th e
tran sceiver is keyed now, it will see
the required 50-ohm load.

Naturally, yo u don't want to go
through a connect-di sconn ect
hassle every time you chan ge fre­
quency, so th e Palomar uni t con­
tains internal on-off sw itching that
controls the power from a 9-volt
battery and also bypass es the
Tuner- Tuner. . R-E

continued from page 44

Tuning the tuner
The purpose of an antenna

tuner is to convert the only-heav­
en -knows impedance of a non-

FIG. 3

standard ante nna to about 50 or 72
ohms. We'll use 50 ohms for the
sake of di scussion .

Rather than keying th e transmit­
ter and t rying to adjust the tuner
be fore the RF power ampli fier
burns out, we can use the noise
bridge show n in Fig. 3 and pre-

COMMUNICATIONS CORNER
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15 MHz Dual Trace
Portable $499

OSCILLOSCOPE

20 MHz Dual Trace s399
Includes 2 probes & schematic 0.12 40
Specifications; VERTICAL FREQUENCY & DEFLECTION - AC 10
Hz! DC to 202 MHz; 5m V to 20V/ div on 12 ranges in 1~2 · 5 step (.
3d8) 28 MHz (-6d8) • 17.5 nsec RISETIME . 396OVERSHOOT .
MODES CH1, CH2, DUAL AOD X-Y • INPUT IMPEOAN CE ­
1MI20pF±3pF. M AX INPUT - 600V p-p 0' 300VDC + peak AC •
CHOP FREQUENCY- 200kHz. CHANNEL SEP- 160 dB of 1 kHz.
TIME BASE · Auto or tri ggered • SW EEPTIM E- 0.2 to O.5 secldiv
• TRIGGERING - Sens itivity: ln t < 1 div/ Ext. < 1V pop.

35 MHz Dual Trace s599
0.12 41

W ith high brightness CRT; include s 2 probes & schematic
Specifications: NORM AL. AUTO. & SINGLE sweep modes with 5x
mag. (±1 0 96) • TIME BASE -0 .1 us - 0 .5 s1div (±396); 2 1 ranges .
396. LINE ARITY Delayed tri gger: INTEN 'D: Delay. tim e become
dimlDELAYD; swee p starts at tim e delayed. Delayed time: 10 msec
to 1 usec e TRIGGERING- Sensiti vit y: tnt, < 1 Div/Ext <l OOmV p-p
lor 1OMH z, <0 .2V p-p l or 35 MH z; Source: INT (CH-A. CH-B.AL1) .
L1NE.EXT. 1/1 0 EXT TV LINE. FRAME ).

50 MHz Dual Trace

Portabil ity & perf orm ance make th is 'sco pe ideal for field service
maintenance of telecommunication computer, marine, airborne,industrial
& other equipment It offe rs 2 m V/DIV sensitivity, automatic selection of
chopped or alternate mod e, auto matic selectio n of TV line or frame
display, and choice of DC. battery, or AC line operatio n (2 hrs.
continous ni-cad batt ery operatio n). Comes w ith two probes and
schemat ic. -- - ----
Spec ifications: VERTICA L DEFLECTION DC: to 15 MH z(- 3d8 ) / AC:
10Hz to 15MHz (-3 dB); 24 nsec risetim e; <396 overshot: input
impedance 1M ohm shunted by 20pF ±3pF • TIME BASE - auto &
tri ggered; 0.5 usee to 0 .5 sec swee p . TRIGGERING ~ Int.: 1 DIV or
more/E xt. 1V p-p; 20Hz to 15MHz • HORIZ. OEFLECT - DC to 1
Mllz; inp ut impedance 1 M ohm shunted by 20 pF ± 3 pF • Approx.
10 Ibs.. 4.5· ·H x 8K·W x 12 y.-·D.

s899
0.124 3

A premium scope for computer & general purpose wo rk..It has a high
grade CRT for a full 1Ocm x8 int ernal graticu le, and comes complete
w ith 2 probe s and schematic.
Specifications: VERTICAL FREQUENCY & DEFLECTION- DC: DC to

~a~~~~n(i:~~~~~~~~0~m~~~_H7z}-~~~t~~~:~~0~~~d~oD1g
- CH-A. CH-8 . DUAL . ADD. x-y . INPUT IMPED ANCE: 1m/20pF±
3pF. MAX INPUT -60 0 V p-p or 30 0V (DC + AC peak) • CHOP
FREQUENCY· 200KHz. CHANNEL SEP-± 70dB ol 1 KHz. TIME
BASE -Auto or trig gered (in Auto mode, t race is on w ithout input
signal) • SWEEP TIME - 0 .2 to 0 .5 secldiv on 20 ranges in 1-2- 5
step; xS mag. • TRIGGERING- sensit ivity : Int. 1 div, or morel Ext. 1V
popor more; Sour ce: Int CH1 , CH2 / Ext. Pos-Neg, pull fo r Auot range
• CALIBRATIDN - 0. 5V p-p ±596 . Power-1 20 V ±1 0 96; 50 / 60H z
.21.6 Ibs. • 5.7""H x 11 ·W 16 .6 ··D.

$5995

T-2000

$795
0.1410

FREE BOOK with a n y osc illoscope!
Knowing Your Oscittoscope 192pp. 18·2003) $11.115 ". Iuer ~
Great in troduction to the use of oscilloscopes. Off~r ~xpir~s 3/ 3 1/8 7

CIRCLE 95 ON FREE INFORMATION CARD .

DlCK@sMITH ~
!~~

To receive your copy of our colorful 148 page catalog, circle Reader service

..... ....
Prepaid. Credit Card Orders Only

Mon - Fri 10a ,m,.6p.m, Pacific Time

In California call 415-36l1-1066

NOTE: Tht!s ~ t ips f it both T·2200 IJnd T· 2000 so/dt!ring suttions!

Stores in 8ERKELEY,CA (4/ 5) 486 -0755: REDWOOD CITY, CA(4/ 5)
368 -8844 : SANJOSE. CA(408) 24 / -2266

Ver satile probe suits virtua lly any ' scope, It featur es buil t in xl /x l 0
switch, 4 ' of SHIELDED cable with BNC connector. and wande ring
earth lead w ith alliga to r cl ip, insulating shrou d.
Specl1lcatton: Wor king voItage - 600 V Pk (or 600 V Dq. 8andwidth·
xl: DC-lOMHzlzl0: DC- l00MHz. input restste-ce-xtt M ohmlx lO:
10M ohm . Input capacitance -xl: 40pF + CRO input c/x l 0 : 10·
60pF . REF posit ion -probe ground ed via 9 M resistor.

Values fr om 5 ohm s to 1M ohm in
36 steps usin g most common divi­
sions. 2!tl " de, easyto read. Includes
leads and insul ated alligator clips.
M aximum pow er .25W.

Resistance Substitution Wheel

For hobby ist or technici an: temperature-co ntro lled stat ion with full y
adjustable heat up to 900°F (temp readout in both °C and OF)! UL
list ed, grounded tip. heat- sensinq for instant compensation. Ideal for
anything from fine track PCB's to produ ction w ork!

3.5 Digit MM
with Temp sensor
A w hole wo rkshop in a handy port able
muttimeter. Easy-t o-read LCD displ ays
volt s. curre nt imped ance. capacitance.
conductance, and temperature, Includes
transistor. diode, & continu ity tests and
overload protect ion on all ranges. Comes
w ith probes and battery . Indudes leads
plu s tempe rature sensor .

=~~~~'O'OgSV.- ;~~ge~a~~:'
from 200 mV t0 7 50 V . DC/ACamps­
6 rangeslrom 200 uAto 1OA. Resistance
-6 ranges from 200 ohm to 20M ohm
• Capacitance - 3 range s from 2000pF
to 20u • Condu ctance .y dis play x
10000M ohm . Temperature-OF to
20 00 F.

All the norm al DMM ranges PLUS 5 cap
ch ecking ranges. 2 conductance ranges.
& diode check. High eccurecv t ±0.25 96
on DCV)and high im pedance (10M ohm);
overload protect ion & auto matic pol arit y.
Perfect for design er or hobb yist.

CLOSEOUTI Limited S tock !

save $501
Offer goo d from 2/1/8 7 - 3/31/87

$9995
0.1512

R. g 189.95

$3995
0.1 460

Eco~omyDigital IEQQQJI
~~r~~I~~!~~d pro- $21 95 - '"".. ..
tection & diod e ch eck! 0-1 440
Comes with probes and batte ry.

SpeclflcaHons: DCV -0 .20,100 .200V
• ACV -0 .200.500V IRMS) • DC
cu rrent -0. 2,20. 200 mA . Resistance­
0. 2K. 20 K.200K, 2M ohms . 200
hour battery lif e.

R-E Reader's Special
I I LCD Multimeter

Capacitance Checker

Get First Class Bench Equipmen t! ~

~

~

~

~

~

~

~

~

We ship UPS Ground unless otherwise requested. Add 5% of ord er tot al (min
$ 1.50 ) for ship pin g. Outsid e USA and 2096 (min $ 4 ). There is an add itional
$ 1.5 0 handling fee. Calif orni a residents please add sales tax. VISA and
MASTERCARD welc ome.

Thi s versat ile instrument is su itable for use in general elect ronic baProcfkeeSSdiobnay 01urae,ek·xmoCIUuSn,.vteing2stm8tioOOnthWlw·tharerxacentlyle.nCthdeecskol,.de
t

oruin
t
?facilities.

maint enance prod uction and laboratory. It features 0.05 % DCV l 1
accuracy, int egrated circuit elect ronics. solid-state LCD displa y,and Sok:lering features: Adjustable temperature-controll ed iron (light
push-button sw itch select ion. Other teet u-es inclu de: DC volt age, AC we ight for fati gue-free wo rk); grounded tip ; LED bar graph of tip
voltag e, DC current. AC curr ent. resistance. di ode test. cont inuity test, temp eratur e; LEO " heating" indicator; lockable cont rol knob: fast
full a uto-pola rity cpe ratson overrange indication dual slope mteqrato n, pre-heat & tight temperature control.
easy calibration (1 year stability]. and 6000 cont inuous hours batt ery De:-lOlderlng.: Rapi~. ..damage-fr ee" d~soldering of any size joint;
ope ratio n. Comes wi th8robes. adjust able ~esolden~g te.m~~r~tu~e with. LED barqraph readout
Speclf~a.tlons: DCY-l uY t_o 1OOOY inS ranges ~ith ± (O.OS96+2 ground ed np: LED . he~tlng indc ator, fingertip control vacuum
dig it sf ac curacY:-l0M ohm inpufimpeda nce onallran~es except- gauge; fi ltered vacc um tine: easy to clea n.

ir~~~~"5%n}1~~0~~~%'.?36),t~ci~~~~ i~ ~:~~fe~ ::::: h ~~ouo~'1. Iron-cla~, Nickel-plated Accessory Tips
except 11 M ohm on 2V. DC current-l OnAto 10 Ain6 ranges with Desolderlna Tips $4.95 each
accuracy l rom ±(0.0596+10) to ±( 296+1OJ • AC current -1 OnA to 1116·· (T-2201") , 3/3 2·· (T-2202). 1/8 ·· (T-2203)

~~~~t~~c~~~o:~~~c~~r~oY6r~::: ~(~;an~e:l~i\~Oa~~~~~\?o: Soldering Tips $2,50 each
±(0 .0296+ 20) to ±( 296+2) • Size -8A··W x l 004·· H x 3.9 ··D. Fine Wed ge 1/32 ·· (T·2204),Mediumconical 1/32 '"(T-2205). Fine
Weight -67 oz. Conical 1164'"(T-n06), Medium Wed ge 1116·· (T-2207), Wed ge

1~~~ .(j1.~~~b)LOng Nose Wedg e 3/64·· (T-2 209). Short Wedge

4.5 Digit Portable/ $ 10.10
9

Bench Multimeter

MAIL ORDERS
DSE, P.O. BOX 8021, Redwood City, CA 94063

••••••-Order Toll Free
1-S00-332-5373
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OVER 1000 ITEMS IN STOCK! THE BUILDER'S STORE!

(7) Keyboard. Originally for "C-64" com­
puter. 66 sculpted keys in QWERTY format.
Use for replacement , spare, upgr ading
membran e or "chiclet" keyboards. 11"
lead, 18·positi on connector. With sche-
matic. N277·1027 4.95
(8) Videog ame Controller. Get a spare!
Hand-held control for Oolecovisiorr" , Atar i'
games and Adam~ computer. Has 10-key
membrane pad, jcystick, and two side­
mounted pushbuttons. Coiled cord has 9­
pin " D" connector. Hurry!
N270-1710 1.99

Ohms Cat. No. Ohms Cat. No. Ohms Cat. No. Ohms Cat. No.

47k 271·1342
10 271·1301 330 271-1315 ·4.7k 271-1330

100k 271-1347
100 271-1311 470 271-1317 10k 271-1335 220k 271-1350

150 271-1312 1k 271-1321 15k 271-1337 470k 271-1354
220 271·1313 2.2k 271-1325 22k 271·1339 1 meg 271·1356
270 271·1314 3.3k 271-1328 33k 271-1341 10 meg 271-1365

Lighting Values Special purchases
(5) (6) (7)

(5) Floating Lantern. Projects Y. mile
beam! Great value for fishermen, boaters,
home owners. Requires 6-volt lantern bat-
tery. N61-2520 3.99
(6) Hands -Free Headlight. Perfect for
car repairs, night fishing, elect ronic work.
Comlo rtable, adjustable elastic head­
band. Requires 2 " AA" batteries.
N61-2510 3.99

Electrolytic Capacitors
Low As

49e;
Axial Types Each Radial Types

~F WVDC Cat. No. Each ~F WVDC Cat. No. Each

4.7 35 272-1012 .49 220 16 272-956 .79
10 35 272-1013 .59 470 16 272-957 .89
22 35 272-1014 .69 1000 16 272-958 .99
47 35 272-1015 .69 4.7 35 272-1024 .49

100 35 272-1016 .79 10 35 272-1025 .59
220 35 272-1017 .89 22 35 272·1026 .69
470 35 272·1018 .99 47 35 272·1027 .69

1000 35 272·1019 1.59 100 35 272-1028 .79

2200 35 272-1020 2.49 220 35 272-1029 .89
4700 35 272-1022 3.59 470 35 272-1030 .99
1000 50 272-1047 1.99 1000 35 272-1032 1.59
2200 50 272-1048 3.49 100 50 272-1044 .89

---- _1/~ watt, 5% Resistors

39e;-

(1) 0-15 VDC Panel Voltmeter. Ideal for
monitoring car electrical system or a
power supply. N270-1754 7.95
(2) AC Circuit Breaker. Rated 2 amps,
120 VAC. N270-131O 1.69
(3) Panel-Mount Fuse Holder. For
W. x V." fuses. N270-365 9ge
(4) Thermal Fuses. Used as protector in
many coffee-makers and appliances.
139°C. N270-1320' 7ge
226°C. #270-1321 7ge

--
Resistor Kits

Yo-Watt 5% Carbon Film. Set of 100 with
13 popular values. 10 ohms to one meg.
#271-311 Set 01100/1.98
y, -Watt 1% Precision Metal Film . 50­
piece set with 12 popular values, 10ohms
to one meg. N271-309 . . Set 01 50/2 .49
14-Watt 5% Carbon . 100-piece set with 13
popular values, 10 ohms to one meg .
N271-308 Set 01100/2.79
14-Walt 5% Carbon Film. Jumbo 500­
piece set with 54 popular values, 10ohms
to 10 megs. N271·312 . . Set 01 500/7 .95
y, -Watt 10% Carbon . 100-piece set with
21 popular values, 100 ohms to one me-
gohm. N271-306 Set 01100/2 ,79

project Fi~ishers
(1) (2)

271·218
271·219
271·220
271·229

271-226
271·227
271-217

Cat. No.

500
1k
5k

Ohms

10k
50k
lOOk

1 meg

Rated 6 amps at 125
VAC. V." mtg. hole.

SPOT. N275-662 2.59
DPDT. N275-663 2.89
DPDT c ent er-ott, N275-664 2.99
3PDT. N275-661 3.49

SPOT 12-volt
Mini Relay

SPECIAL PURCHASE

Mini Toggle
switches

Disc Capacitors Tantalum Capacitors
Low As D Low As39e;

7 49e;
Pkg. of 2 . • Ie Pin Spac ing

Each • 20% Tolerance
pF WVDC Cat. No. 2·Pack
4.7 50 272-120 .39

Cat. No.47 50 272-121 .39 ~F WVDC Each

100 50 272-123 .39 0.1 35 272·1432 .49
20 50 272-124 .39
70 50 272-125 .39 0.47 35 272-1433 .49

~F WVDC Cat. No. 2-Pack 1.0 35 272-1434 .49

.001 500 272-126 .49
2.2 35 272-1435 .59.0047 500 272-130 .49

.01 500 272·131 .49 10 16 272-1436 .69

.047 50 272·134 .49
22 16 272-1437 .89.1 50 272-135 .49

Fits .100"-spaced boards. 12 VDC, 200­
ohm coil. Contacts: 5 amps at 125 VAC.
V. x 5fo x 15h." . N275·227 1.99

PC-Board pots
• ~ Watt 5"9~
• 260 Rotation Each

Popular "standup" potentiometers
for set-and-forget resistance jobs.

Reg. .49.95

Our Best
Analog YOM!

A teatu re-p acked , professiona l·
grade instrument at 40% savings. if
you hurry! 21switch-selected ranges,
30,000 ohms-per-volt sensitivity, big
5" scale, timesaving "bee p" continuo
ity function. With leads and manual.
Batteries extra. #22·210

Multitester Salel

Save
$20

ltadl8 IhaeK
A DiV iSION OF TANDY CORPORATION

Prices apply at participating Radio Shack stores and dealers

Infrared LEOs

Many uses in light wave communi­
cations, electrical isolation, robotics
and model railroading layouts.
TIL906·1. High-output infrared (IR)
LED. #276·143 1.49
TIL414. IR photo transistor. High­
speed NPN. 50 mW.
#276-145 B9e;
IR Pair. Includes LED emitter, photo
transistor detector.
#276·142 Pair 1.99

Include
Pin-Out

And Specs

Cat. No. Each

276-1723 1.19

276-1728 1.49

'Type

555 (Single)

556 (Dual)

4164 64K Dynam ic RAM.
N276-2506 3.95
256K Dynam ic RAM. N276-1252 .. 6.95
64K UV EPROM. N276-1251 6.95
TLC555 Time r. High-performance CMOS
timer. #276-1718 . . '.' 1.39
TLC556 Dual Timer. N276-1704 1.59
Bipolar Timers.

Memory & Timer ICs

Include
Pin-Out

And Specs

Over 1000 Items in stock: Binding posts, Books, Breadboards, Buzzers, Capacitors,
Chokes, Clips, Coax, Connectors, Fuses , Hardware, ICs, Jacks, Knobs, Lamps,
Multitesters, PC Boards, Plugs, Rectifiers, Relays, Resistors, Switches, Tools,
Transformers, Transistors, Wire, Zeners, morel

741 Op Amp. Industr y-standard work-
horse. 8-pin DIP. N276-007 rse
1458 Dual Op Amp. 8-pin DIP.
N276-038 .' 9ge
LM324 Quad Op Amp .
14-pin DIP. #276-1711 1.29
TL082 Dual BiFET Op Amp . Low-noise,
high-Z input. 8-pin. *276-1715 1.89
LM339 Quad Comp arator. 4 comparators
in 14-pin DIP. N276-1712 9ge
LM567 Tone Detector. For Touch-Tone,
remote control and FSK decoding. 8-pin
DIP. #276-1721 1.99

Op AmpS and More

enoz
o
a:
b
w
...J
W

o
is«
a:
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~\fr;q<1 <tU
$1.75 each

j~ / II Pi'-~ ~'D/
10 for $15.00

220 Vac
COOLING FA N
ROTAON. ~. ,MX77A3 .c- I <I
Mullin XL v~r,.'"
220 Vac ,. /.'
4 118" square '. ~.....!
metal frame fan --

CA T# CF-22 0 $6.50 ea
10 lor $60.00/ 100 lor $SOO 00
QUANTITIES AVAILABLE

Stancor I; TIPC-8 or
Tnad II TY-304 P
600 ohms C,1.
to 600 ohm s c.t.
p.e board mount
3/4 ")( 5/8 " x 3/4"
CAT - TCT X $ 1 • 2 5

TELEPHONE
COUPLING
TRANSFORMER

Cherr) elect. # E-21 N O or N C
O.1Acontacts SUitable for alarms
and other low energy crrcutts
1 Y, ~ lever.

4seEACH 10FOR54.20

XENON FLASH TUBE

~

3/4" long X 1/8" dia , Flash
tube designed for use in
compact camera flash units.

~~~,;°Fir.ir i ~el~~ r~i .00

WALL
TRANSFORMER ,

11 .5Vd~. -W~
1.95 . ~ ,,~,'/

Amp. ~:.

INPUT : 120 Vac. \
- SIZE:-3 -3/4" X .

2 7/8" X 2 5/8"

CAT # DCTX-11519
56_50 each

D.RS .T. LIGHTED
ROCKER SWITCH

"5 'lac lighted rocker. /

~~.a~~~~~~~~n tJ·:.v:.--.
Orange lens ' 6 amp

s~~;gct ~ . .
MINI-PUSH BUTTON

~:~aiiy~~~;ntary~
1:", bushing 35«:eac h
Redbutto~ . 10 tor $3 .00

~

~~NAP ACTION
~V SWITCH

POLARITY . SWITCH

31f:l' SPEAKER

~
BOhm
Impedance.

f..( 1.:i Full rang.e
.... ". speaker
':'" 8 oz magnet

4- diagonal
mounting centers.

S2.50 each 10 tor 520.00

PHOTO-FLASH

CAPACITOR~~~(~ r-
170 ml 330'1 ~", ::> ,

7Sc e a . I '1;' ~ .. . J
CAH PPC-170 lr,

400 mt 330v '-i -
CATN PPC.400 1.00 ea.

BOOml 330v
CAH PPC-BOO 1.35 ea.

SPRING LEVER
TERMINALS

TwOcolor tEo
coded • +

~~~r;;;~~~~'?~a . Ci li .-
33,~ ' bakelite ••
plate.
Great for speaker enclosures or
powe r supplies .

75¢ EACH 10 for $6.00

S.RD.T. ~(on-o ff -on)
P.C. sty le
non-th readed
bushing un
75t each IL'!'
10 tor $7.00

STANDARD JUMBO
DIFFUSED T 1-3/4

RED 10tor 51.50 ~100 tor $13.00

GREEN 10 tor $2. 00
100 for $17.00

YELLOW 10 tor $2.00

~
'~ FL~;~;~1~~~

5 volt operation
red Jumbo T P ..
size $1.00 eac h

NEW GREEN FLASHER
CAT # LED-4G $1.00

BI.POLAR lum~~;r ~3111}~ e

LED HOLDERS
Two piece holder S @
for Jumbo LED
10 tor 65«: 100 tor 55. 00

CLEAR CLlPLITE
L ED HOLDER

Make LED a fancy Q
Indicator Clear ? ' •
4 tor $1.00 . -

MINIATURE TOGGLE SWITCHES

S.RD.T. ALL~ARE RA~~~.~MP~S@ 125~~~D.T. ~
(on-on) (on-on) (on-oft-on)
P.C. sty le So lder lug Solder lug
non -threaded terminals . terminals
bushing. ~~:; $1.00 eac h $1.00 each
75Ceach ..- 10 tor $9.00 . 10 for $9 00
10fo, $7.00 mr 10010'580.00 100tor $80.00

S.RD.T. ' D.RD.T. ,(on-on) . (on-on)
P.C. lugs Solder lug
threaded ~ terminals
bushing . -xz: $2.00 each
$1.00 each 10tor $19.00 "Q' J
10 tor $9 .00 100 tor $180.00
100 tor $80 .00

CAT " RDPS
Designed to control an

exte rna l coaxia l relay on
a satell ite TV system. IDEAL FOR

THE EXPERIMENTOR AS PARTS. Heavy
chassis box containing a 5 Vdc relay.

CA 358 op amp and other parts.

Will charge 4·AA, C, D, or AAA
ni-cads or one 9 volt m-ead at
one t tme. .
$11.00 per charger

13 VDC RELAY ,

foOa~~~~koS,:~C
Enerqize COil to
open con tact . . .
COIL: 13vdc650ohms

SPECIAL PRICE $1.00 ea ch

4PDT RELAY ' _ ,

1~~~~~~~~s· : " , ~
USED but fully

tested ... .$1.70each I-~:-:- -------T""-_="::":::_:~-----..
~~;~f~i~~~~~~~~~;~red
LARGE QUANTITIES AVAILABLE

SOCKETS FOR KHRELAY
75t each

UNIVERSAL CHARGER

~'1.

RELAYS
10 AMP SOLID STATE

CONTROL, 3 - 32 ' de r~
LOAD: 140 'lac 10 amp\~n~
S IZE: 2\7" x~N x 'll" "'-k~L I

$9 .50 EACH 10 FOR $90.00

ULTRA-MINIATURE
5VDCRELAY

FUjitsu /I
FBR211NEDOOSM20~

~~rL~elnig~~~s ~
CON TACTS : 1 amp
Mounts In 14 Din DIP socke t
$1.25 ea ch 10 for $10.00

MINIATURE
6VDCRELAY

Aromat Il RSD-6V~
Super Small ~"
S.P.D.T. relay
GOld colbatt
con tacts rated .
1 amp @ 30 voc. Highly sensitive.
TTL direct dnv e possible. 120 ohm

co il.
Ope rate from 4.3 - 6 vee.
COIL: 120 0hms Sl. 50elch
13/" x u/ J 2 ' X1/,,· 10 for $13.50

TOLL FREE ORDERS ONLY QUANTITIES LIMITED
1-800-826-5432 MINIMUM ORDER $10.00
(ORDER ONLY) USA: $3 .00 SHIPPING
(IN CALIFORNIA: 1-800-258-6666) FOREIGN ORDERS:
ALASKA, HAWAII. INCLUDING SUFFICIENT
OR INFORMATION SHIPPING
(213) 380-8000 NO C.O.DJ CALIF. RES. ADD 6 '1. %

$20.00 each

527.50 each

r.'!ieJ
~

S .P.S.T.
TOGGLESWITCH

CARLING (on 011)
S PST t~glil!

' .... ucn
RATED 10 .mp

_ (, 125 V.C

' -'®.':.~~II pinto<: bodl
_~ 't.1Id togg le

a.'--;R} ) CAT /I STC·1

.j~ 1 0S:~~S :'50
100 lo r $1.50

LAAGE QUANTITIES

These are so lid stale . fu lly regulated 13 .8 'Ide
power supplies Bot h feature 100°0 solid stal e
construction . fuse protection. and L E,D. power
Ind icator. U,L. listed

3 amp con stant ,S amp surge

2 amp cons ta nt, 4 amp surge

ptasnc transisto r

PN3569 T092 N P.N

100 lor $8.00
100010' $60.00

LARGEQUANTITI ES
AVAILAB LE

Commodore Mode l " 1520
Four color X-V plotter . Standard VIC
senar Interlace allows easy con nection
to Commodore 64 computers . Up to 80
characters per line (upper and lower case )
In four sizes.

CAT ' COM-1520 549_95 eaeh
EXTRA pen sets $ 1 . 5 ~ per set.

• SPECIAL PRICE.·
TRANSISTOR

c. r . s. KOllt L U307'

Ii" LOUll~'ILAUI\. .

Ii OKKli Cll lL
l.OOI' t RllT t KACJU:T
T'tPI CAL 1I 5 . 0 IlS t ItAKl;il ,
100 -10 ,000 Ill.

'o .... u IlATIII C I~ WATTS MAX.

.~UL..U..:.lli.
,~.~ of Ii $iLOO

~ ~ ' COl . ' $2.)~ ~~" I .

13.8VDCREGULATED POWER SUPPLY

TI SWITCHING POWER SUPPLY./

8 OHMS 15 WATTS

EXTRA SPECIAL
VALUE

SPECIALS
1 AMP 50 VOLT DIODES
IN40 0 1 TAPE AND REEL
100 10' $4.50
1000 10' $30.00

NEW T.I.KEYBOARDS. QliginaJly

~:~di~c~~~~~&pt .~~f.~~~~=
anical switches . Terminates to
15 pin connector. Frame 4" x 9"

$ 3.5 0 each
SPECI AL

CAT # KP-48 10 for $30.00

COMPUTER n
GRADEI=======t CAPACITORS

2,000 mid . 200 Vdc
1314", S" high $20U
6, 400 mf d . 60 Vd c
1 31B" x 3 3/4" high $2.50
9,700 mid . 50 Vdc
1 3f8" x 4 112"high $3 00
31 ,000 mid. 15 Vdc
1 3/4" x 4" high $250
50,000 mid. 40 vee
3" x5 3/4" hlch $4,50
60 ,000 mid. 40 Vdc
3",S"h;gh $3SO
66,000 mId. 15 Vde
3 "x 3 high $3.00
B6,000 mId. 30 Vde
3-' 5 114" Ngh $3.50

®~ .ee ~Wl~©~/!\o'®

5,500 mtd. 30 Vdc
, 3/8" x 31 /2" high $1.00
5.900 mid . 30 Vdc
1 3/8" x 2 1/4" ,high $1.00
9,300 mid . 50 Vdc
2" x4 1/2" high $1.00
18 ,000 mtd. 10 Vdc
131B", 2SIB"high $100
48,000 mid. 10 Vdc
21 /2" x 3 1/4" high $1,00
100 ,000 mId . 10 Vdc
2 112" x 6"high $1.00
185,0 00 mid. 6 Vdc
2 112",4112" high $1.00

$3. 00
$ 1. 75

$ 2.00
$3.00
$4.00
$4.85
$7.00

$2 .0 0
$2 .50
$4.85
$6.75
$9.50

$11.00

4 tor $1.00
3 tor $1.00
4 for $1.00
3 tor $1.00
3 tor $1.00

51.50
$1.00
$1.00

75'
7S'

FUSES r:r---:--:J

120 volt
pnmenes

TRANSISTORS

3AG(AGC) SIZE
i.r». 2, 2V,. 3, 4, S,6 AMP
GMASIZE ~
1.2, 3.4, SAMP
5 of any ONE amperage 75 ¢

TRANSFORMERS

8

2N706
2N2222A
PN2222A
2N2904
2N2905
MJ2955
2N3055
PMD10K40
TIP121
TIP125

5.6 volt s (jl 750 ma.
6.3 vctt ([t 600 ma .
12 V.C.T. ijJ 200 ma .
12 V.C.T. (it 400 ma .
12 V.C.T. ((l 1 a mp
12 V.C.T. (il 2 a mp
12 V.C.T. (jl 4 am p
18 vo lts (jl 650 ma .
24 V.C.T. (j, 200 me.
24 V.C.T. til 1 a mp
2 4 V.C.T. Ifl 2 a mp
24 V.C.T. til 3 a mp
24 V.C.T. (jl 4 a mp

ALL ARE 1.56 - SPACING.

WALL
TRANSFORMERS

all P l ugd ireet~yinto 120 'l ac
out let ' , 0f;t

• o.
. ,"

4VDC@70 ma. $2.00

6 VAC @500ma. $3.S0 t-:::::-::::::==::-::==-==::::::::-:=~~i-"':"":"'::":~~£=::::'_j6 VDe @ 750 mao $4.50

~2v~~A~ ~g:sa';' a. n:gg RECHARGEABLE
188~:~:~ ~~~~:~~ $3.5 0 NI-CADBATTERIES
24VAC@ 250ma. $3.00 ~ ~=-:;:\
MULTI -VoLTAGE @500ma. :"~.~.:. ! ~ ~
3,4112,6,7112 ,9 or 12 VDe $7.50

~
d. )::: MINI-BOX AAASIZE 1.25V 500mAH$1.85
~) AA SIZE 1.25V 500mAH $1.85

, \ Pomona # 2104. 1--.:....:::::::. r- -l~ASiz~ SO lld ~V~~oomA H ~~ : gg
"-., .. ) $1.00 EACH SUB- C SIZE scree- tab $3.50
~Heavy-duty black 0 SIZE 1.2V 1200mAH $3. 50

phenol ic project box with cover and
screws. 2¥t~ X 1 Y.z ~ X 1V::z ~

~ MAIL ORDERS TO:
LOS ANGELES, CA STORE P.O. BOX 20406
905 S. Vermont Ave. Los Angeles. CA 90006
213 380 -8000

VAN NUYS. CA STORE TWX" 5101010163 ALL ELECTRONIC
6228 Sepulveda Blvd .
818 997-1806 EASYLINK MBX " 628Bn48

~EE=::;~;;~;:-~
22 EDGE CONNECTOR $1.25 ea t---~~~~-~--T"~~~~-~"""""'~;;"-~..-------+=;-:::::::,::-::::-:-::-:-:--T'"---_":':''::''::'':::=--I
solder lug st yle 10 for $11.00

22/44 EDGE CONNECTOR
$2 .00 ea P.C, style 1010r $18 .00

22/44 EDGE CONNECTOR
so lde r lug style $2 .50 each

28/S6EDGE CONNECTOR
_$.2., 5~. ~C . sty..le= = = =-_I SOLDER TAIL I.C.

36/72EDGE CONNECTOR -2-4-P-' N-SOCKET~-IO-' $-2- .-50- .--------=:::-"'T-----------!
P.C. style $3.00 ea ch 100 for $2 2 .00

43/B6EDGE CONNECTOR 100010' $200.00
PC. stvre $4.50 e ach
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INTEGRATED CIRCUITS
DRAMS

4164-150NS $ .89 41256-150NS $2.45

EPROMS
2716-450NS $2.95 2764-250NS 3.75
2764-450NS 3.00 27256-3OONS 6.75

TTL LOGIC
74lS00 SERIES 74S SERIES
74lS00 s .12 74S08 s .35
74lS02 .12 74S51 .20
74lS04 .12 74S64 .30
74lS09 .12 74S138 .50
74lS14 .25 74F SERIES
74lS107 .25 74F151 .95

- 74l S153 .29- 74FI58 .95-
74lS155 .39 7400 SERIES
74lS155 .39 7408 .20
74lS156 .39 7411 .25
74l S158 .25 7453 .20
74lS163 .30 74199 .15
74l S241 .49

MISC,
MSM5832(clock chip) $1.49
W02413M-03 (FOCI 2.49
F01797A-02 IFOC) 2.49
lF347 (Bi-Fetl 1.29
MC10231 (10K ECl Dual Flip-Flop) .49
MC1 489 .39

MICROS
8087-3 (5mHzl $125.00
80287 (6mHz) 165.00
8749-H 7.95
Z80A OMA 3.00
Z80B CPU 4.00

ELECTROLYTIC
CAPACITORS

5 for 99¢
10,000 mf @ 35v

2" (ht.l x 1" (diameter)

PCB's
$3.95 ea.

Surplus boards loaded with
MANY components!

PC/XT COMPATIBLE
SYSTEM BOARD

$115.00
640KB WiD Bios & Ram

408/446-4949

en TOLL FREEoz 800/621-0854 ext. 245
0
a:
I-o PRICES SUBJECT TO CHANGEw
...J $25 MIN. ORDERw

Z0
is«
a:
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OR VISIT OUR RETAIL STORE
1256 SOUTH BASCOM AVE.

SAN JOSE, CA. (408) 947-8881
CIRCLE 59 ON FREE INFORMATION CARD

Autofanging. pen style design for the ultimate in portability and
ease of use. Custom BO pin LSI chip increeses reliability. Audible
continuity tester and data hold feature for added convenience.
Case . test leads and batteries included.

• Basic DC accuracy : plus or minus 1%
• DC voltage : 2v - 500v. eutoranging
• AC voltage : 2v - 500v. 8utoranging
• Resistance: 2k ohms - 2M ohms.

autoranging
• Fully over-toad protected
'* Input impedance: 11M ohm
• 162 x 28 x 17mm. weighs 75 grams

2 YEAR
WARRANTY

ON ALL
MODELS

Wide bandwidth and exceptional 1mV I DIV sensitivity
make the Model 3500 a powerful diagnostic tool for
engineer sor technic ians. D elayod trigg ering allowsany
portion of a waveform to 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 -Y operation • Bright 5" CRT • TV Sync filter

MODEL 3500 $499.95
35 MHz DUAL TRACE OSCILLOSCOPE

COPYRIGHT 1986 JDR MICRODEVICES
THE JDR INSTRUMENTS LOGO IS A REGISTERED TRADEMARK OF JDR MICRODEVICES.

JDR INSTRUMENTS IS A TRADEMARK OF JDR MICROOEVICES.

ORDER TOLL FREE+ J~oJ~~!~s~~~~!~ 800-538-5000
(408) 866-6200 • FAX (408) 378-8927 • Telex 171-110

~~~~~~~~=~~~~~~~~;'f~M~o~d~eII '2000 combines uirefUl feetures end exeeting
quelity. Frequency celculetion end phase meesure ·
ment ere quick end eesy in tha X·Y Mode. Service
technicians will appreciate the TV Sync circuitry for
viewing TV·V and TV ·H as well as accurate synchroni­
zation of the Video Signal. Blanking Pedestals. VITS
and Verticle/Horizontal sync pulses.

• Lab quality compensated 10X probes included
.. Built·in component test8f
• 1101220 Volt operation
• X·Y operation • Bright 5" CRT • TV Sync filter


