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FL UKE AND PHILIP S - TH E G LO B A L A L L IAN CE I N T ES T & M E A S UR EM EN

FLUKE PHILIP:

High Resolution Digital Meter:
4000 countdigitalreadout; 20,000

countmode(Fluke87) for 4'/2
digit resolution

Recorder: recordsminimums and
maximums,plus truearithmetic
averaqe; audibleMinMaxAlert;

selectableresponsetimes -
1second and100 ms(all models)

plus1msPeak MinMax
(Fluke 87)

Frequency counter: Accurate
downto0.5 Hz; alsomeasures

dutycycle

Capacitance meter:
Autoranging, withmanual ranging

at thetouchofabutton

Analog Meter: High-speed
analogdisplay updates 40 times!
second-asfast as the eyecan
follow; X10 loom bargraph mode
(Fluke 83 and85) makes high
resolutionoffset measurements

asnap.

1ms PEAK MINMAX
4'h digilmode
Backl ildisplay
Threeyearwarranty

Highresolution
ana1ooPOinier
True-rmsac

0.1%basicdcaccuracy
20kHzacV

Analogbargraph
andzoom
Three yearwarranly

O.1 %basicdcaccuracy
20kHzacV

FLUKE 85

Holster with Flex Stand '" :
Protectsmeterand providestest
leadstorage. Flexiblelegallows

meter tobe hung from peg,
bent around apipe, or used

almost anywhere.

Backlit display: Makes it easyto
readthe DMM indark, cramped
quarters. Automaticallyshuts --"!,....-'

offafter 68 seconds to
save thebattery.

Threeyearwarranly

Analog bargraph
and zoom

'SuggesledUS nst Pllce

0.3%basic dcaccuracy
5kHzacV

FLUKE 83

Meet the meter that brings an entire
test bench to your job. The versatile
Fluke 80 Series do-just-about­
everything "Multi"Meter.
It offers everything you'd expect from an
advanced handheld DMM, plusalot you'd
find only indedicated instruments.Plus
Fluke-exclusive featuresyou can't buy any­
where else. All builtwith the most advanced
surface mount designandsingle-chip ASIC
technology forathinner, tougher, more reli­
able package.

There'safully annunciated display for clear
operation. Duty cycle function. High-speed
analog indicator.Aprotective holster with
innovative Flex-Stand ™ for easy, adaptable
operation. AudibleInput Alert™ to reduce
the riskof damage to themeter, theuser,
and theunit being tested. Plus the strongest
warranty in thebusiness.
Al l good reasonsto move up to the truly­
multi Fluke 80 Seriestoday. You'll find80
Series DMMsat your Fluke distributor,For
immediate, off-the-shelf delivery. Call
CIRCLE 121 ON FREE INFORMATION CARD

1-800-44-FLUKE, ext. 33 for the name
of your nearest distributor.
JamFluke Mig. Co., Inc. P.O. Box 9090 MIS 25OC.
Everett. WA 98206 us.(206)347·5400 CANAOA: 416-890-7600
OTHER COUNTRIES: (206) 356-5500
telCopyrighll989. John Fluke Mig Co. , Inc. All righls reseved
Prices andspecilicalioossubjecllo change withoot notice.
Ad 00. 0102·FBO

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS.

FLUKE
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BUILD THIS .
37 ROCKET ALTIMETER

Follow the flights of model rockets with a second-by-second
electronic playback.
John Fleischer

47 1.6-GHz COUNTER PRESCALER
Update you r old frequency counter with this low-cost, high­
performance amplifier/prescaler.
Fred J. Hufft

55 LASER JET MEMORY CARD
Build a 4-megabyte memory expansion board for your
LaserJet liP or III printer.
Bill Green

59 NTSC-TO-RGB CONVERTER
This inexpensive circuit lets your VGA monitor work as a TV.
Jim Harrigfeld

SERVICING
67 TV SERVICE CASE HISTORIES

Servicing t ips and tricks gleaned from real-life cases.
Cleo Zymarie

TECHNOLOGY
71 INTRODUCTION TO MICROWAVE TECHNOLOGY

A look at the principles of magnetron tubes.
Joseph J. Carr
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ON ,.aE COVER
For those who already enjoy

model rocketry-and for anyone
who's thinking oftrying it-our cover
project offers a whole new dimen­
sion to the hobby. The Rocket Al ­
timeter charts the flight path of
rockets with an accuracy and ease
unheard of with visual tracking meth­
ods. The device consists of an on­
board flight recorder and an LCD
module that's used to display the
data back on the ground. The flight
recorder takes four pressure sam­
ples during every second of flight
time. When it's connected to the
LCD module back on earth, it dis­
plays the rocket's peak altitude and
gives a Y4-speed playback of the en­
tire flight. If you'd like to create your
own small-scale space program,
check out the Rocket Altimeter on
page 37.

COMING NEX,. MON,.a
THE NOVEMBER ISSUE

GOES ON SALE
OCTOBER 2.

BUILD A SOLID-STATE LA SER
Use the new visible-light laser diode to build a hand-held, battery-powered
visible-light laser.

PHONE-CALL SCREENING SYSTEM
Build a sys tem th at puts an end to junk calls by requiring a special cod e.

BUILD A PORTABLE QUAD ANTEN NA
Our 2-meter quad antenna is ideal for hill-top DX'ing.

A UDIO SWEEP/MARKER GENERATOR
Build this test gear designed for audio applications.
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As a service to readers. RADIO·ELECTRONICS publishes available plans or inlormation relating to newsworthy products.
techniq ues and scient ific and technol ogic al developments. Because of possibl e varianc es in the quali ty and condition of
materials and workmanship used by readers, RADIO-ELECTRONICS disclaims any responsibility lor the sale and proper
funct ioning of reeder-built proj ects based upon or from plans or information publ ished in th is magazine.

Since some 01 the equipment and circuitry described in RADIO-ELECTRONICSmay relate to or be covered by U.S. patents,
RADIO-ELECTRONICSdisclaims any liability lor theinlringement01such patents by the making, using, or selling 01anysuch
equipment or circ uitry, and suggests that anyone interested in such projects con sult a patent atto rney.
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5 WAYS TO STOP
WASTING TIME IN

ELECTRONICS.
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4 Stop wasting your
time plugging-

•
in external power.
We've added the

power to the breadboard . And,
what power! Up to triple voltage
power, + 5V, + 12V, - 12V, reg­
ulated/current limited and DC.

Up to 2,250 tie points, with 24 IC
capacity and 14 pin DIPs. Now you

can create, test and modify TTL , CMOS ,
Op-Amps and even microprocessor circuits. Plus,
there is the standard Global Lifetime Guarantee on .
the sockets. And, wait 'til you see the modest prices!

5.~'~~\

5-color coded
binding posts
and 17
sockets, for
over 4,560
contact
points.
Lifetime
guarantee.
American ­
made.
Affordably priced.

Stop wasting time designing
computer circuits. Now you can
use your solderless breadboard
concepts for design ing accessory
circuits . PROTOCARD®is a PROTO
BOARD Brand which fits any standard
slot in your IBM, PC/XT or PC/AT computer. Some
modules even include built-in basic decoder circuits
for memory and I/O address ing. Breadboard areas up
to 3,360 contact points. Buffered versions eliminate
~M loading ofpc buses .

~ ~plt),NM/-

GLOBAL
SPECIALTIES

Globa l Specialties. An Interplex Electron ics Company.
70 Fulton Terrace. New Haven, CT 06512.
Telephone: (203) 624-3103. ,0\ Interplex Electroni cs 1989.
All Global Specialties breadboar ding products made in USA.

CIRCLE 193 ON FREE INFORMATION CARD AOO I I

Stop wasting your
t ime soldering. Save

.':: //" . '::':'" hours of soldering,
:.~ ':'/'~:~~:':::':':/ desoldering, resoldering

...;:., .:i / ~:~:: ....::~ with Quick Test'Msockets
:.:<i:.::::" ::.:.~;:~" and bus strips . Connect!

. : ':: /p'~: . :.../ disconnect resistors, capac-
.</~? '.::: itors, transistors, ICs, etc. as

:/ ./ .. .' fast as you can push in/ pull
: out leads. Interlock for limit-

less expandability. Priced as
low as $1.60, you'll wonder

how you've done without
them!

2. Stop wasting
your time
breadboard­
ing. Here

are three popular PROTO . ,,;,"! . ",

BOARD®Brand solderless
breadboarding systems that
meet any budget or time
schedu le. First the diminutive a'
PB-10's 840 contact points .

~-..,........
and 3-color binding posts.
PB-102 has 1,240tie points,
accepting up to 12 16-pin ICs.
Finally, PB-103, with 2,250 contact
points , and up to 24 16-pin capacity. '.
They 're affordable, American-made,! < ....:..
lifetime guaranteed. You'll soon see . ' ,
why PROTO BOARD Brand is "PROTO
Today's Standard3 .~An~
for Quali ty in ~

Breadboarding. BRAND

• Stop wast ing your
t ime ju ry-rigging

large numbers of circuits. Here are two oversized
PROTO BOARDS Brand, with expanded area, tie
points , and more to keep your ideas together. PB­
104 features 3,060 tie points , which can handle to 32
16-pin ICs with ease. Four color coded binding
posts, and roomy 9.2" x 8" metal panel make it
big ...but simple . The humungous PB-1051ets you
load up to 48 16-pin ICs, and much more onto its

~Call toll-free for details

~ 1-800-572-1028



AT-COMPATIBLE
COMPUTER
80286 CPU (12 MHz
clock, 0 wait states), 1
meg RAM(expandable
to 4 meg), 1.2 meg
high -density floppy
disk drive.

SOFTWARE
Including MS-DOS,
GW-BASIC. word
processing,
database , and
spreadsheet
programs.

HARD DISK DRIVE
20 megabyte hard
disk drive you
install internally for
greater disk storage
capacity and data
access speed.

Voice synthesis
training adds an

exciting new dimension
toyour computer skills

Now NRI even includes innovative
hands-on training in voice syn­
thesis, one oftoday's most exciting
and widely applied new develop­
ments in computer technology.

You now train with and keep
a full-featured 8-bit D/A converter
that attaches in-line with your
computer's parallel printer port.

money-making career as an industry
technician, even start a computer
service business of your own.

DIGITAL
MULTIMETER
Professional test
instrument for
qu ick and easy
circuit
measurements.

LESSONS
Clearcut, illustrated
texts build your
understanding of
computers step by
step.

Only NRIgives you
a top-rated micro
with complete

training built into
the assembly

process

Your NRI hands-on
training continues as
you install the powerful
20 megabyte hard disk
drive-today's most-
wanted computer
peripheral-included
in your course to
dramatically increase your
computer's data storage capacity
while giving you lightning-quick
data access.

Having fully assembled your
West Coast 1010ES,you take it
through a complete series of diag­
nostic tests, mastering professional
computer servicing techniques as
you take command of the full
power ofyour computer's high­
speed 80286 microprocessor.

In no time at all, you have the
conftdence and the know-how to
work with, troubleshoot, and
service every computer on the
market today. Indeed, you have
what it takes to step into a full-time,

then interface your high­
resolution monitor. But
that's not all.

OnlyNRIwalksyou through the
step-by-step assembly ofa powerful
AT-compatible computer system
youkeep-giving you thehands-on
experience you need towork with,
troubleshoot, andservice allof tOOay's
mostwidely used computer systems.
WithNRtat-home training, you geteverything you need
to start a money-making career, even a computer service
business of your own.

You getin-demand
computer skills asyou

train with your own
AT-compatible computer

system-now with 20meg
hard drive and 1meg RAM

With NRI's exclusive hands-on
training, you actually build and
keep the powerful new AT­
compatible West Coast 1010ES
computer, complete with 1 meg
RAMand 20 meg hard disk drive.

You start by assembling and
testing the "intelligent" keyboard,
move on to test the circuitry on the
m ain logic board, install the power
supply and 5-14 1/ floppy disk drive,

· No other training­
anywhere shows 00

service compu ers

No doubt about it. The best way to
Jearn to service computers is to
actually build a state-of-the-art
computer from the keyboard on
up. As you put the machine
togeth er , performing key tests and
demonstrations at each stage of
assembly, you see for yourself how
each part of it works, what can go
w rong, and how you can fix it.

Only NRI, the leader in career­
building electronics training for
more than 75 years, gives you such
practical, real-world computer
servicing experience. Indeed, no
other training-in school, on the
job, anywhere-shows you how
to troubleshoot and service
computers like NRI.



in school, on the job,
how to troubleshoot and
like NRI

r-------------_w
I AI~. SChool O! Forcareer courses approved I
..,~. ElectrOnics under GI Bill

I
McGraw-Hill Continuing Education Center D check fordetails I

.jrj~
4401Connecticut Avenue, NW eo..., \.
Washington, DC 20008 I.n

I ~ CHECK ONE FREE CATALOG ONLY I
I

D Computersand Microprocessors D Security Electronics I
D Robotics D Electronic Music Technology
D TV/\'ideo/Audio Servicing D Basic ElectronicsI D Computer Programming D Telecommunications I

I Name (Please Print) Age I
I ~ I
L
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Using your D/A converter along
with the exclusive text-to-speech
software also included, you explore
the fascinating technology behind
both digitized and synthesized
computer speech,

You discover how you can
use your computer to access and
play back a variety ofprerecorded
sounds . . .you see how to add
speech and sound effects to
programs written in BASIC, C,
Pascal , and others , , ,you even
learn how to produce high -quality
speech directly from your own
original printed text.

NRI's exclusive new hands-on
training in voice synthesis is just

MONITOR
High-resolution ,
nonglare, 12" TTL
monochrome
monitor with tilt and
swivel base .

TECHNICAL
MANUALS
You get " inside"
your Packard Bell
computer system
with exclusive NR1
Training Kit Manuals
plus technical specs
direct from the
manufacturer.

DISCOVERY LAB
Complete
breadboarding
system to let you
design and modify
circuits, diagnose and
repair faults.

DIGITAL
LOGIC PROBE
Gives you first-hand
experience analyzing
digital circuit
operation.

one more way NRI gives
you the confidence­
building experience you
need to feel at home with
the latest advances in
computer technology.

No experience
needed, NRI
builds it in

You need no previous
experience in computers
or electronics to succeed
with NRI, You start with
the basics, following
easy-to-read instructions
and diagrams, moving
step by step from the
fundamentals of elec­
tronics to sophisticated
computer servicing
techniques.

With NRI's unique
Discovery Learning
Method, you're sure to
get the kind ofpractical
hands-on experience
that will make you fully
prepared to take

advantage of every opportunity
in today's top-growth field of
computer service,

With NRI, you learn at your
own pace 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, And all
throughout your training, you
have the full support of your
personal NRI instructor and the
NRI technical staff.

Your FREE
NRI catalog tells more

Send today for your free full-color
catalog describing every aspect of
NRI's innovative computer training,
as well as hands-on training in
robotics, video/audio servicing,
telecommunications, electronic
music technology, and other
growing high-tech career fields,

If the coupon is missing,
write to NRI School of Electronics,
McGraw-Hill Continuing Education
Center, 4401 Connecticut Avenue,
NW, Washington, DC 20008.
AT is a registered trademark of International Business
Machines Corporation



WHAT'S NEWS
A review of the latest happenings in electronics.

the recog nizable writ ing could include
hand-drawn " gestures" such as lines,
proofreader's marks, mat hematica l
symbo ls , and mus ica l not es. Ges­
tures cou ld be used as computer
commands , and the stylus could be
used to perfo rm mouse- like func ­
tions. It is possi ble that handwrit ing
and gesture analysis could become
as popular as the use of keyboards
and mice , providing a more natural
and convenient way to use and con­
trol computers. R-E

Space.d Discrete C.hQYQc+ers

"Run -Cf'\. di..scre-t-e.~ wri++en ch>.YQ.ete r.s

CHRIS OSTERLOH (LEFT) AND CHARLES (TOMMY) WOOD (RIGHT) WON THEIR SEMI­
final rounds in the consumer-electronics trials held in Washington , DC during a three-day
competition hosted by the Electronic Industries Assoc iation (EIA) and the Vocational
Industrial Clubs of America (VICA). Competitors were required to assemble a stereo
receiver, take a written theory exam, and troubleshoot 15 different pieces of consumer­
electronic equipment. The 19-year-old semifinalists started the year-long indust ry train­
ing programs in June-Osterloh with Matsush ita and Wood with Sony-and will receive
additional training from EIA instructors. One of the two will be selected in May, 1991 to
represent the United States in the International Youth Skill Olympics in Amsterdam next
summer.

Consumerelectronics trials

IBM'S PAPERLIKE INTERFACE computer system can recognize run-on characters, com­
pared to existing handwriting recognition systems which are limited to boxed or spaced
discrete characters. IBM hopes eventually to achieve real-time computer recognition of
cursive script writing.

soon as a stroke is complete, rathe r
than waiting for the co mplet ion of a
character. St roke labeling also allows
built-in constraint functions-dict ion­
aries , for example-so that irrelevant
characters orwords can be pruned at
early stages of the recognition pro­
cess . Finally, with st roke match ing it
is possible for the sys tem to adapt to
a parti cular writer, through an optional
t raining pro ces s involving custom­
ized templ ates.

In addit ion to hand-printed letters,

Progress in handwriting
recognition

IB M researc hers in York town
Height s, NY, have reported the first
accurate, real-tim e co mputer recog­
nition of run-on , hand-print ed charac­
ters-even those that run together,
touch , or over lap. Previous handwrit­
ing-recognition sys tems could recog­
nize on ly hand-printed cha rac te rs
that were spatially separated or con­
fined to boxed areas.

The research effort , cente red on
the experimental IBM computer sys ­
tem called the Paperl ike Interface ,
has as its ultimate goal computer rec­
ognition of natural, cursive w rit ing .
The recognition of run-on characte rs
is considered a significan t step to­
ward that goal.

W ith the Paperlike Interface, a user
" w rites" wi th a styl us on a tra ns ­
parent digitiz ing tablet that is placed
over a flat LCD . The table t has a layer
that allows the computer to sense
the position of the stylus on the pa­
per. The path of the stylus appears as
"electronic ink" on the flat display
directly below it.

In the traditional. "segment-then­
recognize " approach , a group of
strokes-a stroke is the stylus mo­
t ion from the point wh ere it first
touches the tablet unt il it is lifted-is
held in the computer's memory unti l
the group forms a discrete characte r
that the computer can reco gnize. In
the IBM approach , called "recognize­
then-segment ," charact er samples
are broken down into stroke tem­
plates that the computer can recog­
nize . Written st rok es are matched
against the stroke tem plates and la­
beled to des crib e th e poss ible
character parts they might represent.
and sequences of labels are exam­
ined to see if they correspo nd to the
components of particu lar characte rs .

The re are several advantages to
the "recognize-then-segment " ap ­
proach . Because a single template
can represent a st roke common to
severa l letters, the number of tem ­
plate-matching steps can be signifi­
cantly sma ller. In additi on, the
recognition process can begin as
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YOUR SOURCE FOR PROJECT AND REPAIR ELECTRONICS
Try Our Special-Order"Hotline" Battery Special-OrderService

Hundreds of Types Available
In addition to our large in-store stock, Radio Shack can now supply almost
any currently manufactu red consumer-type battery-for cordless phones,
computer memory, camcorders , walkie-talkies, pagers and more. Batteries
are sent from our main warehouse to the Radio Shack near you. We notify
you when they arrive and there's no postage or handling charge.

•
7~ VoJl
Hot Sho

ICs, Crystals, Tubes , Much More

Your Radio Shack store manager ca n
special -order a wide variety of parts and ac­
cessories from our main warehouse. Over
200,000 items are available including va­
cuum tubes, ICs, microprocessors, phone
cartridges and styli, crystals for scanners
and computers, even SAMS Photofa cts'"
manuals. Best of all, there are no handling
charges or minimum order requirements .
Your order is sent directly to the Radio Shack
near you and we notify you when it arrives .
Delivery time for most items is about a week.

Infrared Module Neater wiring Tantalum caps "Snap" RFI Choke

Heart of a remote-control project!
Combines detector, limiter, band­
bass, demod, integrator and com­
parato r in a co mpact 3- lead
module. #276-137 3.49

snsp-Together Toro id Cores . Effective
" roadblock" to radio-frequency inte rfer­
ence . Just wind on AC, phone , computer,
coax or audio cable, then snap choke
together . #273·104 .... . Set of 2/ 7.95

High capac itance in a tiny size

~F WVDC Cat. No. Each
0.1 35 272-1432 .59
0.47 35 272-1433 .59
1.0 35 272 -1434 .59
2.2 35 272-1435 .69

10 16 272-1436 .79
22 16 272-1437 1.19

(3)

(2)

(1) Heal·Shrink Tubing . 'h. to '12"
sizes. #278-1627 Pkg . of 7/1.79
(2) Cable Tie/Markers . For cables up to
5',"dia. #278-1648 .. . Pkg . of 10/2.49
(3) Wire Markers. 630 " peel and stick"
characte rs. #278-1650 . Sel/l.79

I ~ I I

Complete,
Easy-to-Use
IR Detector

(0
(0
o

oo
d
CD
m
JJ

3.99
3.99
2.49
4.99
1.99

EachCat. No.
276-1559
276-1565
276-1525
276-1533
276-1564

RodAntennas

®

A llatl,e .Ihaclc
MERICA'S

TECHNOLOeV
STORE s.

Go from 15to 30 watts with the flick of a switch .
Has replaceable tip. 8'/4" long. UL listed AC.
#64-2055 9.49
Replacement Tip . #64-2065 1.19
Chisel Tip. #64-2056 1.19

Dual-Power SOldering Iron

Description
25-Position D-Sub Male
25- Position D-Sub Female
34- Positio n Header
36· Position Male Printer Connector
34-Position Card- Edge Connector

1
2
3
4
5

Fig.

Great
Entry
Alerter

"Ding-Dong"Chime

This IC and mini-speaker combo
has a pleasant chime output and
it's ideal for a customer-entry alert,
doorbell or event indicator. Oper­
ates from 6 to 18 VDC. Produces 80
dB sound pressure at 12 VDC. 5"
ieads. #273·071 8.99

Select the function and
this precision Micro nta'"
meter sets the range. Has
automatic power-off when
shut, detented hinge for
best viewing angle. Mea­
sures to 1000 VDC, 500
VAC, lOA ACIDC , 2 meg­
ohms resistance . Re­
quires 2 " AA" batteries.
#22·193 69.95

FOldup Autoranging DVM

Fig. Description Cat. No. Each

1 9-Posit ion Metal 276-1508 2.19
. .. 25-Position Metal 276 -1510 2.79
2 9-Pos. Metalized 276-1513 1.49

. . . 25· Pos. Metalized 276-1536 1.99

(5) Mini-UHF Double -Female . Joins two
male min i-UHFs. #278-172 . . 2.49
(6) Min i·UHF T Adapter. Female-m ale­
female power divider. #278-173 . . . 3.99
(7) UHF Adapter. Accepts PL-259. Fits
female Mini-UHF. #278-174 3.99

Electronic
Counter
Module•

Pricesapply atparticipating RadioShack stores and dealers. Radio Shack is adivision of Tandy Corporation

•

•

Since 1921Radio Shack has been the place to obtain up-to-date electronic parts as well as quality
tools , test equ ipment and accessories. Today, with our big in -store selection and conven ient
spec ial-order service, Radio Shack continues its tradition of supplying high-tech products at com­
petitive prices. We' re America 's Technology Store with over 7000 locat ions - NOBODY COMPARES

Prewired! Great for a traffic or event counter.
Counts up to 99,999. Advanced (or reset) by
external switch closure or digital circuit. Ac·
cepts count rate up to 7 Hz. Has '12" liquid
crystal display. Requires " AA" battery. With
data. #277-302 16.95

(1) 15-Turn Trimmers . lk, #271-342.
10k, #271-343. 20k , #271-340, Each 1.49
(2) Precision Thermistor. Resistance
changes in proportion to temperature.
- 50 to +1100 C. #271-110 . . . 1.99
(3) Color-Code Decoder.
#271-1210
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Whats new in the fast-changing video industry
1';\Ii I•• MH: Igl l:l;J IIH:

• Instant VCR programming.
Severa l proposals to make program­
ming a VCR " as simple as pushi ng a
button " have cropped up recent ly­
and at least two are close to reaching
the pub lic. Widespread attent ion-in­
clud ing a refere nce by Pres ident
Bush and jokes by sta nd- up co m­
ics-has bee n focused on the diff i­
culty of progra mming VCR 's. Is help
finally on the way? Three sys tems are
desc ribed below.

VCR Plus. Several major news­
papers and magazines, including The
New York Times, the Los Ange les
Times, the San Francisco Chronicle,
and some edit ions of TV Guide will
soon beg in programming the ir read­
ers' VCR's for them . That wil l be done
by printing special six- or seven-digit
code numbers along with the pro­
gram listings . V iewers can punch
those codes into a wireless remote
gadget that w ill automatically set up
VCR 's and cable boxes to record the
programs.

The $ 59.95 gadget, VCR Plus,
wh ich is being marketed in selected
areas by Gemstar D evel o pm ent
Corp., Mo nterey Park, CA, contains a
14-event timer that subst itutes for the
VC R's t imer. The num eri cal code
printed in 'the TV program listin g con­
tains all the inform ation needed to set
up the VCR (and cable box, if any) to
record the specific progra m. The de­
vice opera tes bot h VCR's and cable
boxes , so it can be used to record
cable programs on different channe ls
(including prem ium channels) witho ut
any extra equipment. It can also "re­
member" cable channels . For exam­
ple, if HBO is on cable Channel 33 on
one system and Channel 11 on an­
other, the same code number may be
used for both systems. The key is in
the init ial setup of the home unit. It
comes supplied with special num -

~ bers to correspond to the IR remote­
z control frequencies of various brands
~ of VCR and cable boxes . Another
o part of the setup consists of inform­
~ ing VCR Plus of the channel numbers
6 occupied by var ious cable networks .
(5 Thus the code numbers printed in the
~ progra m list ings auto mat ically switch

10

the user's VCR or cable box to the
proper channel. The system 's propo­
nent s hope to go nat ionwide with
VCR Plus next year.

Instant Guide. Gernstar's VCR
Plus is just one approach to so lving
t he V C R-p rog ram min g problem .
Something much more elaborate is in
th e win d. InSight Telecast of Palo
Alto , CA, which is part ly ow ned by
th e Japan ese t radin g co mpa ny
Sumitomo, is cooperating with Public
Broadcasting Service (P BS) o n an
on-screen progra m guide to be trans­
mitted during the TV pictu re's vertical
blanking interval. Using a VCR with a
spec ial adaptor, t he viewer merely
can select the program to record
from the program listings without
worrying about the time or channel.
Pushing a button on the remote con­
trol automatically sets up the VCR to
record the program.

The "Instant Guide" program ser­
vice will be by subscription and wil l
cost viewers about $5 a month. VC R
adaptors are expected to cost around
$100, but should be much less whe n
built into a new VCR . The service is
scheduled to start next year in the
United States, with Sumitomo est i­
matin g that adap tors and adap to r­
equipped decks will sell at the rate of
one million per year.

SuperGuide. But Instant Guide
also has some competition. Would
you believe " SuperGuide?" The sys ­
tem, developed by a North Caro lina
company, was the subject of a paper
at th is year's Internat ional Con­
ference on Consumer Electronics in
Chicago. SuperGuide is described as
" a low-cost, home-oriented , interac­
tive, electron ic, on-screen program­
ming guide," des igned to be
" integrated with the TV tuner, remote
control , and other devices." The TV
set receives a broadcast database of
" programming for on ly those ser­
vices to which a viewer subscribes ."
The hardware is described as costing
less than $40. "Operation of the
menus, as we ll as the Guide itself,
requires six buttons on the handheld
remote: cursor keys up and down,
page forward and page back keys, a

select key, and a return key ... Super­
Guide takes a show you want to rec­
ord and passes the infor mation to a
standard event timer in a VCR or sat­
ellite receiver." Eventually, the sys­
tem 's propo nents say, " SuperGuide
will be ready to make reco rding on
your VCR tru ly as simple as finding
the show yo u wa nt to record and
pressi ng a single button."

• Widescreen VCR. A VCR that
will play bot h widescreen (16:9 as­
pect rat io) and pictures of standard
(4:3) TV proportions is under de­
velopment by the VHS group. It al­
ready has been demons tra ted in
Europe by Thomson Consumer Elec­
tron ics . In its norma l mode, the VCR
records conventional TV pictures . In
the widescreen mode, tapes of 16:9
pictures are stored on the tape in
horizontally squeezed form . A specia l
signal on the sync track will automat­
ically adjust future TV sets to disp lay
a "letterbox" picture , or on future
widescreen sets the picture will fill
the screen automa tically. Letterbox
pictures may be acco mmodated by
many conve ntional sets wit hout the
auto matic -adjustment facility by man­
ual adjus tment of the height contro l
to obtain the proper picture propor­
ti on. TV sets th at co me equipped
with widescreen picture tubes are ex­
pected to be on the European market
some time this fall.

• Dual-deck VCR's. Go-Video,
which filed lawsuits against severa l
Japanese manufacturers , cla iming
that they refused to make double­
deck VCR 's for it, is finally marketing
its two- slot VCR . The unit, made for
Go -Video by Samsung of Korea, will
copy tapes (except for those using
Macrovis ion anti-copy encoding),
play back one tape while another is
being recorded, or record two tapes
sequentially. The suggested list price
is $995. In Europe, Amstrad has an­
nounced its own similar unit, which it
calls the " Double Decker," for about
$695, but says it has no plans to
make one for sale in the American
market. R-E



ELENCO & HITACHI PRODUCTS
AT DISCOUNT PRICES

Delayed Sweep
Lightweight(13Ibs)
2mVSens
3 YrWarranty

Compact Series Scopes

Model Y·l 065
Shown

This series provides many new functions such as CRT
Readout, Cursor measurements (V-l 085/1 065/665) ,
Frequency Ctr (V-108S), Sweeptime Autoranging and
Trigger Lock using a 6-inch CRT. You don't feel the
compactness in terms of performance and operation.

V-660 60MHz Dual Trace $1,195
V-665 60MHz Dual Trace w/Cursor $1,345
V-1060 100MHz Dual Trace $1,425
V-1065 1OOMHz Dual Trace w/Cursor $1,695
V-1085 100MHz Quad Trace w/Cursor $2,045
V·110OA 100MHzQuadTracew/Cursor $2,295
V-1150 150MHzQuadTracew/Cursor $2,775

$ 3,049.00

$ 2,295.00

VC·6045

VC·6025

V-212 Hitachi Portable Scopes
$435 DC to 50MHz, 2-Channel, DC offset

DCto20MHz function, Alternate magnifier function
Dual Channel Y·525 CRT Readout,Cursor Meas. $1,025

Y-523 Delayed Sweep $995

Y-522 Basic Model S895

RSOs (Real-Time & Storage Oscilloscopes) From HITACHI ~
The RSO - its the new solution ~~

View, Acquire, Test,Tronsfer ond Document Your Waveform Doto

V-422 40MHz Dual Trace $795

20MHz Elenco Oscilloscope Elenco 35MHz Dual Trace $495
$3 Good to 50MHz

75 MO-1252
MO-1251 0 High luminance 6' CRT

o Dual Trace 0 lmV Sensitivity
o Component Tester SCOPE PROBES 0 6KVAcceleration Vohage
06' CRT 0 10ns RiseTime
oX-YOparation P-I65MHz.1 x. IOx $ 19.95 o X·Y Oparation 0 ZAxis
o TV Sync P·2 lOOMHz. I x. lOx $23.95 0 DelayedTriggeringSweep
02 p-t Probes 0 Includes 2 P-l Probes

All scopes include probes, schemat ics, operators manual, and 3 year (2yrs for Elenco scopes) world wide warranty on parts & labor. Many accessories available for all
Hitachi scopes . Call or write for complete specifications on these and many other fine oscilloscopes ,

Compact, Full Feature Models

Low Cost/High Value Models

a-cncnnei, IOOMS/s Model Infroductory Price

40MSis, 100MHz, 4kw x icn., 2kw x 2ch.

20M5/s, SO "1Hz, 2kw x 2ch.

100MSis(2SM5/s on 4 channels simultaneously), 100MHz, 4kw x tch., 2kw x zcn.. lkw x 4Ch. VC·6145 $ 4,695.00

20MSis, SO "1Hz, 2kw x 2ch. VC·6024 $ 2,049.00

20MS/s, 20MHz, 2kw x 2ch. VC·6023 $1 ,749.00

RSOsfrom Hitachifeature such functionsas roll mode, averaging,save memory, smoothing: interpolation.pretriggering,
cursor measurements,plotter interface,and RS-232Cinterface. W~h the comfort of analog and the powerof dig~al.

o
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Digital LCR Meter

LC·1801

$125
Measures:

Coils 1uH-2OOH
Caps .l pf-2oouf

Res .01 -2OM

Wide Band Signal Generators
SG-9000

$129

LEARN TO BUILD AND PROGRAM
COMPUTERS WITH THIS KITI

INCLUDES: All Parts, Assembly and Lesson Manual

Model

MM-8000

$129.00

RFFreq lOOK-450MHz
AM Modulation of 1KHz

Variable RFoutput

SG·9500 w Digital Displayand150MHz buill-In Counter$249

Starting from scratch you build a complete system. Our Micro-Master
trainerteachesyoutowliteintoRAMs, ROMs andruna8085microproces­
sor, whichusessimilarmachine language as IBMPC. Youwiilwrite the
inilial instructionsto teilthe8085 processorto~t started andstomthose
instructions in permanentmemory in a 2816E PROM. Teachesyouail
aboutinputand outputports , computertimers. Buildyour own keyboa rd
and leam how to scan keyboard and display. No previous computer
knowledge required. Simpleeasy to understand instructionteachesyou
to write in machine language.

ROBOTICS KIT FORABOYE (MM-8010) $71.95

~~

Digital Capacitance Meter

CM-1550

$58.95
9 Ranges

.1pf-20,000ufd
.5%basic accy

Zerocontrol
withcase

10 Function
Multlmeter

CM-365

$65
AC+ DCYohage & Amps

Resistance to 2000Mn
Diode, Logic, & Trans test

Capacitance to 200uF

GF-8016 Function Generator
with Freq. Counter

$249

Quad Power Supply XP-~80

$59.95
2-20Vat2A

12Vat lA
5Vat 3A

-5Vat .5A

Fully regulatedan short circuitprotected

XP·575 without meters $39,95

Triple Power Supply XP-620
Assembled $65

Kit $45
2 to 15Vat lA,

·2 to -15Vat lA
(or 4 to 30Vat lA)

and 5Vat3A
Contains all the desired features for doing experiments.

Featuresshort circuit protection, allsupplies.

True RMS 4 1/2
Digit Muitimeter

M-7000

$135
.05%DCAccuracy

.1% Resistance
with Freq. Counter

and deluxecase

Decade Blox

~~':::j"';~I; I96~~;~
'.~. :::- :$18,95

19610 Resistor Blox
47ohmto 1M& lOOK pot

'9620 Capacitor Blox
47pf to 10MFD

Provides sine, triangle, square
wave from tHz to 1MHz

AM or FM capability

1000 Amps
Data & Peakhold

8 Functions
DeluxeCase

AC Current Meter

5T·1010

$69.95

Digital Triple Power Supply XP-765

$249
0-20Vat lA
0-20V atlA

5Vat5A

Fuly regulated,Short circuit protectedwith
2 limit control, 3 separate supplies

XP·660 with Analog Meters$175
• .....fIIIIII~II!WP!II
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WE NOW
CARRY

COMPLETE LINE
OF

FLUKE
MULTIMETERS

Models
21F 83
23F 85
25F 87
27F 8050A
73 8060A
75 8062A
m t More

CALL FOR

SPECIAL PRICING



ASK R-E
Write to Ask R-E, Radio-Electronics, 500-B Bi-County Blvd. , Farmingdale, NY 11735
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EGA TO CGA CONVERSION
I'm trying to build a c ircuit

that would slow down the sync
of EGA video to CGA speed.
The reason I want to do th is is
so I can use a cheaper com­
posite monitor or RF modu­
la'torlTV combination. I have a
circuit that will allow me to
convert an RGB signa l into
composite video but it doesn 't
work when I try it w ith an EGA
signal. Would I be on the right
track if I used the 532 1 Video
Sync Generator IC or so m e
kind of video buffer? A ny help
would be appreciated.-J.
Ayala, Fort Lee, NJ

Wh en eve r someo ne upgrades
their compute r from CGA to EGA or
VGA, they're faced with the same
prob lem and , so it wo uld appear, the
same thoughts cross the ir minds .
S ince they already have a CGA
moni to r, there must be someth ing
that can be done to convert it for use
with EGA or VGA.

Wh ile it's certainly not impossible,
convert ing a CGA monitor for use
with a higher video standard is far
from being a tr ivial task. You're cor­
rect in assum ing that the sync rates
are very different for the two video
standards, but this difference is a lot
more than a simp le obstacle.

The chart in Fig. 1 lists the scan
rates for several popular IBM video
standards . As you can see, the CGA
horizonta l sync rate is a rather famil­
iar number-15.75 kHz. This is exact­
ly the same as NTSC video so it's
possible to use a standard NTSC
mon itor along with the computer.
Things are quite different when you
switch to EGA or VGA and there 's
more invo lved than just worry ing
about the horizontal sync signal.

Since your EGA card is putting out
video with a horizontal sync rate of
21.8 kHz, it's about 38% higher than
the rate for which the NTSC-compati­
ble CG A monitor was design ed . If
you were absolutely determined to
use the CG A monitor for EGA, there
are thre e approaches you cou ld take.
We'll look at them in the order of
decreasing complexity.

Assuming that there's nothing you
can do to your EGA card to make it
work w ith a CGA mon itor (some
cards can be configured that way),
the first way to solve the prob lem
would be the one you're trying to
take-s-con vert the EGA signa l to
somet hing compat ible w ith CGA.
Even thou gh it is possible , it's going
to be a lot of work, and the resulting
image wi ll probably be terrible .

Your first step would be to build an
NTSC sync generator (using a chip
like the 5321 or discrete compo­
nents), and then you'd have to design
a circuit that would detect the hori­
zont al sync on the EGA signal and
gen lock it to the sync from the NTSC
generator. You'd need a phase lock­
ed loop to keep both of the signa ls in
phase . Of course you have to strip
the sync from the EGA signa l as we ll.

The stuff I've des cribed so far is a
major undert aking in itself, and we 're
not even near the end . Since EGA
video is being generated much faster
than can be handled by a CGA
monitor, you' re going to need a bunch
of memo ry to store the lines of EGA
video until they can be sent out to the
monitor at C GA speed . I haven't
done the arithmetic but you'll need a
lot of memory for the job. The good
news is that there 's probably enough
time in the EGA vertical interval to
finish sending out the stored video
before the next frame begins . Since

both EGA and CGA ope rate at a ver­
tica l sync rate of 60 Hz, that's one
less th ing to worry about.

The second approach to the prob­
lem wou ld be to look at the CGA
monitor rather than the video being
fed to it. If you 're lucky enough to
have the sche mat ic of the monitor, it
might be poss ib le to increase th e
sweep speed of the flyback so the
monitor's horizontal circuitry can lock
to the EGA sync . Chances are you'll
have to rebuild a good part of the
mon itor c irc uitry since th e f lybac k
transformer might not be able to han­
dle the increased frequency. Even if
you managed to overcome all this,
you' ll have to make sure that the per­
sistence in the picture tube is up to
EGA and that the dot pitc h of the tube
is at least 0.28 mm, since any larger
pitch will create a really fuzzy image.

The third approach to the prob lem
is to donate the CGA monitor to 'a
worthy charity and spend the bucks
for an EGA mon itor. That's the quick­
est , easiest , and probab ly least cos t­
ly way to so lve the problem (depend­
ing on how you value your time and
eyesight).

What you'd like to do isn't impossi­
ble, but the chances of getting a re­
sulting image that's worth the time
and mo ney tha t it takes to wo rk
through all the des ign prob lems is
about the same as finding intelligent
life on Pluto .

A NOISY SOLUTION
Do you have a circuit for a

simple analog noise gener­
ator? I'd like to use the output
to generate random clocking
edges for a circuit based
around a 7474 flip-flop.-D.
Gates, Wichita, KS

Since you didn' t specify the kind of
noise your were looking for (pink or
wh ite) , I'm guessing that it doesn't
matter. And from what little you did
mention abo ut the appl ica t ion you
have in mind indicates that all you're
look ing for is ra ndom -freq ue ncy
sound.

There are two ways you can easily
generate the random pulses you're
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• Measures Frequency, Period
and Rate per Minute (RPM)

• 10mVsensitivity (Typical)

An Affiliate at Emerson Etectnc Co.

FC130A Frequency Counter
• .00Hz to 1.3GHz Frequency

Range
• 8-Digit LED Display
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For moreinformation and the location ofyournearest authorized
Beckman industrial dealercall 1-800-854-2708(in California 1-800-227-9781).
Instrumentation ProductsDivision, 3883 Ruffin Road, San Diego, CA 92123-1898
© 1989Beckman Industrial Corporation. Specificationsaresubject tochange without notice.

Extend Your Frequen~y
.Counter Range To 1.3GHz

Without Extending Your Budget.

Cable TV
Descrambler Article Parts

We stock the exact Parts for several articles published in Radio-Electronics

magazine on building your own Cable TV Descrambler.

February 1984 February 1987 May 1990
58-3 Type Tri-Mode Universal

701 Parts Pkg.....$19.00 301 Parts Pkg••.•••29.00 901 Parts Pkg.•... $49 .00
Incl udes all original parts. Includes all original parIs . Inclu des a ll original parts .

702 PC Board... .... •7.95 302 PC Board .... ... .7.95 902 PC Board.... ... .9.95
Original 3X4 etched, drilled Orig inal 5X8 etched, drilled Original 4X7 etched, drilled
and Silk-Screen pc board. and Silk·Screen pc board. and Silk· Screened pc board.

704 AC Adaptor.•..•7.95 304 AC Adaptor.. ... 7.95 904 AC Adaptor••...8.95
12 to 18 Volt DC @ 200ma . 12 to 18 Volt DC @ 200ma . 12 Volts AC @ 350ma .

701 ,702 & 704... ..29 .00 301, 302 & 304 .. .••39.00 901, 902 & 904.. ...59.00
All three for spec ial saving . All thre e for specia l savings. All three for spec ial savings .

Tri-Mode Tutorial.. 7.95 CD22402E.•••..... ..12.95
26 pages of in· depth info. Video sync IC (Ic.g)

Snooper Stopper... $39.00 Macrovision Kit... $29.00
Preve nt Descrambler detec tion with snooper Macrov islon.... .now you see II, now yo u
stopper/data blo cker and prot ect your pri vac y. don'l with our mecto-scrubber kit.
Includes free article on Cable Snooping. Originally Published in Radio-Electro nics .

58 Channel
Cable TV Converter with in fra-red remote ••••••••••$69.95
Re-Manufactured Jerrold 400 with new remote. Channel 3 output.
Compatib le with all External Descramblers.

CALL TOLL FREE 1-800-332-3557
Outside USA Call 1-508-699-6935

Visa, MasterCard and COD. Free Catalog. I VISA I I MC I
Add $4.00 S&H, $6.50 Outside USA.
D & D Electronics Inc. PO Box 3310 N. Attleboro Ma. 02761
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SURROUND SOUND VCR
I recently purchased a n LXI

TV from Sears with Dolby S u r­
round Sound. Do I have to buy
a VCR with Surround Sound t o
get the most out of my TV, or
will a regular stereo VCR de­
code the Surround signa l s
from my pre-recorded tapes?
Also, is anyone manufactu ring
VCR's that include Dolby S u r­
round Sound?-George Fos­
ter, Detroit, MI

In answer to your first question, the
Sur round signals are encoded in the
standard left - and right -channel audio
signals. As long as you are able to
feed the lef t and right signals into a
Surrou nd-S oun d decoder, the de­
coder wi ll be able to do its job, re­
gardless of where it is located. As for
your second questi on , there are no
Surround-Sound VCR's that I know
of, but that doesn't mean that they
don 't exist. An d , co nsidering Sur­
round Sound's increasing popularity,
I'm sure you'll see it incorporated into
VCR's in the near future. R-E

lo o king fo r. The first is to use a
MM5837N noise generato r chip, and
the second is to use the old tr ick of
reverse biasing any small-signal tran ­
sistor. Neith er of those met hods will
produce tru e ana log signa ls but ,
since you 're feeding them to a digital
circuit, you're prob ably better off with
square waves anyway.

Both metho ds are shown in Fig. 2.
The co mpone nt va lues aren 't very
crit ical and, as long as you stay with in
ten percent or so of th e va lue s
shown, you won' t have any prob lems
with either circuit. The circ uits are
both self-starti ng and wi ll produce the
kind of random pulses you're looking
for, but you' ll more than likely need
so me buffering c irc uit ry betwee n
them and the flip -flop.
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I hope that wi ll be of interest to
everyone. That's a much simp ler cir­
cu it than the one in Ask R-E.
LLOYD F THOMAS
Oxnard, CA

SERVICING VCR'S
After read ing Larry Kle in's Audio

Update in' the Ju ly iss ue of Radio­
Electronics, I was very disturbed
that he wou ld extrapolate his unique
experience w ith head cleaners in his
older VCR to recommend them as
safe "... if used precise ly according to
instructions ... "

I am a Certified Electronic Techni­
c ian CISCET) w ith over 20 years of
experience, w ith 11 years servicing
v ideo tape recorders . The shop
where I am employed services about

. 250 VCR's a week. Since January, I
personally have removed more than
25 head cleaners from customers'
mach ines . More than half of those
machines required head replacement
and stra ightening or aligning some
part of the transport or basket as­
sembly. Not one of the mach ines was
over five years old.

To refute some of Mr. Klein's state­
ments : Our shop is not "Factory Au­
thorized " anyth ing . The price we
charge for a cleaning is $9.95 . For a
complete mechanica l overhau l-re­
place belts, clutched idler, resurface
pinch ro ller, and complete lubrica ­
tions-we charge $79 .95 . That
comes with a one-year warranty,
wh ich is void if a head cleaner is used.

Based on Mr. Klein's recommenda­
tions on protecting the cassettes, I
assume he also covers his VCR and
lives in a sterile, dust-free environ­
ment. I am sorry to say that the major­
ity of VCR's pass ing through our

Fig. 1.
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Write to Letters, Radio-Electronics,
500-B Bi-County Blvd. , Farmingdale, NY 11735
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BELLS A'RINGING
I had the same problem as the au­

thor of "Ring My Phone" CAsk R-E,
Radio-Electronics, Ju ly 199m,
due to the o ld-style phones w ith be ll
ringers . The newer phones w ith elec­
tro nic ringers use very little current.

At first, I shut off the ringers, or
disconnected some of them . I found
that Motoro la made an exce llent
" Telephone Tone Ringer," so I decid­
ed to either make one for each phone
or run another phone line and place it
in a centra l location so that it cou ld be
heard throughout the house. I turned
off all of myoid phones and I discon­
nected one w ire to the ringer. I ran the
ringer line down to the front doorbell
box and installed my electronic ringer
in it. If you want you can run another
line to the garage workshop and an­
other to the back patio . My phone
rings loud enough now to be heard all
over the house.

Motorola has an excellent book en­
titled "Te lecommunications Device
Data" C#DL136, Rev. n See pages
2-201 and 2-241 . Everything is in the
IC and outside requires 3 resistors ,
four capacitors, and one piezo sound
e lement. The cost is on ly about
$4.80.

Figure 1 shows a complete te le­
phone-be ll rep lacement circu it w ith
minimum external components, on ­
ch ip diode bridge and transient pro­
tecti on , direct drive for piezoelectric
transducers . It rejects rotary dial tran­
sients and has an input impedance
signature that meets Be ll and EIA
standards .

Three versions of MC34012 C-1 , -2,
and -3) are available. Motorola's other
options are the MC34017-1,
MC34017-2, and MC34017-3 .

©1990, Heath Company
Subsidiary of Bull Data systems, Inc.

' Pricedoes notinclude
shipping and handling,
or applicable salestax.
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What is the prinCiGle disadvantage
of neon ights?

What are out-of-phase signals?
Heath Video Courses

speed your learning curve!
Learn basic electronicsat home at your own

pacewith four, 50-minute video tapes. Know
thevariable inductor sym bol. Recognize a PN
junction. Understand oscillator fundamentals.
Clearly SEE what most basic electronic books
can only describe.

DC RECTRONICS. Coverselectron
movement to troubleshootingandrepairing a
simpleelectronic circuit. EV-3101 -A.

AC RECTRONICS. Follow-upto DC
Electronics. Covers theprinciplesof AC,
voltage andelectrical measurement. Includes
motors,generators andtest instrument meter
movements. EV-3102-A.

SEMICONDUCTORS. Complete theDC/AC
videos andyou're ready to learn how semi­
conductor devices are made, plusthe
principlesof discrete devices, integrated
circuits &optoelectronic devices. EV-3103-A.

RECTRONIC CIRCUITS. Complete thebasic
course with amplifier configurations, biasing,
coupling, audio amplifiers, closed-loop vs.
open-loopoperation and more. EV-3104-A.

An activity-filled workbook and explanation
of howto solveeach problem comes with
each tapesoyou learn three ways - video ,
workbook and hands-on!
Order today!
Call Toll free,
24-hours aday.
1-800-253-0570.

Weaccept VISA,
MasterCard, American
Express and Heath Revolving

iChReaifi
~ Benton Harbor, MI
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We've Become
Better For You with

• MODERN FACILITIES • LOW PRICES
• HIGH QUALITY • PROMPT SERVICE

For Telecommunications • Industry • Two-Way
• Amateur-Marine • Microprocessor

• Radio Control • Satellite

Let Us Solve
Your Crystal Needs

"A CUT ABOVE THE REST"

JAN CRYSTALS
ao, Box 06017

ViSA 1 Ft. Myers, FL 33906 1AiI.- ..
1_ I (813) 936-2397 l!I!I __ ~

TOLL FREE 1-800-526-9825
FAX ORDERS 1-813-936-3750

• Measures Frequency, Period,
Frequency Ratio, Time Interval
and UnitCount

• 4 selectable Gate Times

Ull.C. j

An Affiliate of Eme,so n Etectric Co .

BecklTlan Indu§tria/ 'M

, 01 ,-, 0 0 ,-, '-I '-1 •, ,_, . ,_, ,_, I-

•

UCIOA Universal Counter
• 5Hz to 100MHz Frequency

Range
• 8-Digit LED Display

.."
Eloclt. fDdIJ Innu v r 14-11 lJC . D A
INV( AW COlM7I:Jt

n,.,,-..
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More Features
Give This lOOMHz Counter
Universal Appeal At s339.

For moreinformation andthe locationofyour nearest authorized
Beckman Industrial dealercall 1-SQO-S54-270S (in California 1-S00-227-97S1).
Instrumentation Products Division, 3883 Ruffin Road, San Diego, CA92123-1S9S
© 1989Beckman Industrial Corporation. Specificationsaresubject tochange without notice.

"l,,~A~:fu,
- ...,. Earn up to

1
0[ $30 an hour

~.!!!! and more!
_ o~l. \
,;iffl .Learn athome in spare time.

-/',-...,.....r-r.-/-...... I ,,, Nopreviousexperienceneeded!

No costly school. No commuting to class.
The Original Home-Study course prepares
you for the " FCC Commercial Radio­
telephone License."This valuable license is
your professional "ticket" to thousands of
exciting jobs in Communications, Radio­
TV, Microwave, Maritime, Radar, Avionics
and more . .. even start your own business!
You don't need a college degree to qualify,
but you do need an FCC License.
No Need to Quit Your Job or Go To School
This proven course is easy, fast and low
cost! GUARANTEED PASS-You get your
FCC License or money refunded. Send for
FREE facts now. MAIL COUPON TODAY!r----------------------,
I commdnD PRODUCTiOnS I
I FCC LICENSE TRAINING, Dept . 90 I
I P.O. Box 2824 , San Francisco, CA 94126 :
: Please rush FREE details Immediately! I
I NAME _ _ _ I
I ADDRESS I
I CITY__- _ _ STATE ZIP _ _ I
L J

INGENUITY PAYS OFF
I have a Sabtronics multimeter sim­

ilar to the one illustrated in the "Ca­
pacitance Adapter " article in the Apri l
issue of Radio-Electronics. A
couple of years ago the high-current
range indicated a malfunction while
the meter was monitoring a battery­
charging circuit that was supplying
less than 4 amps. The O.l-ohm powe r
resistor was open .

I couldn 't find a resistor of that val­
ue and to lerance , so the high-current
range was useless. Then , recently, I
stumbled onto a somewhat unlikely
remedy-wind a co il! I'd like to pass
the procedure along for any other
readers who might encounter the
same problem.

A few days ago, when I was check­
ing an AWG table, I noticed that #18
wire has a resistance of one ohm-per
156 feet. It occurred to me that about
15.6 feet of #18 wire wou ld give me

shop are so full of dust, fur, and as- I

sorted debris that we wear face
masks to clean them .

To generalize from my experience,
if your VCR weighs over 40 pounds
and is more than six years old , you
can probably follow Mr. Klein 's advice
with out endangering more than the
video heads. Those machines were
very tough and could withstand
abuse .

My own advice is to buy the very
best high-grade tape , and, if the head
clogs from a rented movie or cheap
tape, put the new tape in and record
for 15 minutes.. The chemicals the
tape manufacturer puts on the tape
do a good job of cleaning .
JO ANNE ABBOT, CET
Portland, OR

Is Ms . Abbott implying that head­
cleaner cassettes tend to jam in ma­
chines? That doesn 't seem to hap­
pen in my neck of the woods. (Of
course, cassettes of any type will
sometimes jam ) Perhaps things are
cheaper in Oregon than New York,
but the cheapest price I've found a
head-cleaning locally is $35.00. The
complete overhaul sounds like a
great deal-it would cost a fortune in
New York. I don't cover my VCR or
live in a "sterile, dust-free environ ­
ment and my consultants don't think
that the new machines are more frag­
ile than the old, although they are
lighter. The cleaning method Ms . Ab­
bott recommends is news to me.­
Larry Klein, Audio Editor
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PHONE LINE CORRECTIONS
In last month's article, "Build R-E's

Teleph one-Li ne Contro ll er," the
schematic diagram might cause
some confusion. The 9-pin 0 con­
nector, J2, was shown as a tu-pln
connector. Pins 1-9 are correct as
shown; pin 10 should be ignored. On
the 62-pin card edge connector, the
labels A1-A31 shouldalso be ignored.
The metal PC mounting bracket that
is available from AC&C includes cut­
outs for all connectors.

CLEARER RESOLUTION
I would like to clarify the answe r

given in Ask R-Eto the " Lines of Res­
olution " que sti on (Rad io-Elec­
tronics, June 1990). First , th e
conventional definition of lines of res­
olution in the horizontal direction is
actually equal to the number of visible
lines per unit picture height. That defi­
nition allows proper comparison for
resolution in horizontal and vert ical
directi ons. For example, on a 4-by-3
aspect ratio display, 440 visible lines
would co rrespond to 330 " lines of
resolution. "

Second, for a co lor CRT television,
th e elect rica l bandwidth is not th e
only limiti ng factor for resolution. The
spacing of the color phosphors (or
pitch) is a limiting factor, espec ially
for higher perform ance sets . In fact,
an art ifact similar to digital sampling
aliasing can occur if the electrical sig­
nal driving the tube has a bandwidth
higher than the tube pitch can display.

R-E

until your reading confor ms to Ohm 's
law.Then you unsolder both ends and
start windin g your co il. A light applica­
tion of five-minute epoxy w ill keep the
co il compact.

My calibrated wire came close to
the 15.6 feet predicted on the AWG
table, and wo und into a neat two­
layer co il on a piece of 'l2-inch dowel.
It sits ato p th e four-l ead, dual-pur­
pose power re si st or, w hic h s t il l
serve s the 200-mA range. The meter
has been upgraded in both accuracy
and durability, and I doubt if the 0.1­
ohm coil would heat up any faster on
a 10-amp current readin g th an the
test leads .
R.R. DALLING
San Diego. CA

2805 McGaw Ave.. Irvine, CA 92714
Telephone: 714-261-1455 8 0 0 -8 5 4-7 2 7 9

30-day money-back guarantee. If you're
not satisfied with the book, just contact us
within 30 days. We'll refund your purchase
price (less shipping and handling).

Call today toll-free 800-854-7179 to
order your copy at the introductory
price of only $99!
You'll save$50 offthe list price.

The NEW IC Pinout Guide: Put the
world of ICs in your hands.

Global Engineering

has been checked against a lab-stan­
dard meter, was accu rate on voltage
and resistance but not on high cur­
rent, which vio lated Ohm's law in rela­
tion to its other readings on the same
circuit. Careful t rimming of the mag­
net wire corrected that condition. A
lantern battery and a resistor make a
good test circuit for Ohm 's law eval­
uation. Of course , you can't use clip
leads in calibrating the magnet-wire
length ; you have to solder both ends
in place, take a readin g, unsolder,
trim , and resolder one end of the wire

We guarantee the new IC Pinout Guide
will payfor itself within two weeks.

• IC circuit connection data-pinouts­
for over170,000 ICs currently in use
worldwide

• Package style drawings
• IC descriptions
• Manufacturer information

Do you repair TVs, radios, computers . ..
anything contain ing ICs?
Now you can open one book and find all
the info you need to help you do your
repair jobs quickly.

:::::--tc PinoU\c:,
In one volume.

NEW Ie Pinout Guide:
The compact, low-cost solution to

your repair and maintenance headaches.

my 0 .1 -ohm resist o r, and it wo uld
monitor 4 amps all day witho ut heat­
ing up. I had some # 18 magnet wire
on hand (from the good old days of
audio-crossover projec ts) , so I cut off
about 17 feet" str ipped the ends , cut
the high-cur rent leads of the dual-pur­
pose resist or, and co nnected th e
magnet w ire. Sure enough, it wo rked!
The reading was high because of the
exces s margin I had allowed in cutt ing
the wire, but it was easily t rimmed
down to the optimum resistance.

My Sabt ronics multimeter, which
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Our New and Highly Effect ive 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 Technicians.
Through this Special Program you can pull all of
the loose ends of your electronics background
together and earn your B.S.E.E. Degree. Up­
grade your status and pay to the Engineering
Level. Advance Rapidly l Many finish in 12
monthsor less. Students and graduates in all 50
States and through out the World. Estabiished
Over 40 Years! Write for free Descriptive Lit­
erature.

\ ,:,V
E ~B.S.E. . \

DEGREE
THROUGH HOME STUDY
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• Linear or Logarithmic Sweep
• InternallExternalAM or FM

Modulation

An Aff ilia te of Emerson Electric Co .

The Only 5-Digit Sweep
AMIFM Function Generator

At A3-Digit Price.
FG3A Sueep/Iunction Generator
• 7 Frequency Ranges from

a.2Hz to 2MHz
• Sine, Square, Triangle, Ramp,

TTL and CMOS Outputs

For more information andthe location of your nearest authorized
Beckman Industrial dealercall1-S00-SS4-270S(in California 1-S00-227-97S1).
Instrumentation Products Division, 3883 Ruffin Road, San Diego, CA 92123-1S9S
© 1989Beckman Industrial Corporation. Specificationsaresubject to change without notice.

Finally, for the vertical direction, an
NTSC display will not show 525 lines
even though there are 525 lines of
video available. Limiting fact ors in­
clude 42 lines used for vertical t iming
and blanking, the C RT pitch , and the
Kell scanning factor (whic h defines
how much detail fro m a real scene
can be encoded into a scanned for­
mat. In NTSC form at, vert ical reso lu­
tion generally works out to 330 lines,
which is equal to the 330 horizontal
" lines of reso lution" that are possible
for a broadcast NTSC signal.
KARL FRIEDLINE
Liverpool, NY

SPEAKING OUT ABOUT
CABLE TV

First, let me express my sincere
appreciation for Rob ert Grossblatt's
Drawing Board co lumns on PC-board
fabrication and video sys tems. Both
series were timel y, inform ative, and
enterta ining.

I'm wri t ing abo ut cab le-TV signal
" piracy." I wholeheartedly agree with
Mr. Grossblatt's concept that the ca­
ble-TV service should not put the sig­
nal on the line in the first place, if they
won 't permit you to intercept it. In
some areas of the cou ntry, the pre­
mium channel sig nals are blocked at
the pole, preventing the signal from
entering the customer's premises if
not subscribing .

I ' v e b e en p r e a chi n g M r .
Grossblatt's message-that the ca­
ble co mpanies have to catch up with
the phone company in the area of
"open access"-for some time now.
A mid-1960's federal-court dec ision
opened up the phone-company mo­
nopo ly; w e need an equivale nt
federal-government-Ievel decision for
the cable-TV sys te ms.

What I find to be the most unnerv­
ing conditio n is that the fed 's are reg­
ulating the EMF spec trum . It' s as
basic to our democracy as mom , ap­
ple pie, and the flag, that each and
every individual could do wi th the
EMF in the air what he pleased , as
long as he didn 't hurt anybody w ith it! .
Once it's propagat ing thro ugh the
ether, it's free- or should be! Regula­
tion of the signal on a wire is bad
enough, but regulation of what we
can do with what's not even on a
conductor is unconscionable.

Finally, I want to thank you for co n­
tinuing to pub lish such fine technical



Put Professional Knowledge and a

Accredited by
the Accrediting Commission of the

National Home Study Council

THROWING CAUTION TO
THE WIND

In practical ly every article on using
CM OS integrated circuits , repeated
warnings are given on how to avoid
static-c harge damage and overheat­
ing. As a matter of fact , one is always
advised to use sockets, rather than
direct solderi ng.

Recently, I bought a kit to assemble
a " Hadalert " Geiger co unter (Ra­
dio-Electronics, Ju ne 1988, up­
dated June 1989). Presumably due to
space limitations, the 16 lC's had to
be soldered directly to the PC board,

DIGITAL DISPLAYS
I have used the LCD display mod­

ule ment ioned in ':L1.dd a Digital Dis­
play to Your Project" in the June and
July issues of Radio-Electronics
in a Mo rse-code translator based on
an 8085 microprocessor. I havefound
that. while it wi ll respond to a l -rnicro­
second (minimum) write pulse on the
E pin, it requires a minimum delay of 1
mil lisecond between data entries;
that is, individual ASCII letter entries
must be spaced 1-millisecond apart,
even though they will write into the
module wit h a I-microsecond pulse
on the E pin. The standard 6.1 44-MHz
clock crystal was replaced to length­
en the T states .

Everything is done with software
rather than hardware, as is done in
other display devices . For example, if
one wants to enter new data at the
right of the display and push the old
data off to the left. the shift ing must
be done by software addressing indi­
vid ual locat ions in the LCD . That
gives flexibility, but with the limitation
that the slow speed of the device is
not compatible with normal Z80 or
8085 systems.
ADELBERT KELLEY
Tampa. FL

Anot her gripe of mine is not know­
ing the channe l allocations on my
fr iends' cable systems. I propose that
all channels be ass igned a 3-digit
identifier. For example, Showtime
might be "347 ." Then, wherever I am,
I could enter 347 in the cable box to
receive Showtime . Cab le bo xes
cou ld even be configured to map
channels in two modes-the current
two -digit randomly assigned channel
and a three-digit universal identifier­
by pressing a selector button .
ROBERT ELBURN
Hicksville, NY

artic les and continual ly st icking your
necks out. Keep up the good work.
RAYMON D C. MINICH
Bradford, PA

P.O. Box 542, Dept. RE1090
Lake Geneva, WI 53147

Use KLOCKIT's Quick·Mount
Inserts To Complete

Your Electronics Project
Turn Projects Into Profit!

FREE 54-page 1990 Fall Catalog
KLOCKIT is your best source for com­
plementing elect ronic projects with
hygrometers, thermometers, barometers
and mini clock inserts. Our catalog
features quartz clock movements and
exclusive clock kits . Build a clock for
yourself or to give as a gift! Call for large
volume pricing.

Call toll-free: 1·800·KLOCKIT (that's 556-2548)

FREE CABLE TV
I enjoy reading Drawing Board in

Radio -Electronics , especial ly
Robert Grossblatt's editorializing in
the July issue. I agree that once the
signal is inside your te levision set ,
you should be free to modify the TV
for your own persona l reasons in any
manner you choose .

I also feel that signals should not
be scrambled. Subscriptions to cable
should be on a pay-one-price basis,
similar to admission to amusement
parks (unlimited rides for one price) ,
subway fares (unlimited rides for one
token), and the cost of a postage
stamp (25 cents to send a lett er
across the cou ntry or across the
street). After the cable enters your
home, you should be responsib le for
running the cable to all of your cable­
ready TV's. The responsibil ity of the
cable company should end at an inter­
face box on the side of your home,
which would prevent a problem on
your end from loading down the line.

COLLEGE DEGREE
in your Technical Ca reer thro ugh

HOME ~ ~I
STUDY ~Jr: ~

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

Add prestige and earning power to
your technical career by earning
your Associa te or Bache lor degree
through' directed home study.

Grantham College of Engineer ing
awards accredited degrees in

electronics and com pute rs .

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

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

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

CJ)

~
z
o
~ GRANTHAM
w
m College oj Engineering
6o 250 Frontage Road
«
a: Slidell, LA 70460
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• Duty Cycle Control
• Voltage ControlledFrequency

(VCF)

BeckITJan IndustrialT

•

An Attiuet e of Emerson Electric Co.

FG2A Function Generator
• 7 Frequency Ranges from

a.2Hz to 2MHz
• Sine, Square, Triangle, Ramp

and TTLPulse Output

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

8 volumes, over 2000 pages,
including all necessary math and
physics. 29 examinations to help
you gauge your personal pro­
gress. A truly great learn ing
experience.

Prepare now to take advan­
tage of the growing demand for
people abl e to work at the engin­
eering level.

Ask for our brochure g iving
com p lete detailsof content. Use
your free informati on card num­
be r, or write us directly. $99.95,
Postage Inclu ded. Satisfaction
gu aranteed or money refunded.
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For more information andthe location of your nearest authorized
Beckman Industrialdealer call 1-800-854-2708(inCalifornia1-800-227-9781).
Instrumentation Products Division, 3883 Ruffin Road,San Diego, CA 92123-1898
© 1989Beckman IndustrialCorporation. Specifications aresubject to changewithout notice.

At s215 This-Function
Generator Makes More Waves.
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ELECTRONIC
ENGINEERING

Get A Complete Course In

with no sockets . Th e instruct ions
out lined many item s to avoid , es­
pec ially overheating , and said to use
a temperature-controlled iron (if not
available, then a 25-watt iron) and to
allow a short per iod of time between
soldering the pins to prevent heat
buildup.

In spite of all those warn ings, I
somehow managed to solder one IC
in backward . That error was not dis­
covered until all the chips, and most
of the other compo nents, we re in­
sta lled. Of co urse , I was dismayed to
realize it.

There seemed to be three optio ns:
start over, w ith a new board and new
components; remove the IC and buy
a new one, or t ry to salvage the old
one. It was obvious that to remove
the chip, all 16 pins had to be un­
soldered at the same time- impossi­
ble to do.

Since it was Sunday, I co uldn't get
any new parts , and waiting seemed
intolerable, so I dec ided to throw cau­
tio n to the wind. By jamming a small
screwdriver under the offending IC,
whi le using the soldering iron up and
down over the rows of pins, I pried
and jer ked the thing out. It took about
a half hour; all the pins were bent and
one was broken abo ut half way up. By
that time, all the rema ining pin holes
we re fi lled with solder, and I had to
use a very small drill to remove it. I
straightened the pins and put the chip
back in, but I made sure that I did it
properly this time.

Much to my amazement and relief,
the IC wo rked beautifully. (It was the
one that provides the pulse for the
Radalert to measure the counts per
minute)

That experience leads me to be­
lieve that the extre me cautio n urged
in han dl ing IC 's is ove rp layed and,
quite often, unnecessary. There were
also a few diodes that got in back­
wards , but they caused no particular
problems . In the end , the project
worked very we ll, and the Radalert is
now measuring counts in 12-hour pe­
riods around the house to check the
radon level.
J.F. BURTON
Downers Grove, IL

It might have worked for yo u, but
we 'd hesitate to rec ommend yo ur
technique to others! By the way.
haven 't you heard of any of com­
monly -used so lder rem oval tech ­
niques? They would have saved you a
lot of grief.-Editor



EQUIPMENT REPORTS

Optoelectronics
Handi-Counter UTC3000

A 10Hz-2.4 GHz universal
counter that lives up to its

name.
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T hanks to surface -mount tech­
nol ogy and M MI C 's (mo no ­
lith ic mi c ro wave integrat ed

circuits) , handheld frequency coun­
ters are rapidly approaching the ca­
pabilities of ben ch t op model s . A
good illust ration of that trend is the
UTC3000 Handi-Counter f rom Op ­
toelect ronics, Inc. (5821 N.E.. 14th
Avenue, Fort Lauderdale, FL 33334).

The UTC3000 is truly a handheld
counter, m e a su rin g abo u t
5Y3X 4 x 1Y2 inches. Even with its ex­
truded-a luminum case and built-in Ni­
Cd battery pack, the Handi-Coun ter
we ighs less than one po und. But
don 't let those statist ics lead you to
thinking that the counter is short on
capabi lit ies and features .

The Handi-Counter has two input

channe ls that provide a basic mea­
surement range from 10Hz to 2.4
GHz. One channel, input A, has an
input impedance of 50 ohms, and can
be used to measure signals from 10
M Hz to 2.4 GHz. A w hip antenna is
perfec t as a probe for input A, and is a
good choice for RF measurements.
The second channel, input B, has a
high input-im pedance (1 megohm, 30
pF) and can be used to measure sig­
nals from 10 Hz to 40 M Hz.

The input sensitiv ity of the 50-ohm
input is < 1 mV for signals with fre­
quencies to 200 MH z, decreasing to
< 5 mV to 2 GHz, and to < 10 mV to
2.4 GHz. Although outs ide the rated
capabilit ies of the counter, the Handi­
Co unter can typically measure sig­
nals up to 3 GHz, but with reduce d
sensitivity.

The rated sens itivity for the high­
impedance input B is < 10 mV to 20
MH z, and < 20 mV to 40 MH z. Typical
maximum readings exte nd up to 80
MH z, again with reduced sensitivity.

The front panel of the counter fea­
tures a 1O-digit LCD readout. The dis­
play features a bui lt- in 16-segment

ty slot in the PC , and connect it to the
com puter's power sup ply. ( If yo u
don't have any free power-supply ca­
bles, there's no need to wo rry--a set
of "Y" adapte rs is included .) Then
you plug one end of the ribbon cable
into the rear of the card, and the other
en d to th e t ermi nal box . If th e
Powercard conflicts with any other
installed card, its base address can
be changed by moving a set of jum­
pers.

The Powercard is contro lled by an
easy- to -use, intu iti ve program. The
voltage and current output of each
power supply is indicate d numerically
and with a bar graph. Voltage and
current sett ings and limits can be en­
tered numerically or they can be in­
creme nted us ing the cursor keys .
Power-supply sett ings can be saved
in files , and readings can be logged
automat ica lly. O ur only compla int
about the softwa re is a minor one:
The selected field is sometimes diffi­
cult to find because it is made dim
rather than being highlighted. In co lor,
the selected field is much more ob­
vious.

an add-on board that turns any IBM
PC or compatib le computer into a
triple -output program mable instru­
mentat ion power supp ly and multi­
meter. It feat ures one 0-6-volt , 2-amp
supp ly, and two - 15 .7- + 15.7-volt ,
200-mA bipo lar s upp lies . Thi s
"power supp ly on a board" is com ­
plete ly conta ined within the PC; volt­
ages are brought out to the user by a
26-p in ribbon cable and, if des ired,
into a convenient term inal box with 5­
way binding posts .

Install ing the Powercard is easy.
You simp ly plug the card into an emp-
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Analyx Powercard PC-controlled Power Supply
~.. -~"';F:-'"18· . ' . v-i ,. "

Transform your PC
into a triple-output
programmable power supply.

A lthough the IEEE-488 or Gen­
era l-Purpose Interface Bus
(GPIB) is in no danger of be­

co ming obsolete, tes t eq uipment
contro lled by the PC bus is becoming
increasing pop ular. That's great news
for small test labs and even hobbyists

~ who are looking for a lower-cost way
z to get auto mat ic test and measure­
~ ment capab ilit ies . The latest examp le
o we 've seen is the Powercard pro­
~ grammable powe r supply from Ana­
w6 Iyx, Inc . (PO. Box 14644, Fremont ,
(5 CA 94539.
~ The Powercard model PPS-1606 is
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Pomona's
Universal Adapter
Kit lets you make
your ownconnectionson the spot. You get
two each ofindustry's most popularstyles;
BNC, TNC, SMA, plus
"N" malesand
females. Plus,
a special Double
Banana Plug and
Double Binding
Post. And, four
intermediate
couplers to make it
your way. Kit No. 5698

ACaseForReliable Connections.
There'squality in every piece, with gold
plated center pins and silver plated bodies.
And everything'sin a hinged, plastic case
foryears of dependable use. You'll find

the best selectionof
coaxial adaptersin the

pages of the new
Pomona Catalog.

See your near­
est Authorized

Pomona Distributor.
POMONAELECfRONICS,

1500 E. Ninth St.,
P.o. Box 2767,

Pomona, CA 91769
(714) 623-3463
FAX (714) 629-3317

You don't have to be worried about
sys te m crashes, however; the soft ­
ware con tinuously monito rs the PC's
supp ly voltage and displays a warn ing
if the voltage drops below 4.75 volts .
The Powercardwill automatically shut
down if the PC's supply voltage drops
below 4.6 volts .

A lthough it's sure to be copied, the
Powercardis forthe time being a one­
of-a-ki nd inst rument. It' s priced at
$995 . R-E

IOIRl C========:JrMlRWII.111
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THIS SAMPLE SCREEN DISPLAY shows
the settings of the three powe r sup plies,
and their readings as measured by the on­
board 12-bi t AID converter. The mul ti mete r
sec tion in this example is set to it s resis­
tance mode.

the A input to that of the B input. Aver­
aging modes for time-interval and
per iod measurements can increase
the resolut ion of the display. Aver­
ages of 10, 100, or 1000 measure­
ments can be selected.

The Handi-Counteri s supp lied with
a high-accuracy crys ta l timebase with
a rated stabi lity of 1 ppm (part-per­
million). A TCXO (temperature-com­
pensated crystal osci llator) time ­
base , wi th a rated accuracy of 0.2
ppm is available as an option .

Wi th a base price of $375, the
UTC3000 is a tough competi tor that
should come out a winner in most
battles . The precis ion TCX O time­
base will add $80 to the cou nte r's
cost , and an extra Ni-Cd battery pack
(that doubles the opera tion time to
more than two hours) will cost an
additional $24. A custom-fit protec­
tive vinyl carryi ng case is available for
$ 15.

If yo u 'v e bee n t hin kin g o f a
benc hto p counte r, we enco urage you
to look at Optoelectroni cs' handheld
that seems to offe r the.best of two
worl ds. R-E

Wh ile the software supplied with
the Powercard is adequate for most
purposes, comple te instruc tions are
provided for reading from and wri t ing
to on-board regis ters so that th e
board can be contro lled by user-writ­
ten software.

We found the Powercard to per­
for m flawlessly and according to the
manufacturer's spec if ications . We
liked th e fact th at-because our
computer is already on our test
bench- the supply added virtually no
clutter to our already-crowded work
surface . We also liked that. unlike
other computer-controlled supp lies ,
the Powercard is se lf-contai ned . A
separate hos t interface card (as is
required for GPIB equipment) isn't
necessary. And since it's directly con­
trolled from the PC bus, it's fast

Of course, si nce the Powercard
gets its power from the PC's supply,
its output power is limited. And even
though most PC's have plenty of ex­
cess power-supp ly capacity (the
Powercard consumes a maximum of
30 watts), there is the poss ibility of
ove rtax ing the computer's supp ly.

bargraph that indica tes the relative
st rength of the input signal. That fea­
ture makes the counter ideal for rela­
tive field- strength measurement s or
even for locating hidden transmitters
or bugs.

While th e Hendi-Coun tere basic
spec ificat ions are impress ive, its ad­
ditional featu res , including period- ,
time-interva l-, and ratio-measure­
ment modes, are what make it ap­
proac h the capabil ities of a bench- top
unit.

The additional modes are selected
by using a FUNC TION sw itc h, w hich
sc rolls throu gh the diffe rent options.
When the power sw itch is turned on,
the counter comes up in the frequen­
cy mode. Successive presses of the
func tion switch wil l se lect period , in­
te rva l, and ratio funct ions; the se ­
lected mode is indicated by LC D
annunc iators .

In the tim e-in t erva l mod e. the
pulses that start and stop the timing
must be applied to the A and B inputs
respec t ive ly. In the rat io-m easure­
ment mode, the counte r displays the
ratio of the frequency of the signal at

21



NEWPR
Use the Free Information Card for more details on these products.

DIAGNOSTIC DIS PLAY
CARD. THE JDR POS T
Code display card provides
sys te m design e rs . eng i­
neers . int egrat o rs . and
compu ter enthusiasts with
a t oo l t hat loc at es th e
source of a system failure
and disp lays a diagnostic
code. Designed to alleviate
the frust rating hours ofte n
spent trying to track down
sys tem failures. th e ca rd
saves time. energy, and re­
sources. In fact. the card
can ofte n so lve problems in
a matter of minutes. that
wo uld have taken hours.

The easy-to -use POST
Code card plugs into an
available bus slot and uses
LED ind icat ors to display
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the code that co rresponds
to the prob lem . The mean­
ing of th e code can be
found in the BIOS list ings in
the manual that co mes w ith
the card . That wi ll help you
to quickly locat e almost
any prob lem.

The 80286- and 80386­
compatib le card features
sw itch less and jumperless
des ign for easy installation
and LED indicators for all
power-supp ly vo ltages .
Di s pl ay LE D 's may be
placed on-board , or on a
back-pa ne l bracke t for
ea sy reado uts w ith a
closed case . Because the
circu it uses a dual GAL­
chip des ign. it ens ures ul­
t ra- low current operat ion
and low noise.

The POST Code diag­
n o st i c card costs
$49.95 .-JDR Micro­
devices. 2233 Branham
L a n e . Sa n Jose . CA
95124; Tel: 408-559-1200;
Fax: 408-559-0250.

OPTOELECTRONIC IN­
TERFACES. Du bbed the
" Byte-to- Lig ht" so lution.
the FOXI tra nsmitter and
receiver integrated circuits
from Advanced Micro De­
vices . In c . (AMO) and
8T&D Technologies co n­
vert light waves direct ly to
compute r-readab le data .
thus eliminating the tech­
nical prob lems that once
made optica l connectio ns
diffic ult to use. The devices
make it as easy for engi­
neers to desig n optica l
links into elec tron ic sys ­
tems as it is to install any
other int egrat ed circu it .
AMD expec ts the " first in­
te lligent optoe lectronic in­
terface circuits" to dramat ­
ically increase the use of
pho to nics in co mput ing

Toll Free Order Line:1-800-327-5912 FU 305 )771-20 50 • FAX(305 )771-2052 ..
582 1 NE 14th Ave nue · F t. Lau derda le . FL 3:3334

Visa . ;-'fC. CO D. Cash . .\1.0 .ilc/;,t·ptt ·d , Pe r- onnl Check a llow 3 week!'. 5' ; Ship ping. Hc ndli nu. t Xla xim um SIO) C .S. & Ca nada . 15' ; out side cont inen tal U.S A.
In FL add 6' ; - nle.. ta x. Full -lin e Prod uct a nd Acces sory Ca ta log available on requ es t .

P rofession a ls a nd Hobbyists all over
the worl d ha ve chose n DEI for 16

ye a rs! Shou ld n 't YO U?

. HANDI-CO UNTERS! ...On ly from OEI!
Choose t he model t ha t fit s your ne eds...
a nd you r budget ! CAL L NO\V!

---_I OPTOELECTRONICS
The only name in HANDI-COUNTERS

Check These Incredible Features
On The All New UTC3000
• 10Hz t o 2.4GHz Range.

Simply a mazing!
• 10 Digit LCD Display.

1Hz resoluti on to over 150 J\.IH z direct.
Readable in bri ght sun light.

• R F Signal Strength Bargraph.
16 Seg men t, Zero, & Fu ll Sca le adj ustment.

SEE the input signal!
• Super Sensitivity. <1mV IO-200:\lHz.

<5mV to 2G Hz for efficie n t ante n na pickup.
• 6 Funct ions. Fr equency, P eri od , Rat io

T im e Interval , Average. & P rescal e.
• Hold Button.

"Locks in " your exa ct Measu rem ent FAST !
• Extruded Aluminum Enclosure.

Design ed to fit every ha nd .
• P ri ced Ri ght! Only $375.

Includ es Nicnds . AC Cha rg er/Ada pte r .
Or Se lect Our Most P opul ar
HANDI-CO UNTER, the model 2210A
t ha t set t he s t a nda rd in ha ndheld

fre que ncy counte r techn ology!
Value P r iced a t only $239.

$179.$ 239 .$3 25.

10 Dig-it H Digi t HDigi t
LCD LED I.ED

16 Segment
Adju sta ble
Bc rgra ph

lO;-'!Hz· 10H l - I:\lHz-
2.4G Hz ~ ·Ha l, 1.3GHz

Sensit ivity: < 1 to < 10m V ty pical. Time Ba se: =. I .pp m.: -=. .Sppm. odd $75 ­
LED Models : ..:t .2 pp m add $HO. - LC D ;-'Iodl·l... Nicad-, & AC' chOlrJ:cr '
ad ap ter included. Carry Cast' , Antenna s a nd ~he!'l

extra . One ye a r parts & labor war ran ty 0 al l product:'.

Range 10Hz-
2A GHz

10 Digit
Display LCD

w/Functi on
Annunc iators

RF Si gn a l 16 Segme nt
Str e ngt h Adju stable
Ind icator Bar gruph

Pri ce $ 37 5.

Model UTC3000 2600H 2210A 1300 HlA

Frcq . Per iod
F u n cti on Ra tio.Inter val . F reque ncy Frequency Freque ncy

Avg. Presca le
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Discover Your Career Potential In The
Fast Growing Field Of High-Tech Electronics!

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

25

Apt# _

Send For Your
Catalog Todayl

Practical Training...
At Your Own Pace.

Through CIE, you can train foryour
new career while you keep your pres­
ent job. Each course allows a gener­
ous completion time, and there are
no limitations on how fast you can
study. Should you already have some
electronics experience, CI Eoffers
several courses which start at the
intermediate level.

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

In 1969, CIE pioneered the first elec­
tronics laboratory course, and in 1984,
the first Microprocessor Laboratory.
Today, no other home study school can
match CIE's state-of-the-art equipment.
And all your laboratory equipment is
included in your tuition cost. There is
no extra charge-it'syours touse while
you study at homeand on thejob after
you complete your course!

Earn Your Degree To
Become A Professional

In Electronics!
Every CI Ecourse you take eams you

credit towards the completion ofyour
Associate inApplied Science Degree, so
you can work towards your degree in

stages. And CI Eis the only school that awards you
for fast study, which can save you thousands of
dollars inobtaining the sameelectronics education
found in four-yearBachelor's Degree programs!
Write for details today!

Area Code/Phooe No. _

I City/State/Zip g
I ~ ~
I Check boxfor G.!.Billbulletinon educational benefits: 0 Veteran 0 ActiveDuty ~

LMail_Thi~ Coupo~Today! _ARE-12.6J ;

r------------------
I tiE World Headquarters .......:::--== =._.
I Cleveland Instituteof Electronics, Inc.
I 1776East 17thSt., Cleveland, Ohio441 14

o YES! Please sendme your independent studycatalog (For your convenience,
CIEwill have areprese!ltative contact you-there is no obligation.)

Personal Training From A
Renowned Faculty.

Unlike the impersonal approach of largeclass­
roomstudy, CI Eoffers you one-on-one instructional
help 6 days a week, toll-free. EachCIElesson is
authored by an independent specialist, backed by
CI Einstructors who workdirectly withyou to
answer your questions and provide technical assis­

tancewhen you need it.

Consumer Electronics

If you're anxious to get ahead ...and
build a real career...you oweit to

yourself to find out about the Cleveland
Instituteof Electronics!

CI Ecan help youdiscover your
career potential in the fast growing
field ofhigh-tech electronics. A career
that will challengeand excite you
every day...reward you with a powerful
feeling of personal accomplishment...
anddeliver a level of financial security
you may have only dreamed ofbefore!

As the leading school inhome-study
electronics, CI Ehas helped over
150,000 students in the U.S.A. and
over 70foreign countries get started in
this exciting field. To find out how CIE
could be helping you...read on...then
send fora CIE catalog TODAY!

A Growing Need For
Trained Professionals!

The career opportunities shown here
are only a few of the challenging, high­
paying careers you could enjoy as an
electronics technician.

You could be the "brains" behind the
scenes of an exciting TV broadcast...
trouble-shoot life-saving medical equip­
ment...designexotic new aeronautics
systems...CIE's job-oriented programs
offer you thequickest possiblepath to
the career ofyour dreams! And CI Ealso features
military and union re-training, to build on what
you already know.

Dozens Of Fascinating
Careers To Choose From!

Even if you aren't surewhich career isbest for
you, CIE can get you started with core lessons
applicable toallareas ofelectronics. As you
advance, CI Emakes job opportunities available
toyou through the bimonthly school paper,
The Electron.
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and networking.
The FOXI tra nsm itter

converts bytes to li gh t
waves ; t he recei ver re ­
trieves the light wave signal
from a fiber-opt ic cable and
converts it into electronic
data ready for use in com­
puter systems. Each piece
occupies the same amount
of space on a PC board as
does a standard 28-pin IC.
The result is that design­
ers-even hobbyists-can
easi ly interface norma l
computer data to fiber-op­
tic media to take advantage
of the power of fiber-optic

cable in applications such
as computer backplanes ,
switching in PBX's , and
proprietary local area net­
works . FOXI is a 1300­
nanometer LED so lution ,
practical in high-end de­
signs where lasers-the
other light source used in
light wave communica ­
tions-would either be too
expensive or require too
much power.

The circuits are pin-com­
pa tib le with AMD ' s
TAXlchip set , a monolithic
inte lligent electro nic inte r­
face that can be applied to
optical sys tems; the IC's
can therefore be used to
lengthen data- tra ns mis ­
sion distances on boards
that are already set up for
coaxial cable. FOXI (actu­
ally an acronym for fiber op­
tic TAXI), incorpora tes the
TAXIchip solution and op­
tical data links in a single
package for a quick, cost­
effective, and easy-to-use
optoelectron ic interface.

The FOXI set operates

up to a speed of 125 MHz
and can transmit data at a
rate of up to 12.5-million
bytes per second-the
equiva lent of 150 million
words per minute , and
about ten times faster than
most current wire-based
connections .

The two -piece (Am79h­
1068 /69) FOX I set is
priced at $295 per set in
lots of 1,000.-Advanced
Micro Devices, lnc. , 901
Thompson Place, PO. Box
34 53, Sunnyva le, CA
940 8 8 -300 0 ; Te l. 800 ­
538-8450, Ext. 45667 or
408-749-5667.

LABELING SYSTEM.
De si g ned t o take t he
guesswork out of comput­
er-sys tem hookups, AMT
Communications ' Label
Logic kit includes 144 high­
quality, si lk-screened la­
bels and an EZ Reference
card. When used to mark
ports , cables, drives, ex­
pansion slots, peripherals ,

CIRCLE 14 ON FREE
INFORMATION CARD

etc., the labe ls wi ll com­
pletely ident ify the parts of
almost any PC system .
The EZ Reference card pro­
vides definitions for all the
terms that are printed on
the labels, as well as con­
venient places to write in
periphera l information, set­
up information, hard-dis k
partitions , error mapping ,
and documentation for in­
stalling the labels.

Label Logic has a sug­
gested retail p r ic e of
$6.95.-AMT Communi­
cations, 2741 Plaza Del
Amo #201 , Torrance, CA
90503; Tel: 213-320-7757 .

Train at Home to be an
Electronics Technician!
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Pro fess iona l training a nd equipmen t ca n help
you qua lify for a dynamic, high-paying career
in your spare time.

As the demand for computers and micro­
processors in busines s and manufactu ring
continues to grow , so does the need for
qualified technicians. It' s not unusual for ex­
perienced technicians to earn from $35,000
to more than $40 ,000 a year.* Now there 's
a way you can train for this exciting field
without interrup ting your job or home life.

Choose From These Programs of Study

- Electronics & Microprocessor Technology

- Industrial Electron ics & Microprocessor
Technology

-Com puter Servicing & Electron ics
Technology

-Specialized Associate Degree In
Electronics Techn ology

You Get Professional Equipment
For Professiona l Training

Depending on the program you select, you' ll
perfect your skills using this advanced equip­
ment, included in the price of tuition:

(OJ< Sourc e: lJ.S . Bun:;JU of Laoor SW ll "' li ~' '' 1

- IBM-Compatibl e
Personal Computer

- Digital Multimeter
- Digita l Logic Probe
- Elenco Oscilloscope

Exclusive Extras
Th at Enha nce Your Training

Peoples College introduces some training firsts
to make your learni ng experience more
complete :

- Accelerated Learning System - a scien­
tifically proven study system that lets you
learn faster and easier than ever before .

- Optional One-Week Seminar - available
with our advanced programs. Conducted
on our campus near Orlando, Fla . Not
required for graduation, but a valuable
opportunity to fine tune your skills with
personal guidance.

- Video Tutor Training Tapes - give you a
permanent , visual record of inform ative
lectures and close-up demonstrations.

- Experience Labs - professionally
designed experime nts that give you hands­
on " bench" experience .

-Industry Certifi cation Training Guide ­
provided with three of our programs.
Gives you first-hand insight into the
examination you may take for your
professiona l license.
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For COLOR CATALOG Mail
Coupon or Ca ll TOLL FREE

1-800-765-7247
Programs viftrt d only in United StaIn , Canada . Puerto Rico
{UU/ Virgin Is/ands. No Obligation. No salt s ptrson will call.

Our prog rams are accredited by the Acc rediting
Commission of the National Home Study Council

~ - - - - - - - - - - - - - - - - i
YES! I would like to kno w more about your
training programs. Send a catalog to:
Name _

Address _

City _

Sta te Zip _

,~E~!:~oS9~~
I 233 Academy Drive - P.O . Box 421768
I Kissi mmee, FL 34742-1768
1 '~m~l'r ..!) .~. P~oP:' ~n~p R~()~ )



PARTS TESTER. De­
signed for fie ld-service, in­
dustrial, and hobbyist ap­
plications, the mode l 815
from B&K-Precision tests
capacitance and resis ­
tance in a variety of compo­
nents and tests tran­
sistors, SCR's, diodes,
LED's, and batteries in 26
ranges. The rugged hand­
he ld instrument is de ­
signed to withstand a five­
foot drop, and is water- and

SURGE SUPPRES­
SORS. Philips ECG is of­
ferin g three s urge s up­
presso rs that are eac h
designed for the protection
of specific types of elec­
tronic equipment. Used
with TV 's , VCR's, cable
converters , satellite re­
ceivers , and aud io re­
ce ivers , th e EMF-TV3 of­
fers protection aga inst
transient voltage spikes on
TV-signal lines from signal

CIRClE 16 ON FREE
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to ground and from signal
groun d to AC - p ow e r
ground. The EMF-325 tele -

communications surge
suppressor offers protec­
tion against transient volt­
age spikes on all telephone
l i nes- r i n g (red), t ip
(green), common (yellow),
and auxiliary (black), It is in­
tended for use with mod­
ems, fax machines , cor­
dless phones, telep hones,
and answering mach ines.
Both the EMF-TV3 and the
EMF-325 protect the AC­
power li ne in a ll three

Hode l 815
Parts Te st e r
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overload-resistant as we ll.
Its case seals out rai n,
grease, dirt -and other con ­
taminants. The tester fea­
t u re s a 3 1/2- dig i t LC D
readout. a stand for bench
use, test leads, and com ­
ponent-insertion sockets .

Th e 8 15 tests capac i­
tance from 0.1 pF to 20 mF
in capacitors , cables ,
switches, and other com­
ponents , with accuracies
ranging from 0.7 5 % to
1.5 %. Res istance mea ­
surements span fro m 0 .1
ohm to 20 megohms. Tran­
sistors can be tested for
both gain and leakage ;
SCR 's, diodes, and LED's
are tested for forward junc­
tion voltage , and batteries
are tested under load for
voltage outpu t.

The mode l 815 parts
tester has a suggested list
price of $99 .00 .-B& K­
Precision , Division of
Ma xtec Internationa l
Corp., 6470 West Cortland
Street, Chicago 6063 5;
Tel: 312-889-908 7.

New B&K-PRECISION Parts Tester checks capacitors,
resistors, transistors, diodes,SCRs, LEOs and more. .
There's no need to guess about components with • Tests capacitance from O. lpF to 20mF in
B&K-PRECISION's 815 Ports Tester. It accurately capa citors, cables, switches; ather compone nts.
measures the most-used components and displays • Tests resistance fr om 0.1 ohmto 20 megohms.
theirvalues on a lorge 0.8" LCD readout. Rugged • TestsSeRs, diodes and LEOs.
design and tilt stand make itwe ll suitedforfie ld • Tests transistor gainand leakage.
or bench. • Tests batteries under true load conditions.
One look at this quality instrument will convince • 26 measurement ranges.
you the B&K-PRECISION 815 is the best buy. For • 5 foot drop-resistant case.
detailed specifications or immediate delivery, • Tilt stand fo r bench use.
contact your locol distributor. • Incl udes test leads

~~ 8K~~"..~. Domestic and Inte rnat ional Sales
'.: r~~. 6470 W. Cortland se., Chicago, IL 60635

~, MA~ INTERNAnONALCORP. 312-889-1448· FAX: 312-794-9740
~ Canadian Sales , Atlas Electronics , Ontario
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modes-hot to neutra l. hot
to ground , and neutra l to
ground . The surge sup ­
pressors have fused output
and surge circuitry and a
power/protection indicator
lamp.

Desig ned to pro tec t
modems, computers , and
per iphera ls us in g t he
RS-232 port from power
surges that can cause loss
of data and damage to sen­
sit ive microprocessors, the
EMF- 232C data- line pro ­
tector feat ures RX (re ­
ceive) , TX (transmit), and
SG (sig nal gro und) data ­
line protection. The device
shunts tra nsie nt vo ltage
spikes through high-quality
meta l-o xide varis tors
(MOV's).

The EMF-TV3 , EMF­
325, and EMF-232C have
suggested retail prices of
$18.70, $16.25, and $8 .35,
respect ive ly.-Ph i l i p s
ECG , 1025 Westm inster
Drive, Wi ll iamsport, PA
17701 ; Tel: 800 -526 -9354 .

DIGITAL AND ANALOG
MULTIMETER. Called the
"DAMM," mode l A-445
from Protek is a full-func­
tion digital and analog mul­
timeter. Its easy-to-read ,
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clean-look ing, 4Y2-inch mir­
rored analog scale provides
nulling, peaking, and trend
indications , and the bo ld
3Y2-digit LCD readout de­
livers prec ise measure­
ment values. The DAMM
indicates true RMS for AC

voltage and current. Offe r­
in g AC freq uency re­
sponses over 100 kHz on
the 200-mV range and 20
kHz on the 2-volt range, as
we ll as dB-measurement
capabilit ies, the meter is a
usefu l too l fo r te lecom­
munications, audio, and in­
dustria l technicians . Seven
ranges of AC and DC cur­
rent allow measureme nt
from 10 amperes to a low
10 nA. which is convenient
for checking circuits and
components for leakage.
Diode test and audible con­
tinuity check functio ns are
also provided.

The DAMM digita l and
ana log mult ime te r, com­
plete with safety probes,
battery, and spare fuse ,
costs less than $100 .00.­
Protek lnc., P. O. Box 59 ,
Norwood, NJ 07648.

ELECTRICAL TESTER.
A lt houg h ,it looks (a nd
works) like an ordinary
pocket-sized screwdriver,

CIRClE 18 ON FREE
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A . W. Sperry 's mode l
ST-400A does double duty
as a hig h-vo ltage circuit
tester. The ful ly-insu lated
too l checks voltages from
90 to 250 volts. It clips onto
a shirt pocket, and comes
in handy for driving or re­
moving screws, too .

The mode l S T-400A
electrica l tester/screw­
driver has a suggested re­
tail price of $2 .99.-A.W.
Sperry Instruments,
lnc., 245 Marcus Bou le­
vard , Hauppauge , NY
11788; Tel: 516-231-7050 .

SURFACE-MOUNT
TEST-CLIP SERIES. ITT
Pomona has introduced a
family of clips for breaking
out high -density leads of
surface-mounted plastic-

KENWOOD
OSCILLOSCOPES

TUNI NG 'OR
SHIPPINGMODel RANGE CHANNELS PASSBAND PRICE

23H 50·06MHz 2.3 (or 6 meier haml 50·300 MHz 1,n
NO

48FM 66·108 MHz 45 6 lor an' FM 50·300 MHz "n SHIPPING
1417 120·144 MHz HlA\ 151Bl 161Cl 17IDJ 50-400 MHz 13n or

1822 18(E) 19(F) 20(G) 21(H)22(I)
C.O.D.

144·174 MHz SHOO MHz $30 CHARGES
713 174-216 MHz 7.8.9.10.11.12.13 so-roo MHz $30

• ATTENUATION - 45 dB TYP ICAL
• BANDWIDTH - 4101HzAT 5 dB POINTS
• INSERTION LOSS - 2 dB

3 for $75 • 10 for $200 • mix or match
CALL TOLL FREE FOR C.O.D.OR SEND CHECK TO ORDER

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

star Circuits
P. O. Box 9 4917

Las Vegas, NV 89193-4 917

1-800-433-.6319

MODEL CS-4025
20 tlHz, Dua1 Channel
Osc illoscope .
REG . $495.00

SALE $349.95

800-638-2020

e!!e~n~~.
8931 8rookville Rd.
Silver Spring, NO 20910
(800}638-2020 (301}587-7824
FAX' 301-585-5402
EASY ORDER FAX LINE (800}545-0058

IIXlEl C5-5170
100 MHz , Dual Channel,
4- Trace, Dela yed Sweep.
REG . $1695.00 SALE $1399.95

IIXlEl C5-6010
100 MHz , 4 Channel,
lO-lracf , Dela yed Sweep.
REG . $1995.00 SALE $1699.95

IIXlEl CS-602O
ISO MHz, • Chenne l ,
10- Trace, De 1eye d Sweep .
REG. S2390 .0 ,' SALE $1999 .95

II)()El C5-5130
40 MHz , Oua1 Channel,
'-Trace , Delayed Sweep.
REG. $1095 .00 SALE $899 .95

AIlAlOG OSCIll0SCOl'ES WID RL\DOOT

II)()El CS-5135
40 MHz, Ou. l Channel ,
Delayed Sweep.
REG . $895 .00 SALE $719, 95

II)()El C5-5155
50 MHz, 3 Channel,
6- Trace t Del ayed Sweep.
REG . $995.00 SALE $819.95

IIlOEL C5-5165
60 MHz , 3 Channe l,
6- Trace, Del ayed Sweep.
REG. $1095 .00 SALE $899 .95

II)()El CS-215O
150 MHz, 4 Channel ,
8- Trace , Delayed Sweep.
REG . $2395.0 0 SALE $1495.95

AIlAlOG OSCIllOSCOPES W/READOOT/CURSOR5
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quad flat-pack (PQFP) de­
vices with 100 to 160 pins.
The 5640 Series of clips fit
EIAJ Ie's of 100, 120, and
160 pins, spaced on 0.65­
mm CO .02 5-inch) and 0.80­
mm (0 .0315-inch) centers .
Model 5643 fits the 120­
pin (20 x 30), model 5644
fits the 120 -pin (30 x 30),
and model 5645 fit s the
160-pin (40 x 40) devices .
They " break out " each IC
pin to a more accessible
0 .6 4 - m m CO.02 5 -inc h)
square post.

The clips. which are cost
effect ive co mpared to hand
wirin g o r access ing diffi­
cult-to-tes t leads. feature a
press-o n design to fit di­
rectly over t he surface­
mounted Ie's, keyed by a
No. 1 pin locator. Contac t
w it h the lC's g ull -w ing
leads is via spec ially co n­
figured , gold-plated , beryl­
lium-copper pins . The clips'
bodies are made of black,
molded, liquid -crysta l poly­
mer. Mul t iple rows of go ld-

CIRCLE 19 ON FREE
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plated , phosphor-bronze
square pins are positioned
o n a gr id des ig ned to
match co mme rc ially avail­
able headers.

In single quanti t ies. the
list pr ices of th e model s
5 643 , 5 6 44 . and 5645
PQFP IC clips are $317 .00,
$353.00 . and $425.00 , re­
spec tive ly.-ITT Pomona
Electron ics. an In EMC
Worldwide Company. 150 0
East Ninth St reet, Pomona,
C A 91 769 ; Tel : 71 4­
623-3463 ; Fa x : 714­
629-3317.

DIGITAL T R O U B L E ­
SHOOTING KITS. Fo r
f ie ld- se rv ice and educa­
t ional app licat ions, Global
Specialties has int roduced
three digital-logic test kits
that are TTL and CMOS
compat ib le . The mo dels
LTC-6. LTC-7. and LTC-B
each feature a logic probe,
a 16-channel logic monitor.
a log ic pulser, a ton e-ohm ­
meter. and an accessory
kit. all packaged in a rug­
ged plastic car rying case .
Each kit con ta ins a logic
probe to find pul ses too
fast for osci llosc opes : The
LTC-6 co ntains a 10-M Hz
probe, the LTC-7con tains a
35-M Hz probe , and the
LTC-B contains a 100-MH z
probe. The stat ic and dy­
namic states of 16 logic in­
pu t s are sim ulta neous ly
d is p layed o n the lo g ic
mon itor. The digital pulser
is a pocket-size pulse gen­
erator used to st imulate
logic circuits wit h a single
pulse or a continuous pulse

CIRCLE 20 ON FREE
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trai n. The tone-ohmmeter
locates bad IC 's and circuit
shorts without unsoldering
part s. The acc essory kit in­
cludes probe tips, ground
c lips , tip ada pte rs, and
quick hook cab les, allowing
" hands-free" tes ting.

Pr ice s fo r th e LTC-6,
LTC-7. and LTC-B dig ital­
logic test kits range from
$299 .00 t o $379 .00
e a ch .-Global Spe­
cialties, 70 Fulton Terrace ,
New Haven, CT 06512; Tel:
1-800-572-1 028. R-E

STANDARD FEATURES

• FUll FUNCTION: Direct and
prescaled Frequency, Periods
(or averages), Time Intervals (or
averages), Frequency Ratios.

• WIDE FREQUENCY RANGE:10 Hz
to 2.4GHz, useful1Hz to 3 GHz

• HIGH RESOLUTION: 1secgate
timedisplays 1Hz in 200 MHz.

• HIGH ACCURACY: TCXO
± 1ppmstandard

. 16 element signal strengthmeter
• 10 digit LCD readout
• NBStraceable calibration

ONLY S579

GEl's model UTC 8030 is a full­
featured Universal Counter-Timer
with a FrequencyRnder built in a
unique bench/portable enclosure.

The FrequencyRnder's10mV
antenna sensitivity and NiCad
batteriesprovide true off-the-air

measurementsat maximum distance
from any transmitter up to 3 GHz......._.

I
OPTOELECTRONICS, INC.

5821 NE14TH AVENUE
FORT LAUDERDALE, FL33334

FLORIDA PHONE (305)771 -2050

CIRCLE 195 ON FREE INFORMATION CARD

OPTIONS
TCXO 80 $125
High precision ± 0.1ppmsealed 10 MHz
20°-40°Ctemp controlled xtal oscillator
NICAD 80 $75
Internal rechargeableNiCad battery
pack for>2hours fieldusewithout
recharging
Bl80 ' " $40
Display backlight fornighttimeuse

ASK ABOUT
USEFUL ACCESSORIES

1-800-327-5912
FAX (305) 771-2052

o
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NEW LIT
Use the Free Information Card for fast response

1990 INDU S T R I A L
HANDBOOK AND AP ­
PLICATION GUIDE. Ac­
culex, A Met r a B y t e
Company, 440 My les
Standish Blvd., Taunton,
MA 0278 0; Te l :
508-880-3660 ; free .

Newly expanded to 80
pages , thi s ca ta log co n­
tains full product specifica­
tion s and pr ices for a
v a r i e ty o f ind u stri al
monitorin g and co nt ro l
products for instrument
manufactu rers , indu stri al
OEM 's , and end use rs .
A lso included are applica­
tions, wiring diagrams, and
4-20-mA Process Loop
accessories . Six sub-mini­
ature th erm ocou ple and
RTD -input DP M 's have

CIRCLE 22 ON FREE
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been added to the Acculex
line of digital panel meters.
Ot her new items include a
full line of calibrato rs, sig­
nal-co ndit ioning modul es ,
count ers/ t imers, and the
"Acupac " 4-20- mA Rack
Mount Signal Cond itioning

Syste m. Th e w ide array of
products described covers
virt ually all indu strial ap­
plica t io ns fro m t em pera­
ture , po sit io n, pressu re ,
pH, high/low-level voltage
input , dy namic watt mea­
surements, level sens ing,
and resistance bridges.

1990 FULL LINE CATA­
LOG. Sencore, Inc., 3200
Sencore Drive , Sioux
Fa lls , SD 57107 ; Tel:
1-800-SENCORE; free .

Sencore's entire line of
products- all made in the
U .S .A ., a nd 93 % pa t -.
ented- is described in th is
cata log . Inclu ded are th e
lat est in instrum ents for
test ing audio , video, and
cab le sys tems . Also fea-

CIRCLE 24 ON FREE
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tured are component and
waveform analyzers, IEEE/
RS23 2 inst ruments, and a
full lin e of accesso ries .
Specificat ions and applica­
ti on informati on are also
provided . R-E

MARK V ELECTRON ICS INC
ORDER IN CALIFORNIA800-521-MARK
ORDER OUTSIDE CA 800-423-3483

, • FREE CATALOG & INFORMATION (213)888-8988
Competitive Pricing ", Fast Shipping FAX (213) 888-6868

26.20

35.00

Fully Assembled
$ 139.00 $~

$ 70.00 $ ~
$ 68.8 0 $ 9tMlO"
$ 96.00 $~

TA-3600

POWER TRANSFORMERS

METAI. CA81NETS WITH AtUMIN\lM PANEL I

DESCRIPTION MATCHING
56VCT. 60VCT 6A TA-800, TA-802, TA-820A. TA-1000A, TA-1500 ..
72VCT 3A TR-503, TA-323A. TA-400. TA-300 ....
80VCT 6A TA-477 .
48VCT 6A TA-120 MK 2 ..
52VCT 3A TR-355B ..
36VCT 5A TR-355A ...
112VCT 8A TA-3600 ..

DESCRIPTION

~t~~~n2~~~~~a~~rh~~~~~;~~"l ~~~ : : : :: : : :: . . $ rU~ $ ~~ g~
FM Wire less Microphone . . 10 .2 2
AC/DC Quartz Digital Clock..... t 9.00
SoundfTouch Control Swi tch 12.00
lnfared Remote Contro l Unit w/case 20.00
Bar/Dot Level Meter ......... . 24.15
31>Digital Panel Meter a . 29.00 38.00
20 Steps Bar/Dot Audio Level Display......... . 38.45 46.14
Superior Electronic Roulette 19.46 27.24
7 Band HI-FI Graphic Equalizer 26.80 38.80
4 Channel Professional Co lor Light cootrouere . 139.00
AudioN ideo Surround Sound Processor ............* . 62.00 70.00
Dynamic Noise Reduction ..... ... 26.00 34.00

H" x W" x D" MATCHING PRICE
3"' 12" 7" TA-2800.TA-377A, TA-2200 . ...$ 22.16
4"' 16" 8" TA-323A, TA-377A, TA-2200 .. 26.64
4"' 19" 111>" TA-B02. TA-B20A. TA-1500. TA-120MK2. TA-800, TA-l000A 32.00
5"' 19" 11'h" TA-477. TA-800. TA·1500. TA-l 000A. TA-3600 .. 35.00
21-'. 19" 8"' TA-377A. TA-2800. TA-2200. TA-120MK 2 . 28.50

MODEL
#001
#002
#003
#004
#005
#006
#007

MODEL
LG-1273
LG-1684
LG-1924
LG-1925
LG-1983

MODEL
TY-23B
TY-25
TY-35
TY-36
TY-38
TY-41MKV
TY-42
TY-43
TY-45
TY-47
SM-222
SM-328
SM-333
SM-666

... Beginner ...... Intermediate ......... Advanced *
SM-328

SM-333
TA-2500
TA-2400A

$ 69.50
20.76
20.76
22.65

$ 43.00
48.00
52.00
44.50
90.00

179.00

$ 17.20
18.71
39.80
29.00
70.00
38.35
75.00
34.93
85.00
79.20
59.72
49.37
80.58
95.81
58.24
96.00
68.80
63.57
38.50

103.00

ASSMB.

"SSMB.

ASSMB.

Metal Ca binet

KIT

29.50
59.95
28.00
68.00
60.92
45.94
40.39
59.69
73.70
47.70

48.90
27.00
79.00

LG-1924LG-1925

POWER SUPPLIES

INSTRUMENTS KIT

AMPLIFIERS KIT

3'h Multi-Functional Led D.P.M. (w/ABS plastic case) $ 34.50
4 lh Hi-Precisio n D.P.M.............. 38 .00
4 lh Hi-P rescision a .p .M. (w/ABS plastic case ) 41.20
3'h Multi-Functional LCD D.P.M. (w/hold function) 36.00
150 MC Di9ital Frequency Counter ............. 79.00
1 GHz Fre uenc Counter *.

0- 15V 2A Regulated DC Power Supply (w/case) $
0-15V 5A Regulated DC Power Supply a . 14.55
0-30V 3A Regulated DC Power Supply a . .. 14.55
0-50V 3A Regulated DC Power Supply ......... 15.75

DESCRIPTION
Digital Voice Memo $ 30.00
MUlti-Purpo se Melody Gene rator 12.84
MUlti-Purpo se Melody Generator 13.65
35W Class "A" Main Powe r Mono Amp . . 28.50
30W Multi-Purpose Sinqle Channel Amp . 20.00
60W Ste reo Power Booster (w/case) .
30Wx2 Stereo Pre-main Amp .
Hi-Quality FET Stereo Pre-Amp .
40W Solid State Mono Amp ..... .
120W Mos tet Power Mono Amp .
80W+80W DC Pre-Main & Power Amp .
80W+80W DC Stereo Main Power Amp .
60W+60W OCL DC Pre-Main Stereo Amp .
1DOW Dyna mic Class"A"Main Power Mono Amp .
100W x2 Class "A" DC Ste reo Pre-Main Amp .
FET Super class "A" DC Pre-Amp .
Elect ronic Echo & Reverberation Amp *.
HQ Pre-Amp. wit 0 band graphic equalizer * .
HI-FET Ie Pre-Amp . w/3 way tone cont rol .
Stereo Simulator (mono TV I any mono source) .
300W HQ Hi-Fi Power Mono Amp .............

Kit Se t
Assmb . Set

+
Transformer

Due to this specia l offer & low price, we can only exchange or repair any of these units
(TA-3600, TA-477 , TA-B02 & TA-1000A) within 15 days of your receipt.
The above prices are for the complete sets. For separate unit price . please see below.

... indicates the level of difficulty in the assembling of our Products.
Amp lifie r TA-3600 TA-477 TA-802 TA-1000A

;7 +

<:Metal Ca binet LG-1925

TR-100A
TR-355A
TR-355B
TR-503

MODEL
TA-28MK2
TA-50N B
TA-50C
TA-120MK2
TA-300
TA-302
TA-323A
TA-377A
TA-400
TA-477
TA-800
TA-802
TA-820A
TA-1000A
TA-1500
TA-2200
TA-2400A
TA-2500
TA-2800
TA-3000
TA-3600

•

.11
II

:; . ::.. .... . .
... . __ · 11

Wl' aCCl>C: .....a.o- c-ec.rca- es Money ()I oels Cneck, and CO D ()Ioel s COD lee IS$5 00 f.l ,n,mum ()foer '5 $20 00 • We sh'P b y UPS grOund .os-ce US rrrun $3 OOl aroct ShtOby US ma,1 Business & Showroom hou rs : (Pac ific Time)
O~:5 at' uS P ease ca. au ' sa esceoa -tmeet lor e-ee-sover Z IbS ()f 10/e'O" o ners •All assee-e'ee u" ,ISnave a 30oay sw auanly · Qu aill y or VO'umeO 'SCOu"1 ava ,labie upon -eccesr • RI!SoOents Mo n. th ru Fr i. 9 :30 am to 5:00 pm
0' CA o ease aoc se-es la o (i :"5", • ALI "l ercnand,S€'ale Sub,ec l lOproOf sa'e Pr.ces ale Subjec.I IO e.hange wllhOvl P' l()f ootc e We e-e nol reWQns'ble 10' lyPOgrdl ',e.al errors Sat . 10 :00 am to 5:00 pm

MARK V ELECTRONICS, INC. - 8019 E. Slauson Ave, Montebello, CA 90640~E31iJ
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WITH CIE,
THE WORLD

OF ELECTRONICS
CAN BE YOUR
WORLD, TOO.

r----- ---------------------------------------------
A RE-l 77

C IE Cleveland Institute of Electr onics, Inc.
17 76 Eas t 17th S t r e e t , Cleveland, Ohio 44114

MAIL
TODAY!

Zip: _

START WHERE YOU WANT,
GO AS FAR AS YOU WANT.

CIE's broad range of entry,
intermediate, and advanced level
courses in a variety of career areas
gives you many options. Start with
the Career Course that best suits
your ta lents and interests and go as
far as you w ant- all the way, if you
wish, to your Associate in Applied
SCience Degree in Electronics
Engineering Technology. But
wherever you start, the time to start
is now. Simply use the coupon
below to send for your FREE CIE
cata log and complete package of
career information . Or phone us,
toll-free, at 1-800-321-2155 (in Ohio,
1-800-523-9109). Don 't w ait ask for
your free catalog now. After aIL
there's a whole w orld of electronics
out there waiting for you.

CIE
Cleveland Instit ute of Elect r onics, Inc .
17 7 6 Ea st 17 th S t reet . C le vela nd, Ohio 4 4 114

MemberNHSC
Accredited Member National Home Study Council

YEs... I want to learn from the specialists in eledronics-CIE.
Please send me my FREE CIE school catalog, including details about
CIE's Associate Degree program. plus my FREE package of home
study informatidn.

Name (p rint): _

Address: _

City: State:

Age: Area Code/ Phone No.: / _

Check box for G.I.Bill bulletin on educational benefits:
o Veteran 0 Active Duty

such study demands. Programs that
give you the theory you need
backed with practical experience
using some of the most
sophisticated electronics tools
available anywhere, including our
Microprocessor Training
Laboratory with 4K of random
access memory. Of course, if you
ever have a question or problem,
our instructors are only a phone
call away.

SPECIALISTS NEED
SPECIALIZED TRAINING.

It stands to reason that you
learn anything best from a
specialist and CIE is the largest
independent home study school
specializing exclusively in
electronics, with a record that
speaks for itself. According to a
recent survey. 92% of CIE
graduates are employed in
electronics or a closely related
field . When you're investing your
time and m oney. you deserve
results like that.

L ook at the world as it was 20
years ago and as it is today.

Now , try to name another field
that 's grown faster in those 20 years
than electronics. Everywhere you
look you'll find electronics in
action. In industry, aerospace,
business,medicine, science,
government communications­
you name it. And as hlgh
technology grows, electronics will
grow. Which means few other
fields, if any, offer more career
opportunities, more job security,
more room for advancement-if
you have the right skills.

INDEPENDENT STUDY
BACKED BY PERSONAL
ATTENTION.

We believe in independent
study because it putsyou in a
classroom of one. So you can study
where and when you want. At your
pace, not somebody else's. And
with over 50 years of experience,
we've developed proven
programs to give you the support



Electronics Engineers & Designers!

Take any 3 books for only $495
(Values to $168.40)

SHARPEN YOUR SKILLS-With Quality, Affordable Professional Books
COMPUTER SCIENCE _ ENGINEERING MATH--------------.

3241P $16.95
Get immediate access to infor­
mat ion on calculations for all
types of projects and phenome­
na with this handy reference.
280 pp.

Algorithms
on'Graphs
~

•
3429 $29.95
Your source for well-developed .
ready-to-use computer algorithm
codes. 180 pp.

932 1 $49.50
This time-saving handbook pro­
vides problem-solving calcula­
tions for engineering design .
production and research. 4 16 pp.
Counts as 2

3200 $32.95
Guideli ne s fo r e nha nci ng
software-driven project manage­
ment in large or small business­
es. 320 pp. C OIl1l/S as 2. .

3059 $34.95
Master the art of mode ling , ren­
der ing , and animating on your
IBM'" Pc.
524 pp. Counts as 2.

- TROUBLESHOOTING AND
REPAJRINQ niE NEW

JUIU) YOlIII OW>!

80386
IBM COMPATIBLE
AND SAVE A BUNDLE

3283 $28.95
Cove rs all aspects of LAN plan­
ning. installation . and operation,
includin g standard and non­
standard arrangements. 240 pp.

3197P $24.95
Provides all the information
needed to begin programming
with batch files . 400 pp.

3237P $24.95
Thi s handy guide demonstrates
such ad va nce d fea tu res as
debugging applications and Vir­
tusl 8086 Mode . 432 pp.

3131 $26.95
Assemble your own powerful
microcomput er system ... it ' s
easy and inexpensive. 224 pp.

2809 $29 .95
This hands-on serv icing manual
cove rs IBM-P C/XT/AT and
compatibles. MAC. Apple II
series. C-64& 128 and more. 4 16
pp.

ELECTRONIC CIRCUITS--------- - - - - - - - - - ----- - - - ---1

_...-

5Ol.DERHG HANDBOOK
PRMm CIRCIJITS

SURfACE MOtMN;-.----..--_...-

9825 $49.95
A comprehensive manual for
soldering and cleaning printed
circuit boards. 430 pp.

9243P $12.95
This book will eliminate the
guesswork in choosing the best
circuit or trac king down mal­
functions in a completed circuit.
282 pp.

9244P $18. 95
This revised and updated edition
is bot h a co mpre he ns ive,
industry-wide reference. and a
valuable co llection of projec t
ideas. 5 12 pp.

I~LECT'RONICCIRCUITS
...-., ....

"1"'''''''''''''"1"'1"',.,,.,1"'"
,.I'"1"''''I"'"I"'"

"1"',.,,.,1""''''
1938 $60 .00
Over 1.300 useful and versat ile
electro nic circuit designs.
768 pp. C OIl 1l/S as 2

3258 $27 .95
Step-by-step instructions for
troubleshootin g and repairing
the latest in electrical equipment.
3 10 pp.
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COAX ADAPTER KIT
• Create any adapter in seconds
• Make all combinations of BNC, TNC, SMA,

N, UHF, Mini-UHF, F and RCA.

The TPI 3000A kit contains male and female
connectors of all 8 types, and 6 universal inter­
faces. Simply screw any combination of 24
connectors to one of the interfaces to create the
desired adapter. $150
TEST PROBES, INC. 9178 Brown DeerRoad,
San Diego,CA 92 121. Call toll-free for catalog:
1-800-368-57 19

CIRCLE 189 ON FREE INFORMATION CARD

ECONOMICAL SILICONE
RUBBER TEST LEADS
Best value in moderately priced leads. High
quality, soft, silicone rubber cable. Banana plug
on measuring tip accepts push-on accessories;
alligator clips included. Plugs have spring­
loaded safety sleeves. Model TLlOOO $14.00
Satisfaction guaranteed.
TEST PROBES, INC. Call toll-free for cata­
log: 1-800-368-5719
CIRCLE 225 ON FREE INFORMATION CARD

FREE PROBE REFERENCE GUIDE
One-page chart lists TPI probes for most oscil­
loscopes. Also cross references other probes to
less expensive TPI equivalents. Performance
and satisfaction guaranteed.
TEST PROBES, INC. Call toll-free for guide
and catalog. 1-800-368-5719
CIRCLE 226 ON FREE INFORMATION CARD

The World's Most Popular Probe

CIRCLE 228 ON FREE INFORMATION CARD

Model SPIOO $43
100 MHz Switchable l x- IOx ....

9178 Brown Deer Road
San Diego, CA 92121
Toll Free 1-800-368-5719

TE T
PROBES, INC.

Free cross reference chart for all makes
of scopes and probes. Call toll-free for
chart and name of your local distribu­
tor.

• For Tektronix, Hewlett Packard,
Philips, Leader, B&K, Kikusu i,
Hitachi, Beckman and other
oscilloscopes

• Immediate delivery from distributo r
stock

• Economical - Substantial savings
compared to OEM probes

• Durable - Unique cable is slim, very
flexible and resists breakage

• 10 day return policy - Guaranteed
performance and quality

More SPIOO Probes Have Been Sold Worldwide
Than Any Other Probe Ever Made

CIRCLE 123 ON FREE INFORMATION CARD

DELU XE TEST LEAD KIT
Users call TPI leads The Absolute Best. The
TLS2000 features the highest quality cable in
the industry - with spring-loaded safety-sleeved
plugs. U.L.l isted (file E7958 I). Kit: $30 Leads
and probes only: $19 Satisfaction guaranteed.
TEST PROBES, INC. Call toll-free for cata­
log: 1-800-368-5719

CIRCLE 227 ON FREE INFORMATION CARD
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STATE-OF-THE-ART -------------------------------;

3140 $49 .95
Includes details on PLD technol­
ogy: architectural characteris­
tics , tec h. tradeoffs , logi c
synthes is. software tools , de­
velopment syste ms, and hard ­
wa re. 480 pp . Counts as 2

C4HANDBOOK
'A

3098 $44 .50
A co mprehensive overv iew of
CA D/CAM, CAE. and CIM
concepts, capabilities and appli­
cations , 43 8 pp . Counts as 2

9781 $68. 95
Designed to help dea l effec tive­
ly with todays fast-paced EMC
techn ology. 707 pp.

9773 $44.95
Examines the significant ad­
vances in commu nications tech­
nology . 406 pp .

2962P $17.9 5
Com plete schematic diagrams,
part s lists , and photos for build­
ing a va riety of projects.
296 pp .

ELECTRONIC COMPONENTS

U",.....
1..

3199 $52.00 2672 $49 .50 3151 $39. 95 3037 $24.95 9290 $36.00 9305 $59. 50

3199 SMT layout and design guidelines for effi­
cient assembly processing , inspection and repair.
180 pp. Counts as 2

2672 Linea r integrated ci rcuits- specificatio ns,
prices & data . 6 14 pp.

3 151 Provides detailed insight into every aspect of the engineering design process-from the preco ncept phase
through the life-cycle cos ts and com mercial applica tions . 334 pp . CO ll/IIS as 2

3037 Build your own neural networkin g breadboa rds-systems that can store and retrieve like the brain' 160 pp.

9290 Prov ides many never -before-published troubleshootin g techniques and case histories. 3 15 pp .
Counts as 2

9305 The solution-oriented handbook for practicing enginee rs at all levels . Contain s hundr eds of info rmative
illustrations and diagra ms demonstrat ing key prin ciples. 600 pp . Counts as 3

How the Club Works:
YOUR BENEFITS: You get 3 books for $4.95 plus shipping & hand­
ling when you join, You keep on saving with discounts of up to 50 %
as a member.

YOUR PROFESSIONAL BOOKSTORE BY MAIL: Every 3-4 weeks,
you will receive the EE&D Book Club News describing the Main Selec­
tion and Alternates, as well as bonus offers and special sales, with scores
of titles to choose from .

AUTOMATIC ORDER: If you want the Main selection, do nothing
and it will be sent to you automatically. If you prefer another selection,
or no selection at all, simply indicate your choice on the reply form provid­
ed. You will have at least 10 days to decide. As a member. you agree
to purchase at least 3 books within the next 2 years and may resign at
any time thereafter.

BONUS BOOKS: Starti ng immediately you will be eligible for our
Bonu s Book Pian with savings of up to 80 % off publishers' prices.

IRONCL AD NO-RISK GUARANTEE: If not satisfied with your
books , retu rn them within 10 days without obligation!

EXCEPTIONAL QUALITY: All books are quality publishers' editions
especiall y selected by our Editorial Board.

All books are ha rdcove r unless number is followed by a " P" for pape rback.
(PUblis hers' Prices Shown)
~ 1990 EEDBC. Blue Atdge Summit, PA 17294-0860

INTRODUCTORY lO-DAY FREE EXAMINATION

~ -----------------,
I~-I ELECTRONICS ENGINEERSI." & DESIGNERS BOOK CLUB 8M I

I eo=: 0 Blue Ridge Summit, PA 17294-0860 I
I D YE S! Please accept my membership in the Electronics Engineers I
I & Designers Book Club and send my 3 volumes listed below billing I
I me $4.95. If not satisfied, I may return the books within 10 days and I

have my membership cancelled. I agree to purchase 3 or more books
I at regular Club prices during the next 2 years, and may resign at any I
I time thereafter. A shipping/handling charge and sales tax will be added I
I to each order. I
I I
I I
I Name I
I ~~ I
I City I
I State Zip Phone I
I I
I Signature I

Valid for new members only. Foreign ap plicants willreceive spec ial ordering instruc-

I tions. Canada must remit in U.S . funds . Ihis orde r is s ubject to acceptance by the I
Electronics Engineers & Designers Book Club . DRE1090 ..

~-------------------
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THE SI'OHT OF MODEL HOUI{E·

try allows hobbyists to man­
age their own miniature space
program. Small-scale rocke ts .
usually constructed from pape r,
plas ti c , and balsa wood , are rou­
t inely launched with commercia lly
made solid-fuel motors . Reach ing a l­
titudes between 100 feet a n d severa l
m iles. model rockets are safely recovered
by parachute to allow repeated flights and to
redu ce the risk of personal injury.

In NAR (National Association of Rocketry)
contest events, a vis ual tracking system usirig
triangulation is used to determ ine the peak a -
ti tu de of each model. The contestant who lauNd:ii
h is rocket out-of-sight. or th rough the cloud
receive a "track lost" rating instea d of altitude:
Visual tracking, depende n t upon weather co
a nd operator skill. can often be difficult . ang the
wh o wants to know how h igh hi s model went
the time to set up and operate visual trackers.

Our rocket altimeter was developed to help cont~st" " "a.~"":;,;";,,,,,
rock eteers determine thei r model s' altitude witHout fra<;K' lng.
Th is airborne "flight-recorder" is an all-CMOS microcomputer
that is coupled to an atmospheric pressure sensor via signal-con­
di ti on ing circuitry Powered by a 9-volt ba ttery. the u n it is small
enough to be launched in a 0 -. E-. or F-motor powered model rocket.
(The letters indicate the relative power of each engine; in alphabetical
order, each engine is twice as powerful as the previous one.) The unit takes
a pressure sample every lf4 second a nd s tores 1000 data values in memory
during the [ligh1.

The completed system contains two sections : the flight-recorder section that
goes up in the rocket, and an LCD module that's u sed to di splay flight data back
on the ground. When the rocket retu rns to Earth, the LCD module is connected to
the flight recorder and the peak alt itude achieved can be displayed in 50-foot
increments, along with a lf4-speed "playback" of the en ti re flight. Rocketeers now ~

tn
m
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FIG. 2-THE SENSOR'S OUTPUT VOLTAGE (V1 - V2) ranges from 10-50 mV, and is
proportional to atmospheric pressure.

1
LEADS FOR
ELECTRICAL

CONNECTION

MICRO­
PROCESSOR

CDP1 802 SAMPLELEO=-L..- --I

PIN llTEMPERATURE OUTPUT(+)
PIN2}Vs
PIN 310UTPUTI+}
PIN4)GROUNDo PIN 5)OUTPUT(-)
PIN6lTEMPERATUREOUTPUT(- l

PRESSUREMEDIA(Al

stored. Figure 5 shows the sche­
matic of the analog boa rd ; the
pressu re sensor is located on this
board . The output from the sen­
sor is buffered and fed to the VIF
converter, which provides the fre­
quency input for the micro­
processor. Figure 6 shows the
schematic of the display module
boa rd . It is basically made up of
the di splay driver and the display
its elf, but also contains' the con-

PEAK

ZERO

PLAY8ACK

SENSYM

BonOMVIEW

PRESSUREMEDlA(Bl

-""'::;'---05

+--i-Wr/---o 4

+5V

30--'---<

nected to the other two boards
via a ribbon cable to play back
flight information.

Figure 4 shows the schematic
of the CPU board; it gets its input
from the analog boa rd and logs
the data every Y4 secon d . The cir­
cuit consi s t s o f t he mi c ro­
processor wh ich calcu lates the
altitude, the EPROM con tain ing
the operating software , an d the
RAM where the alt it u de data is

FIG.3-THE BLOCK DIAGRAM OFTHE SYSTEM.The pressure sensor is buffered with an
op-amp to feed a voltage-to-frequency (V/F) converter. At ground level, a signal of about
3.7 kHz will be output by the V/F converter ; at 15,000 feet, the sign al is about 2.9 kHz.

FIG.1- THE MONOLITHIC CIRCUITRYinside the SCX15ANpressure sensor is deposited
on a silicon chip that has a cavity etched out to form a diaphragm. A port is on top, and a
vacuum reference cavity is on the bottom. The result is a sensor that measures absolute
barometric pressure, which is then converted to altitude.

h ave a reliable and a ccurate
m eans to m easure the altitude
that a model reaches . The data
ob tai n ed can then be u sed to ca l­
cu late the speed an d acceleration
of the rocket.

Figu r e 1 s h ows t he c o n ­
struc tio n a n d pinout of t he
SCX15AN pressure sensor u s ed
in the a lt im e te r. The sen s or,
manufactured by Sensym (1255
Reamwood Ave. , Sunnyvale, CA
94089) , is a low-cost (about $42)
piezoresistive IC in a strain­
gauge bridge con figu ration. The
monolithic circu it ry inside the
sensor (s ee Fig. 2) is deposited on
a silicon ch ip that has a cavity
etched out to form a diaphragm.
A port is on top, and a vacuum
reference cavity is on the bottom.
The result is a sensor that mea­
su res absolute barometric pres­
sure . Output voltage (V1 - V2)
ranges from 10-50 mV, and is
proportional to atmospheric
pressure-which, of cours e, var­
ies with alt itu de. Although the
en t ire unit is not temperature
compensated, the sensor itself is,
by means of two built -in ther­
mi s tors. Bes t accuracy for the al­
t ime te r i s a c h i eve d in th e
55-75°F range. Outside that
range , a s h ift of 2 % for every 10°F
will occur.

Figure 3 sh ows the block di­
agram of the sys tem . The pres­
sure sen sor is buffered with an
LM324 op-amp to feed an LM331
voltage-to-frequency (V/F) con­
verter. At ground level, a signal of
about 3 .7 kHz will be output by
the V/F converter. As the at­
mospheric pressure decreases
(with increasing altitude), that
frequ ency also decreases; at
15,000 feet, the signal is about
2.9 kH z. An RCA 1802 micro­
processor calcu lates the altitude
data from the frequency input.

The en ti re system is made up
from th ree separate PC boards,
although only two ever leave the
grou n d. The pressure sensor, th e
LM324 buffer, the VIF conver ter,
an d other su pport circ u itry is lo­
cated on an "analog" PC board,
a n d t he microproces sor a n d
data-logging circuitry are on a
"CPU" bo ard. The two boards a re
h eld together with screws, and
elect r ical con nection s are jurn­
pered between the two. The di s­
play module is built on a separate
PC board, an d it stays on the
grou n d; the module must be con-
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TPA 34

EFl 24 EFl +~1~ g~+5V Rl + 5V
l4

1/6 4584 1/6 4584 xrs
~ 10MEG 2I h6ICl INPUT

CDP1802BE FROM 1 ICS-a 6 ICS-b 10 . AP.

JV

ANALOG 1/2 4520 9 1/2 4520
+" 20 Vss XTAl1 80ARD 11 19
d~ 1 15

"--~DI:- ~ * Al0 16 06 CLK 07
Vee 20CLK100flF

XTAl1 39 S IC7-c 6 - +SV A9 15 OS 0-16V DE
C3, 3~.-"-'1'45" 1

AS 18 07 IC8 GJL".1 LEDl A2 17 06 74HC374 DO ,l. ....
o 4 Al 14 OS 01,.L

Q 1/6 4584 RS
40 Voo

+ SV ~~8
10.0 AO 13 04 02J-.

~
R4

~. 03JLVee 22K 04
~ OMAI N V 4 "4-
~ OMA OUT R6-a 01

Jl~ 2.7K 2N4401 -=-~ EF2 23 Jl -8 Jl -7 CLKINTERRUPT
" PEAK...1. WAIT MRO 7 +SV

J1-1 ,10 MWR Ml:I
120

MWR 35 21 WE OE~
A1 3 18 r G VppJ1L.,bGND

TPB33 Al0 19 Al a Vee 24 C2 Ala 19 Ala Vee~

N019 A9 22 A9 :r .1 A9 22 A9 .!". Cl

CLR 3 IAA 23 A8 CSl 18 -=- m ' A8 23 A8
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A7 32 MA7 87 8 B7 A7 1 IC2
B7 17 87 A7 1 A7

IC3
B7 17 B72 A7 HM6116LP-4 27C16A6 31 MA6 86 9 B6 IAfi

86 16 B6 A6 2 A6 CMOS EPROM 86 16 B6A6 RAM
A5 30 MAS 8S 10 BS A5 _--..l AS BS 1<; 85 AS 3 AS BS 15 BS
A4 ?Q

MA4 84 11 B4 A4 4
A4 B4 14 B4 A4 4 A4 B4 14 B4

A3 28 MA3 B3 12 B3 A3 5 A3 B313 B3 A3 5 A3 B3 13 B3
A2 27 MA2 B2 13 B2 A2 6 A2 B2 11 B2 A2 6 A2 B211 B2
Al 26 MAl 81 14 Bl Al 7

Bl 10 Bl Al 7 Al Bl 10 BlAl
AD 25 MAO BO 15 BO AO 8 AO BO 9 80 AD 8 AO BO 9 BO

Vss Vss
EF4 EF3 1~ 1~21 22

Jl-4 C>- +SV t---oJl-6
ZERO R6-c R6-b PLAYBACK

2.7K 2.7K MODE

11~~
&L-~ o IC4-a 011---0 DATA

...J,.. ,....2. 1/2 4013 6 Jl-513Jl CK
SI1.-

IC6-a 3 f R3
M~V R...1- 1/ 4 4081

CLR
IC6-d 11

~1 00K
1 2~1 4h

.3-
G S alL-o LOADIC6-b 4

C4";~ R2 l1li Bl 9 0J.. 1/4 4081 lMEG Jl -3lflF IC6-e 10 11 CK IC4-b

R ~-
~. 8 1/4 4081 1/2 4013"=

FIG. 4-THE SCHEMATIC OF THE CPU BOARD. It logs the data to be read back when the
rocket returns to Earth.

FIG. 5-THE ANALOG BOARD outputs a frequency that's proport ional to altitude. The
sensor (IC1) is located on this board.
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trol switches. Power for the dis­
p lay module comes from t he
other two boards via the r ibbon
cable.

The software for the altimeter
is available on the R-E BBS­
516-293-2283. (For those who
prefer to type, the machine code
for the EPROM is shown in Lis t­
ing 1.) The flowchart for the pro- 0
gram is shown in Fig. 7. The ~
software handles data logg ing m
(the sample LED flashes every V4 ~
second), mode switch input, and
LCD in terfacing.
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10 CPU 8OARO

R14
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ANALOG BOARD

All resistors are Y4-watt, 5%, unless
otherwise noted.

R1-50,OOOohms, 25-turn trimmer
potentiometer

R2-notused
R3,R4-40,200ohms, Ya-watt,1%,metal­

film
R5, R16----8060 ohms, J.-il·watt, 1%, metal­

film
R6-2000 ohms, Ye·watt, 1%, metal·film
R7, A8-1 megohm, J.-il-watt, 1%, metal­

film
R9, R13-100,OOO ohms, J.-il-watt, 1%,

mstal-fum
R1D-20,OOO ohms, Va·watt, 1%, metal-

film
Rl1- 100,OOO ohms, 5% resistor, 114W
R12-47 ohms
R14-1000 ohms
R15-6800 ohms, Yl!-watt, 1%, metal-film
Capacitors
C1, C5-4.7 IJ.F, 16 volts, tantalum
C2-G4-1 }1F, 25 volts, tantalum
C6-0.01 j.l.F, 50 volts, 5% film-type
Semiconductor
IC1-SCX15AN pressure sensor
IC2-LP2950CZ-5.0, 5-va" regulator
IC3-LM324N op-amp
IC4-LM33IN voltage·to-frequency

converter
D1-1N4002 diode
Miscellaneous: 9-volt battery and clip,

PC board, IC sockets, wire, solder,etc..

CPU BOARD

All res istors are '\I.-watt, 5%, unless
otherwise noted.

A1-10 megohms
A2-1 megohm
A3-100,OOO ohms
A4-22,OOO ohms
R5-10ohms
A6--2700 ohms, SIP resistor (cut to fit

board)
Capacitors
C1-G3-0.1 }1F, monolithic
C4-1 }1F, 25 volts, tantalum
CS:-100 IJ.F, 16 volts, electrolytic
Semiconductors
IC1-CDP1802CE microprocessor (GEl

RCA)
IC2-HM6116LP-4 RAM
IC3-27C16 CMOS EPROM
IC4-4013 dual D-type flip flop
IC5-4520 dual synchronous up counter
IC6-4081 quad 2-input AND gate
IC7-4584 hex Schmitt trigger
IC8-MM74HC374N octal trt-state 0-

type flip-flop
LED1-red light-emitting diode
Q1-2N4401 NPN transistor
Other components
XTAL1-2 MHz crystal
S1-PC-mount slide switch
J1-1Q-pin header
Miscellaneous: 10-conductor ribbon ca­

ble,3 'lI4-inch #6 spacers,3 #6-32 x ~- .
inch screws and nuts, PC board, IC
sockets, wire, solder, etc..

+-"Nr-+--+5V

nent lead or feed-through wire.
(The boards available from the
source mentioned in the parts
list are plated-through.)

Toassemble the CPU board, fol­
low the parts-placement diagram
shown in Fig. 8. Install the re­
sistors, capacitors, connector,
switch, LED, and transistor. The
crystal may be fastened to the
board with foam tape or RTV sil­
icone cement. IC sockets should
be used to ease any future repairs

JI-5

Jl-3

Jl-T

Construction
Three printed-circuit boards

are used. The pressure sensor
and analog section are combined
on a single-sided PC board. The
CPU board is double-sided, as is
the board for the display module.
If the holes in either of the dou­
ble -sided boards are not plated­
through, feed-through wires
must be used instead. All pads on
the top and bottom of the boards
must be soldered to the compo-

FIG. 7-THE SOFTWARE FOR THE ALTIMETER HANDLES data logging, mode switch
input, and LCD interfacing.

FIG. 6-THE DISPLAY MODULE stays on the ground; when the rocket is retr ieved, the
data from the CPU board is displayed on this module.
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s hown. If you ever clean the PC
board. do not allow any solvent or
moisture to enter the sensor
port. or yo u 'll d a mage i t. You
must test the analog board before
attaching it to the CPU board.

The display board parts-place­
me nt di agram is shown in Fig.
10. Ins tall the resistors. capaci­
tors. connector, LED. and ICI.
The LCD module is plugged into
wire -wrap socket str ips above
ICI. Space the top of the strips 1/ 4­

inch from the boa rd. Make sure
t he LC D pi n s are p e r fe c tly
straight, an d pres s the di splay
into t he socket st ri ps . Th e
finished analog/CPU assembly is
sh own in Fig. 11. and the display
module in Fig. 12.

Testing and calibration
Connect a 9-volt battery to the

+ and - battery input pads on
the analog board. Connect your
DVM an d scope grou n d leads to
battery -. The regulator output
(lC3 pin 4 ) s h ou ld measure 5
volts . Set Rl to midpoint". Con­
nect scope probe to IC4 pin 3;
th is output signal s h ou ld b e a
s h ort . n ega t ive-goin g pulse. re­
peat ing at about 3 .7 kHz. Adjust
Rl to ob tain that value. Use a fre­
quency counter if one is av ail­
able. Apply su ct ion to sensor por t
A (draw a vacu u m with yo ur
mouth) an d verify that the si gnal
frequency decreases slightly.

If the analog board is fu nct ion­
ing. it can n ow be attached to the
CPU board. The wire attachment
points a re designated in the three
parts layouts . The 9-volt battery's
pos itive lead connects to the CPU
board , an d the 9 volts from the
CPU board is jumped over to the
analog board. Also remember to
con nect grou n d . +5 volts. and
the analog output b etween the
two b oards. A rocket is a very
high vibration environ me nt, so
the 9-volt battery snap must be
tape d on. or the leads mus t be
so ldered to the battery. After the
electrical connections are made
between the two boa rds . the ana­
log boa rd is fas tened to the CPU
board with three screws. spacers.
an d nuts.

Wire the pushbutton and tog- 0
gle switches to the d ispl ay PC ~
board as shown in the display- OJ

m o d ul e p a r t s -pl a cemen t di- gJ
agram. One of the normally open CD

pushbuttons is u s ed to select gs

41
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(Tran solve Corp. will not service
any non-socketed unit).

Follow the analog-board parts
layou t shown in Fig. 9, and in­
stall the resistors, jumpe r wire,
di ode. and capacitors. Note that
C6 must be a film -type capaci­
tor-a disc capacitor will cause
excessive drift with temperature.
Next install the tri mmer poten ti­
ometer and the Ie's. Carefully in­
stall t he pressure sensor as

IC1 MOUNTS
UNDERNEATH DSP1

FIG. 1Q-DISPLAY BOARD parts-place­
ment diagram. The LCD module i s
plugged into wire wrap socket strips
above IC1.

DISPLAY MODULE
All res istors are Y4-watt, 5%, unless

otherwise noted.
R1-1 megohm
R2-22,OOO ohms
R3-10 ohms
Capacitors
C1-470 pF, ceramic disc
C2-1 f.1F, 25 volts, tantalum
Semiconductors
IC1-MM5483N display driver
DSP1-LCD009 LCD module
LED1-red light-emitting diode
Q1-2N4401 NPN transistor
Other components
J1-10-pin header
S1, S2-momentary pushbutton switch
S3-SPST toggle switch
Miscellaneous: 4 # 6-32 x 1-inchscrews

and nuts, 8 Y4-inch # 6 spacers, case,
clear plastic sheet for display window,
40-pin wirewrap socket strip,PC board,
wire, solder, etc..

Note: The following items are available
from Transolve Corporation, 13361
Shady Lane, Chesterland, Ohio
44026 (216) 341-5970: Pressure sen­
sor, $42; PCboard set, $35; complete
kit (except case), $135; EPROMonly,
$15; machined case and custom
EPROM's available on request. For
large-scale rocket kits contact North
Coast Rocketry, P.O. Box 24468 ,
Mayfield Heights, Ohio 44124. For
more information on model rocketry
in general, contact the National As­
sociation of Rocketry, 2140 Colburn
Drive, Shakopee , MN 55379.

1---__:11
GROUND FROM
ANALOG BOARD"=" ANALOG BOARD

FIG. 8-WHEN ASSEMBLING THE CPU BOARD, the crystal should be fastened to the
board with foam tape or RTV silicone cement to prevent damage due to vibration.



FIG. 11-THE FINISHED ANALOG/CPU ASSEMBLY. It fits in the payload section of a
rocket.

PEAK. and the other ZERO . The to ­
ggle switch selects the playback
mode (when closed). Install the
header conn ectors on the ribbon
cable that goes between the CPU
and display boards. an d con nect
th e two boards together.

Turn the power swit ch on and
open the playback switch. The
sample LED on the CPU and di s- \
play boards should b e flashing
four times per second. A value of
several thousand feet should be
displayed. Adjust Rl on the ana­
log board for a reading of 100 feet .
then 50 feet. and the unit will
then be calibrated for ground
level. Do not adjust past that
threshold. or the altitude m ea-

EPROM

MICROPROCESSOR

r~~T -

ANALOG
BOARD

'. I

LED

LISTING 1

000000 c O 00 c5 f8 00 b3 f8 fa a3 7a e 3 65 7b 7a 7b 7a
000010 f 8 20 b 5 b1 f8 06 a5 f8 02 a1 f8 00 b2 f8 fO a2
000020 f8 02 55 e1 82 £4 a2 e5 02 f2 32 31 £8 fb a3 30
00 0030 34 f 8 f a a 3 7a e3 65 7b 7a 05 f e 55 3a 27 11 81
000040 f b 06 3a 1a f 8 fb a3 7a e3 65 7b 7a 65 65 f8 00
000050 a 9 b9 19 91;'1 fb 10 3a 52 cO 00 db f8 00 a4 b4 3c
000060 5f 34 61 14 3c 63 f8 00 as f8 05 b5 cO 01 85 fb
00 0070 00 3a 6c c O 01 Oe f8 05 a 1 f8 20 b1 e1 f8 00 73
000080 73 73 51 c 4 c4 f 8 05 a1 01 32 90 f8 00 51 30 95
00 0090 f8 0 5 51 30 bb 21 01 fb 09 32 a1 £8 01 f4 51 30
OOOOaO bb f8 00 73 01 fb 09 32 af f8 01 f4 51 30 bb f8
OOOObO 00 73 0 1 fb 09 32 bb f8 0 1 f4 51 24 94 3a 85 84
OOOOcO 3a 85 cO 00 03 f 8 00 a6 b6 a 7 b7 f8 20 ad bd cO
OOOOdO 01 c O c 4 c4 c4 c4 c4 04 04 e4 e4 35 e7 37 e4 36
OOOOeO e a cO 0 1 45 cO 01 07 cO 01 00 cO 01 78 e4 e4 c 4
0000£0 fe 60 da £2 66 b6 be eO fe e6 00 01 02 00 e4 c4
000100 96 b4 86 a4 cO 00 76 f8 00 a7 b7 f8 20 ad bd cO
000110 00 df e4 e4 e4 c4 c4 e4 e4 c4 e4 e4 e4 c4 94 bf
000120 84 af 96 be 86 ae 9f 3a 2c 8£ 32 36 2£ ge 3a 33
000130 8e 32 26 2e 30 26 ge 3a 3e 8e 32 3e 30 42 94 be
000140 84 a6 cO 0 1 aO f8 00 a4 b4 3c 49 34 4b 14 3c 4d
00 0150 f8 00 a5 f8 05 b5 94 3a 61 84 fb 01 3 a 61 cO 01
000160 70 24 25 95 3a 56 30 5e e4 e4 c 4 c4 c4 e4 c4 c4
000 170 94 5d Id 84 5d Id 30 1e 4d b4 4d a4 f8 00 a9 b9
00 0180 19 99 fb 30 3a 80 30 aO c4 c4 e4 c4 e4 c4 c4 c4
00 0190 c4 c4 c4 c4 c4 c4 c4 e4 c4 e4 e4 c4 c4 e4 e4 e4
0001aO 97 f b 03 3a af 87 fb £0 3a af 2d 2d cO 00 76 17
0001bO 30 ac c4 c4 e4 c4 c4 c4 c4 c4 e4 e4 c4 e4 c4 e4
0001eO f8 20 a5 b5 f 8 00 55 15 f8 01 55 15 95 fb 28 3a
0001dO c4 cO 00 db c4 e4 c4 e4 c4 e4 c4 e4 c4 e4 c4 c4
0001eO c4 c4 c4 c4 e4 c4 e4 e4 e4 c4 04 e4 c4 e4 c4 c 4 FIG. 12-THE DISPLAY MODULE can beoooi eo c 4 04 c4 c4 e4 c4 e4 e4 c4 c4 c4 e4 e4 04 c4 e4 housed in any kind of project case you can
000200 c4 ••• find.
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THE ANALOG BOARD USES THIS FOIL PATTERN.
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In that case, simply adjust the
value of RI6 on the analog board:
increase it by IK to decrease the
reading by 1000 feet, or decrease
it by IK to increase the reading by
1000 feet. Note that the potenti­
ometer has enough range to al­
low for "simulated flights" of
thousands of feet.

If the unit doesn't run, check
for correct parts placement, sol­
der bridges , and other defects .
Verify that a 2-MHz signal exists
on leI pin 1. The crystal circuit
has a very high impedance. Any
moisture or contamination may
prevent oscillation (rosin flux
won't hurt). Touching pins I or
39 of the microprocessor can
cause the program to crash!
Spraying the crystal area with
clear lacquer is recommended. To
reset the program, turn the
power off for 5 seconds, then
turn it back on. Removing the
battery power will erase data .
Switching the PLAYBACK switch to
off will resume data logging at
whatever sample was last dis­
played. The unit must be reset
(turn off for 5 seconds, then on)
before the next flight.

Prepare for launch
Mount the flight-recorder in

the rocket payload section. Pack
it securely with foam or some
other support so that it will not
rattle during flight. Punch sev­
eral Y4-in ch holes in the body
tube near the sensor. An access
port may be cut out to allow the
ribbon cable to be attached.

.,

.,

ON

tDMP.

not cycle . If a 50-foot reading can­
not be achieved, your altitude
above sea level may be excessive.

THE COMPONENT SIDE OF THE CPU BOARD.
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Activate the unit with the dis­
play connected and verify ground
calibration (a 50-foot reading).
Unplug the display, verify that
the sample LED is flashing. and
secure the hatch.

Before launching. however. it
is important to observe certain
safety precautions in order to
avoid unnecessary injury or
property damage. First of all , al­
ways use. properly constructed
rockets, launchers, and factory­
loaded NAR-certified rocket en­
gines. A model rocket should al­
ways have a parachute recovery
system. Never launch a rocket
with a flammable. explosive, or
live payload. Make sure that the
launch area is free of obstruc­
tions such as trees, power lines,
and low-flying planes. Also avoi d
launching rockets on windy days
or when clouds will obstruct your
view of the rocket. To avo id fire
hazards, never launch a rocket
from ground covered with dry
grass or shrubs. Always make
sure that nobody is near the
launch site, especially children.

Launch the rocket using a re­
mote ignition system. About four
minutes of data will be stored,
including the time on launch
pad. When you recover the rock­
et, plug in the display, press the
PEAK b utton, and the peak a l­
titude achieved will be displayed.

Next, switch the playback tog­
gle to the closed position. Press
the ZERO button (h old it for two
sample LED flashes ) and release.
This will start playback from lo­
cation zero at '/4 speed (one sam­
ple per second). The flight can be
played back as many times as de ­
s ired by pushing ZERO. The ZERO

button may be pushed at any
time to restart.

Conclusion
The collected data may be used

to determine the performance of
a model rocket. Many modelers
are flying high-performance com­
posite motors in their "birds" al­
lowing altitudes of thousands of
feet to be reached. Use of the al­
timeter can help optimize rocket
designs to get maximum altitude
for a given engine size.

Non-rocket uses of the system
might include kites. hot-air bal­
loons. hang-gliders. skydivers .
and mountain climbers. What­
ever your application. be care­
fuL .and have fun ! R-E

THE MODEL WTT-20 IS ONLYTHE SIZE OF
A DIME, yet transmit s both sides of a tele­
phone conversation to any FM radio with
crystal clarity. Telephone line powered - never
needs a battery! Up to Y. mile range. Adjusta­
ble from 70-130 MHZ. Complete kit $29.95
+$1.50 S + H. Free Shipping on 2 or more!
COD add $4. Call or send VISA, MC, MO.
DECO INDUSTRIES, Box 607, Bedford
Hills, NY 10507. (914) 232-3878.

CIRCLE 127 ON FREE INFORMATION CARD

CALL NOW
AND

RESERVE
YOUR SPACE

FAX: 516-293-3315

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

ads.
• We typeset and layout the ad at no

additional charge.

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

iIiiliiil
CABLE TV CONVERTE RS AND DE ­
SCRAMBLERS SB-3 $79.00 TRI-BI $95.00
MLD-$79.00 M35B $ 69 . 00 DRZ-D IC
$149.00. Special combos available. We ship
COD. Quantity discounts. Call for pricing on
other products. Dealers wanted. FREE CATA­
LOG. We stand behind our products where
others fail. One year warranty. ACE PROD­
UCTS. P.O. Box 582, Saco, ME 04072 1
(800) 234-0726.

CIRCLE 75 ON FREE INFORM ATION CARD
CIRCLE 127 ON FREE INFORMATION CARD

LOW COST PC LOGIC ANALYZER. De­
signed for students and hobbyists working
with 5V TTl/CMOS signals in the Khz range.
36" data cable-eight channels, external
clock, ground . Selectable trigger & clock
edge, internal clock (1Hz-100Khz). Full-fea­
tured software, state table graphics , file/print
utilities. etc. Over 100,000 samples/sec on 12
Mhz AT. LAl -$99.95. PHOTRONICS, INC.
109 Cami lle St. , Am ite, LA 70422 (504)
222·4146.

CIRCLE 179 ON FREE INFORMATION CARD

FREE CATALOG OF HARD-TO·FIND
TOOLS is packed with more than 2000
quality items. Your single source for precision
tools used by electronic technicians, engi­
neers, instrument mechanics, schools . labo­
ratories 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.

CIRCLE 115 ON FREE INFORMATION CARD

SIMPLY SNAP THE WAT-50 MINIATURE FM
TRANSMITTER on top of a 9v battery and
hear every sound in an entire house up to 1
mile away! Adjustable from 70-130 MHZ. Use
with any FM radio. Complete kit $29.95 +
$1.50 S + H. Free shipp ing on 2 or more! COD
add $4. Call or send VISA, MC. MO. DECO
INDUSTRIES, Box 607, Bedford Hills, NY
10507. (914) 232-3878.
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FRED J. HUFFT

Build this low-cost,
high-performance, 1.6-GHz amplifier/prescaler..
You may want to keep that old frequency counter a while longer..

ENG INEERS . T E CHNICIANS. AND EX­

p eri m en te r s who work w ith
state-of-the-art electronics h ave
an a lmost continuous need to
upda te their test eq u ipment in
this ra pidly changing field . High­
er-frequency, less expensive cir­
cu its have brought forth a n ew
generation of inexpen s ive fre ­
quency counters with im proved
sensi t ivity that can measu re into
the m icrowave region.

With t he in creas ed u s age of
higher frequencies , many qu ali ­
ty-built counters are bein g d is ­
ca rde d main ly due to inadequate
range . Many of these ins tru­
m en t s may on ly wo rk u p to
50-100 MHz, but have valuable
fea tures , including ul tra-stable
time bases that m ight yie ld m u ch
greater accuracy than could b e
found in newer, less ex pe nsive
models .

Enter our solution, a two-stage
a m p lifier and d ivide-by- l0 or
-100 prescaler, with lO-segment
LE D signal strength indicator.
It's inexpensive , compact, a n d
can fit in to a much la rger in s tru­
ment , like the Hewlett-Packard
(HP) Corp. 5245L counter s hown
in Fig. 1. It has a typ ical sen ­
sitivity of 5 m illivolts RMS from
50 MHz-1. 6 GHz, and us ed wit h
s u ch a high -quality, low-range
counter, is a p ractical way to up­
date you r gear.

Ma ny high-qu ali ty, m ajor
bran d , low-range co unters a re
available as surplus for $50-200 .
They're worth at leas t that much,
if only for th e time base , wh ile a
n ewer comparable coun te r may
cos t several ti mes as much. The
pres caler isn't jus t for old cou n ­
ters ; it 's for any cou n ter you 'd like
to exten d the range or se nsitiv ity
of, or provid e with an LED bar­
graph indicator.

Several divider schemes were
con s id e red for t he prescaler,
t rad ing off bandwidth against
cos t ; the original goal was 50
MHz- 1.5 GHz performance wit h
ex cellen t sens itivity. The pre­
scaler di vides (pres cal es] by 10
from 30-500 MHz, and by 100
from 300 MHz- 1.6 GHz, for op­
t im a l res olu ti on fr om "a b asic
cou n ter.

If you want to us e a d irect 50­
MHz co u nter with I-Hz resolu ­
tion and a one-second ga te to
measure u p to 450 MHz, you'd
have to pres cale by 10 for a 7-d tgit
resolution in one secon d, com­
pared with 6-di git resolution if
you presca led by 100. To m ax­
imize display resolution requ ires
that the prescaler be able to di ­
vide by 10 to reach 500 MHz. Bin­
ary di vider s are cheape r and
more common than decimal ver­
si on s , and prescaling by 256 , 512
or 1024 is easier than by 100 or

1000, but decimal divi s ion lets
you move a decimal point men­
tally, an d easily understand the
reading.

Circuit description
Figure 2 shows the block di­

agram of the pres caler, and Fig. 3
s h ows it s sch em atic . IC5 has
both -:- 2 and -:- 5 outputs, the
one in use being selected using
S2. With S2 set to -:- 100 , IC3 is a
-i- 4, and IC4 and IC5 are -i- 5's , for
a -:- 100 . With S2 set to -:- 10, the
input is routed arou nd IC3 to IC4
by PIN diode D4 (acting as a
bandswitch) . IC4 is a -i- 5 coun­
ter, and IC5 is a -:- 2 counter,
creating a -:-10 counter overall.
ICI and IC2 a re broadband Mono­
lithic Microwave IC (MMIC) am­
plifiers u sed on both ranges . The
outpu t of ICI drives LED bar­
grap h DSPl , t he RF s ign a l
s trength indicator. It's very useful
as a relative field s trength meter,
for peaking the output of a cir­
cu it , or jus t as a convenient in­
di cation of sign al presence.

In the prescaler; D4 is used for
bandswitching. When revers e-bi­
ased, it's capacitance is almost
constant from 0 .65-0.75 pF. g
When forw ard-biased , it's capaci- 0
tance ri s es rapidly to 6 pF or ~

more. Its cathode is kept at about :0

+2 .5 volts DC by voltage divider ~
R7-R8; the drop across L4 is neg- 0
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FIG. 1- THE PANEL-MOUNTED VER510N of the prescaler, in an HP 5245L frequency
counter. The HP5245L is often available as surplus for about $200, and the prescaler is a
good way to update it.

FIG.2-THE BLOCK DIAGRAM OF THE prescaler.IC1 and IC2 are MMICamplifiers, IC3 is a
-;- 4 counter, IC4 is a -i- 5 counter, and IC5 has -i- 2 and -;- 5 outputs selected by 52. With 52
on -;-100, the input passes through IC3 and IC4, and IC5 is a -;- 5 counter. With 52 on -;-10,
the input goes around IC3, through PIN diode 04 to IC4, and IC5 is a -i- 2counter. IC1drives
D5P1, the RF signal indicator. PL1 is for the panel-mounted version only.

volt DC bias at the cathode (the
output) ofD4 via L4. D4 is biased
on or off by the 0 or 5 volts DC
switched through L3 at its
anode.

Device IC4 is a Motorola
MC12009 emitter-coupled logic
(ECL) -:- 5 prescaler, with a built­
in ECL-to-TTL output level con­
verter. R9 keeps the circuit stable
with no signal input. IC5 is a TI
745196 presettable binary/de-

+7.2V + 7.2V

FUll SCAlE

R17
SK/4-TURN

R12
2K

I
I ..,.
I
I
I
I
I
I
I
I
I
I
I
I

W m I

os 1N4007 1N4007 :

1N4007~-*~ ~~~T~~"i FII~~D +sv:
v~~N1JC : OFF AND FILTER REGULATOR :

@-; S1 I
J3.L : - - - (j;r> POWER :S~~ I

'=' I (S1FOR..,. I

! AP·90 ONlY) 5K/4.TURN :
'- ----- -- --- - - - --- - -1 .--, ---------------.3...r:.---- --1 I ~ : 1 Pl1

IDS-OJ ANDPLl FOR ..,. (250 624 6 36 1)
PANEL·MOUNT VERSION ONLY) \ 050 13 260/

R2-L2-CI5 for IC2. Carbon-com­
position resistors Rl and R2 tem­
perature-compensate collector
current in ICI and IC2. Ll and L2
prevent Rl and R2 from affecting
the load impedance, which
would reduce amplifier gain. IC3
is an NEC UPB582 -i- 4 MMIC pre­
scaler, with R3, C8, C9, and D4
as its bypass for the -:-10. D4 is a
Motorola MPN3401 PIN diode,
while R7 and R8 produce a + 2.5-

ltgtble. 52-a and 52-b switch the
anode ofD4 between + 5 volts DC
and ground, so there's ± 2.5 volts
DC across D4, relative to the
cathode.

With 52 set to -:-10, D4 is for­
ward-biased, so its capacitance
increases as noted above, and the
total impedance looking into the
anode of D4 goes down, routing
the output oflC2 through D4 and
C9 to IC4 . When 52 is set to -:- 10,
IC3 is off, since pin 1 (Vee! is con­
nected to + 5 volts DC through
R5. The R5-IC3 voltage divider
reduces the potential at pin 1 to
about 1.25 volts DC, turning IC3
off. However, you might wonder:
Why not just turn off IC3 al­
together?

The reason is that ClO still
looks into pin 7 (OUT 2), and
would see too Iowan impedance
if IC3 were totally off, and too
much of IC2's output would be
diverted away from IC4. The val­
ue of R5 was found by trial-and­
error, to maximize the imped­
ance looking into pin 7 (OUT 2),

while keeping IC3 off. Conversely,
when 52 is on -:-100, IC3 is now
on, since it's now connected to
+5 volts DC through R5 and R6,
and their parallel value is under
1.5 ohms. The cathode of D4 is
still at + 2.5 volts DC, but the
anode is effectively grounded, so
D4 is reverse-biased.

The capacitance of D4 is now
about 10% of its forward-biased
value, increasing capacitive reac­
tance by about a factor of 10. The
impedance looking into the
anode of D4 thus increases, and
almost no output from IC2
reaches IC4 directly. The output
of IC2 enters IC3, is divided, and
passed to IC4.

To avoid splitting the output of
IC3 between IC4 and the path
along C9, trial-and-error again
resulted in a high-impedance
path looking into the top of C9. In
other words, the high impedance
of a reverse-biased D4 works
both ways. It keeps the output of
IC2 from being diverted to IC4,
while keeping the output of IC3

(j) from being diverted backward.
~ The loss of output oflC3 through
o C9-L4-R8 is minimal.
g: The input enters through Jl
~ and is AC-coupled through ICI
u:J and IC2, Avantek M5AOI04
o MMIC amplifiers. They have dou­
~ ble grounds and indirect biasing,
a: through RI-Ll-C26 for ICI, and
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FIG. 3-THE SCHEMATIC DIAGRAM OF THE PRESCALER. DSP1 is a TSM3915 10-seg­
ment LED bar-graph display; R16and R17adjust zero and full -sca le. 04 perform s band­
switching; it's reverse-biased capacitance is 0.65-0.75 pF,and over 6 pF fo rward-biased.
With S2 on 7 10, 04 is forward-biased, so its impedance goes down , and it passes the
signal to IC4. IC3 is off, but pin 1 (Vecl is at 1.25 volts DC to raise the impedance on pin 7
(OUT 2). With S2 on 7 100, 04 blocks the signal, and it's now passed to IC3.

cade cou n ter. It h as separate -7-2
and -7-5 sections ;' the prescaler
drives both, and you select the
desired output using S2 . R14
an d R15 shape and pull up the
output; the output will be 1-2
volts peak-to-peak into a load of
50 ohms or more.

Display DSPI is the Three-Five
Systems , Inc. TSM 3915 (formerly
the Na ti onal S emi co nductor
NSM3915) lO-segment LED bar­
graph display ; Fig. 4 shows the
bl ock diagram. It h as an on­
board monolithic IC with an ad­
jus table inter n a l volt age refer­
en ce , h igh- impedance input
buffer, accu rate lO-step voltage
divider, an d 10 com parators. R11
an d R22 bias 03 as an RF level

d etec t or co upled by C26 from
ICI. 0 2 is directly connected to
the high impedance in pu t buffer
at p in 6 . Within DSPl, the signal
is a pplied to 10 comparators,
each b iased differently by the pre­
cis ion voltage divider, and driv­
ing one LED.

A low-voltage reference signal
from R21 -D2-RI6 is applied to
pin 5, to offsetthe input bias volt ­
age making R16 the zero adjust­
ment. R17 sets full -s cale s en­
s tttvity by varying the internal
reference voltage across the com­
parators. The current from REF

OUT (pin 8) determ ines the dis­
play current and brightness.
About 10 times this cu r ren t is
drawn through a lit segment, and

is fairly constant despite voltage
and temperature changes.

The display is logarithmic,
with segment thresholds at 3-dB
intervals. If you remove Vee from
MODE (p in 10) and join MODE (pin
10) and LED 9 (pin 11), the display
changes from a bar graph to a dot
graph, with only the top LED of a
reading lit . That saves current,
but the bar graph is easier to
read.

The power supply provides reg­
ulated + 7.2 volts DC from IC6 for
ICl, IC2 , and DSPl , and +5 volts
DC from IC7 for all else. IC6 is an
LM317T adjustable regulator set
by R18 and R19 . The input is po ­
la rity protected by 01. Capacitor
C23 bypasses high-frequenci es
avoid instability, and C24 filters
60-Hz ripples . Power ja ck J3 g
n eeds a center-positive, 2 .1-2.5 - d
millimeter coaxial plug. ~

The max imum current :D
~

through DSPI with all segments ~

lit is about 400 m ill iamps. An 0.
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FIG. 5-PARTS PLACEMENT DIAGRAM FORside A of the PCboard. C15has a hole for the
negative lead; the positive lead is soldered to the foil where R3 meets L2. On IC1 and IC2,
the dots are the outputs (pin 3); the input (pin 1) is opposite, and pins 2 and 4 are the
grounds. D4 is black, rectangular, and has a brown ridge on the cathode end.

magnifier lamp, small-tip solder­
ing iron, tweezers , miniature
long-nose pliers, and a sharp
knife with-a small, pointed blade.
There are small vacuum tools
with different tip sizes available
for about $10; a complete kit of
solder creme dispenser gun with
cartridges (called caplettes) , and
vacuum tools, is $75 (see the
parts list). The PC board is avail­
able. or you can use the foil pat­
terns provided here.

The parts-placement diagram
for side A is shown in Fig . 5, and
for side B in Fig . 6 . Install Jl and
J2 first, modified as shown in
Fig . 7, with a Yl6-inch wide

(FO R PANEL-MOUNT
VERSIO N ONLY)

3+
13

The PC board was laid out with
tape 4 x actual size, using 50­
ohm microstrip signal paths,
size calculated for a 0 .062-inch
glass-epoxy FR4 PC board. The
29 surface -mount devices
(SMD'sl improve RF performance
by reducing size, component lead
inductance , impedance mis­
match, and poor grounding com­
mon in larger parts. MMIC's like
ICI and IC2 are mandatory for
microwave circuits, and can be
handled manually with practice;
the prototypes shown here were
built with no special tools. The
parts are very small, so be careful.

At bare minimum, you'll need a

FIG. 4-THE BLOCK DIAGRAM OF THE
TSM3915 1G-segment LED barograph dis­
play. The on-board IC has an adjustable
voltage refer:en~e, high-impedance input
buffer, to-step voltage divider, and 10com­
parators. The display is logarithmic; each
segment represents another 3 dB. Max­
imum current with all segments lit is about
400 milliamps.

AC-to-DC adaptor should provide
+ 10-+ 12 volts DC under load at
J3, but be careful, since excess
voltage will burn out IC6. Such
adaptors aren't regulated, so
their voltage may vary greatly
with load. The prescaler works
fine with an adaptor rated at + 9
volts DC and 500 milliamps, that
actually delivers + 10.5-+ n.5
volts DC. Diodes 05-07 provide
an additional 1.8-2.1 volt DC
drop, to avoid overheating IC6.

Construction
Build the PC board for the pre­

scaler exactly as shown. Don't
drill any additional holes, 'Or
modify the microstrip foils. Ifyou
do, you'll ruin the ground plane
needed to achieve the 1.6-GHz
bandwidth and excellent sen­
sitivity. The cabinet-mounted
and panel-mounted versions
were designed for a 3 .8 x 3 .35­
inch, double-sided, plated­
through PC board, with solder
masks and component screens
on each side.
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MOUNTING ARRANGEMENT
FOR THE AP-90 ONLY

HEAT SINK
PAD FOR 1C6

B

b

SOLDER

PC BOARD (.062 INCH THICK)

c

FIG. 7-BNC SOCKET MODIFICATION for
the cabinet-mounted version. In (a) a side
view is shown of a female BNC panel­
mount socket. In (b), a slot is cut in the
threads with a hacksaw or file. In (c), the
slot f its snug ly over its PC board notch.
Solder it on both sides of the PC board;
the center pin goes on side A.

FIG. 6-PARTS PLACEMENT DIAGRAM FOR side B of the PC board. In the cabinet­
mounted version, the header pins protrude from side A to holes 1-10 of DSP1on side B;
the separator is on side A. In the panel -mounted vers ion, the header pins are inserted into
side B; the ir other end s go to ho les 1-10 on DSP1, with the separator on side B.

groove . Use a medium iron for
them. and the small iron
elsewhere . The kit in the parts
list has IC socket pins for IC3 and
IC4, to shorten the leads and get
them closer to the ground plane
for better frequency response.
For IC5. use a regular 14-pin DIP
socket, since it operates over a
lower frequency range.

Install the SMD's next; note the
polarity of amplifiers ICI and IC2.
tantalums C4 . C5, C7. and C16 .
and LEDI and LED2, and install
all parts from smallest to largest.
ICI and IC2 should both have
dots indicating their outputs
(pin 3); the input (pin 1) is op ­
posite this, and pins 2 and 4 are
the grounds. With the dot on pin
3 pointing toward the bottom as
in Fig. 5. pin I points upward.
pin 2 points left. and pin 4 points
right.

For the SMD tantalums, C4,
C5. and Cl6 are the same size.

while C7 is much larger. In the
prototypes and the kit in the
parts list. C4. C5. and Cl6 are
orange in the center and silver on
each end. They have a small tip
on the positive end, and a green
dot on the top side, C7 is yellow,
with a brown band on the top of
the positive end. Capacitor C15 .
at the middle right. will partially
block IC2 and L2. so install them
first. There's a hole for the nega­
tive lead of Cl5, but the positive
lead is tack soldered to the foil
where R3 meets L2 . Insert the
negative lead into its proper hole.
and bend the positive lead out­
ward at right angles. Diode 04 is
black. rectangular. and has a
brown ridge on the cathode end;
the brown ridge faces to the
right.

Install LEDI and LED2 last in
the prescaler. For the case­
mounted version , insert the
LED's into their PC board holes

without soldering. Hold them in
place with your fingers and pull
the leads through the holes. until
they both almost touch the sur­
face of side B. Fold the leads over
slightly. so they can't fallout. In­
sert the PC board into the case.
with side A facing out. Bend the
LED leads back to vertical so they
slide freely. maneuver the LED's
so they protrude through their
holes in front. then solder and
trim. If you remove the PC board
from the case. the LED's should
slide out freely. When you put the
PC board back in the case. the
LED's should slide back into
their holes.

For the panel-mounted ver­
sion. don't install the LED's until
you attach JI and J2 to the face­
plate. and are ready to attach the
PC board. Pull the LED's through
their holes in the PC board, and
bend the leads to hold them in
place. Insert the center pins and
ground lugs of JI and J2 into the
holes next to the notches. and
bolt the bottom of the PC board to

ooo
OJ
m
JJ
~

<0
<0
o
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J2

DSPl

LED2ICl

1C2

C15
(SEE TEXT;

L2 UNDERNEATH)

te7

R1B
ADJUSTMENT

FOR +7.2VDC
FROM IC6

FIG. 8-PROTOTYPE OF THE CABINET-MOUNTEDversion; side A appears in (a), side B
appears in (b). The header pins protrude through from side A, and are soldered to DSP1
using the bottom 10 pin holes on the display PC board .

the faceplate with nylon washers
and a nonconductive spacer. Sol­
der the center pins and lugs for
Jl and J2; use two lugs for .Jl ,
and one for J2. When the PC
board is attached to the face­
plate, maneuver the LED's as be­
fore, solder and trim.

If you have no SMD tools, hold
the SMD in place with a small,
sharp knife, a pencil. or a probe.
'lack solder one s ide to hold it in
place so you can solder the re­
mainder with both hands; then,
resolder the first side. There are
kits of SMD tools available th at
can make working with the de­
vices eas ier.

Solder creme is powdered sol­
der mixed with flux. With a gun
dispenser, place a very tiny spot
on each SMD solder pad, and po­
sition the SMD with a vacuum
tool ; it should stick to the solder
creme. Heat the foil, and the sol­
der creme should melt; never
heat the solder creme directly.

Figure 8-a shows side A of the
cabinet-mounted prototype, and
Fig. 8-b sh ows side B. In Fig . 8-a,
IC? has been folded over to lie on
its h ea tsink pad. You can't bolt
the heats ink to the PC board in
the prescaler, since DSPI is in the
way, but even if you could, it's
unnecessary. The center pins of
Jl and J 2 are on s ide A; both the
th reads and center pins were sep­
a rately solde red. In Fig. 8- b, IC6
has been folded over like IC?, but
also n eedn't be bolted down. The
h eader pins protrude through
from s ide A. and are soldered to
holes 1-10 on DSPI on side B; the
plastic se parator is on side A.

Figure 9 shows side A of the

Jl

1.2 1.4 1.6

~GHz

.8.7

+100

.6

PIN 1
(OUTPUT)

1N4007
(REPLACED
BYD5-D7;
SEE TEXT)

.2

POWER
HEADER

PINS

o .1

.03

5

SENSITIVITY,mV RMS

15+- - ,- - "'-

J3

FIG. 1G-SENSITIVITY CURVES FOR BOTH the ,;-10 and ,;- 100 ranges . The ,;-10 range
covers 30-480 MHz, and the ,;- 100 range covers 330 MHz-1.6 GHz.

FIG. 9-PROTOTYPE OF THE PANEL-MOUNTED version, showing side A. The header
pins are inserted into side B; the separator is on the same side . PL1connects two twisted
pairs; the output to the HP 5245L is from the header pins at upper left, and the of13 volts
DC from the HP 5245L to those at lower right. The 1N4007 on pin 13 of PL1 has been
replaced by 05-07 at S1's location (see text) , to avoid damaging IC6. Use heatshrink
tubing with all four wires to avoid shorts.
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All resistors are Y4-watt, S%, car­
bon-composition or film, unless
otherwise noted.

A1 , R2-150 ohms carbon-composi-
tion

A3-30 ohms, SMD
A4-unused
A5-470 ohms, SMD
A6-1.5 ohms
R7, R8, A1O-1100 ohms, SMD
A9-120,000 ohms, SMD
R11 , R12-2000 ohms, 1%
A13-470 ohms
R14-150 ohms, 10%
R15-91 ohms, 10%
R16-R18-5000-ohm, 4-turn, sub-

miniature, PC-mounted
potentiometer

R19-240 ohms
R2D-10ohms
R21-2700 ohms
R22-2700 ohms, SMD

Capacitors
C1 , C2-820 pF, SMD
C3-12 pF, SMD
C4, C5, C16-1 f1. F, tantalum, SMD
C6, C11 , C2Q-O.0033 f1.F, SMD
C7-10 f1.F, tantalum, SMD
C8-C10, C1a, C14-560 pF, SMD
C12, C17-10 JLF, tantalum, axial

leads
C15-100 I-tF, electrolytic.axial leads
C18, C21-G23, C28-GaQ-O.1 I-tF,

monolithic ceramic, axial leads
C19-0.0018 f1.F, SMD
C24-330 I-tF, 25-volt, electrolytic
C25-1000 JLF, 10-volt, electrolytic
C26--4.3 pF,SMD
C27-1 JLF. 16-volt, tantalum

Inductors
L1,L2-6.5 JLH, SMD
L3, l4-18 f1.H, SMD

Semiconductors
!"l1, D5-D7-1N4007 silicon diode
D2. U3-FH-1100 diode
D4-Motorola MPN3401 PIN diode
DSP1- Th ree -Five Systems

TSM3915 10-segment lED bar­
graph display

panel-mounted prototype. PLl is
connected to the PC board by two
twisted pairs and two pairs of
header pins. The output fed back
into the HP 5245L comes from
the header pins at upper left . The
upper pin is the output. the lower
pin is ground. Power goes into
the header pins at lower left; the
left one goes to the + 13 volts OC
from the HP 5245L, and the right
one is ground.

The prototype was built before
using D5-07; the anode of a

PARTS LIST

LE01, lE02-subminiature red LED
IC1 , IC2-Avantek MSA-0104 MMIC

amplifier
IC3-NEC UPB582C MMIC divide­

by-4 prescaler
IC4-Motorola MC12009P ECl two­

mode prescaler
IC5-TI 74S196 presettable binary/

decade counter
IC6-lM317T adjustab le 1.25-37­

volt DC regulator
IC7-lM340T·5 or 7805 fixed 5-volt

DC regulator

Other components
S1-SPOT PC-mount slide switch

(used in the cabinet-mounted ver­
sion)

S2-4POT right-angle PC-mount
slide switch (used in the cabinet­
mounted version)

S2-4POT PC-mount slide switch
(for the panel-mounted version)

Pl1-Centronics 50-pin male plug
with hood

J1, J2-UG1094-U female BNC
socket (see text)

J3-2.1-millimetercoaxial power jack

Miscellaneous: Case for the cab
Inet-mounted version (two­
piece anodized aluminum, four
machine screws, with specially
punched and printed front), red
lens for DSP1 (0.03 x 1 x 3­
inches), front panel (optional for
the panel-mounted version),
three BNC socket solder lugs,
4-40 x 0.25-inch black Phillips
pan head screws ~or the cab­
inet-mounted version en­
closure), two 6-32 x O.S-inch
black Phillips pan head screws,
two8-32 x O.5-inchblack Phillips
pan head screws, 4-40 nylon
locknut, 4 -40 x 0.3-inch
threaded spacer, nylon washer,2
feet of #22 stranded twisted-pair
wire, two BNC socket lock­
washers, one 10-pin header pin
with plastic separator (for both

IN4007 was soldered to pin 13 of
PLI. and the cathode to the
positive power wire (blocked by
the black heatshrink tubing) .
PLI is a standard male Cen­
tronics plug. Cover both ends of
all four wires with heatshrink
tubing to avoid shorts. However.
one IN4007 didn't provide a suf­
ficient drop, so 05-07 were u sed
thereafter.

Figures 2 , 3, and 6 all show
05-07: in the panel-mounted
version they replace 51, to pro-

the cabinet-mounted version
and the panel-mounted version) ,
two 2-pin header pins with plas­
tic separators (for the panel­
mounted version), heatshrink
tUbing, AC power adapter with
an output of 10-12 volts DC at
400 mAo

NOTE: The fo llowing items are
available from STARTEK Inter­
national, Inc., 5200 N Federal
Hwy., Suite #2-1181, Ft. lauder­
dale, FL 33308, (305)783-0008or
(800) 638-8050. A complete set
of all parts (#AP-90K) for the
cabinet-mounted version is
$99.95, an enclosure (#CAB-90)
is $25.00, and the AC adaptor
(#AC-90) is $9.00. A factory-as­
sembled and tested version with
the aforementioned items
(#AP-90) is $179.00. The tele­
scoping antenna with BNC plug
(#TA-90) is $12.00, and the PC
board (#PCB-90) only is $25.00.­
All seven IC's (#ICS-90), includ­
ing voltage regulators and DSP1,
is $55.00. A complete kit of parts
for custom install ati on of the
panel-mounted version into the
HP 5245 l (#AP-90-HK) is
$159.00, and an assembled and
factory-tested version (#AP-90­
H) is $199.95. A partially as­
sembled kit (SMD components
installed) is available. Call Star­
tek or send SASE fo r informa­
tion. For SMD tools, a Vac
Tweezer pick-and-place tool kit
(#VT-1)is $9.50, and a Dot.Maker
solder creme dispenser kit con­
taining the Vac Tweezer kit and
an assortment of about 20 sol­
der creme caplettes (#DMK-1) is
$75.00. Add 5% (a minimum of
$4.00 to a maximum of $10.00)
for shipping/hand ling. Visa,
MasterCard, C.O.D. , cash, or
money orders accepted; allow
three weeks for persona l
checks .

vide an additional 1.8- 2 .1-volt
OC drop, as mentioned above, to
reduce the + 13 volts OC from the
HP 5245L. IC6 doesn't overheat
to the point of exceeding specifi­
cation. The drops across 01 and
D5-07 reduce the + 13 volts OC
from th e H P 52 45L to
+ 10.2-10.6 volts DC, enough to 0
run IC6 with minimum heat dis- ~
sipation. I:D

To install 05-07, wrap t he gj
cathode of 05 arou n d the anode <0
of 06. and t he a node of 07 ~
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COMPONENT SIDE OF THE PRESCALER. SOLDER SIDE OF THE PRESCALER.

Power-on checkout

Turn the power on, an d check
for proper voltages:
• At J3, + 10-+ 12 volts DC, in­
put power.
• At the ou tput of IC6,
+7 .1-+7 .3 volts DC (a dj u s t
RI 8).
• At the output of IC7 ,
+4.9-+5.1 volts DC.
• At the outputs of ICI and IC2,
a bias of 4 .6-4.7 volts DC (with
no input si gnal).

For the panel-mounted ver­
sion, J3 is included to let you test
it without connecting it to the HP
5245L. If all voltages a re right,
adjust R16 to zero the bar graph,
and R17 for full s cal e. The two
potentiometers interact, but you
should ge t a good se tting with a
signal generator a n d some ex­
perimenting. The bar graph var­
ies with fr equen cy, bu t is a
convenient relative .RF s ignal
strength indicator. With careful
assembly, sens itivity s h ou ld b e
1-9 millivolts RMS from 50
MHz-1.6 GH z , con s isten t with
the cu rves shown in Fig. 10. R-E

The lens goes between the rear of
the faceplate and the nylon wash­
er at th e base of the n onconduct­
ing spacer,

DSPI off the PC board and flush
with the red lens a n d panel.

The PC board and red lens is a
precise fit inside the case and
shouldn't move around . In the
panel-mounted version, the lens

. is sandwiched between DSPI and
the rear of the faceplate, and has
a hole drilled in its bottom for the
screw that attaches the PC board
to the bottom of the fac eplate .

around the cathode of D6, solder
and trim. Insert the anode of D5
and the cathode of D7 in to their
PC board holes, and leave enough
lead length on side B to bend
D5-D7 flat to the PC board.

In the panel-mount version, in­
stall the DSPI h eader pins with
the plastic separator on side B
(the separator is on s ide A for
cabinet installation) to hold

(J)
o
Z
o
a:
t:; c d

~ IF YOU WANT SMD TOOLS, (a) shows a kit mentioned in the parts list. Solder creme is
W powdered solder mixed with flux, With the gun in (b), place a spot on each pad, and
o pos ition the SMD with the vacuum tool in (c); it should stick to the solder creme, Heat the
~ foil, and the solder creme should melt. In (d) a close-up of the gun and three caplettes is
a: shown.
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BUILD THIS
LASER JET MEMORY CARD

Build this 4-megabyte memory expansion board
for your LaserJet ModelllPlll1 printer.

BILL GREEN

LASER PRINTERS HAVE BEEN AROUND

for some time but, until recently,
they have been expensive . About
a year ago Hewlett Packard intro­
duced their LaserJet IIp, the first
low-p r iced entry in the market. It
lis ts for $1495 but can be pur­
chased through mail-order out­
lets for under $1000, making it a
truly "personal" laser printer.
The Model lIP has many of the
features of HP's newest and sub­
stantially more expensive entry,
the Model III. The Model lIP falls
short of the Model III in that it is
half as fast and has half the built­
in memory.

The Model lIP has 512K of
memory built in, but that
amount won't even allow you to

print a full page of graphics at
300 dpi (300 dots-per-inch) reso­
lution, let alone store a couple of
softfonts (downloadable type­
faces) in the printer. The fact is,
laser printers are powerful in
such applications as desktop
publishing and for printing the
output of CAD and CAMsoftware
(the PC board foil patterns for
this project were printed on a
LaserJet lIP), as well as for every- .
day printing. But having only
512K of memory severely limits
the power.

You can, of course, expand the
memory in the printer, but the
cost to purchase 4-megabytes of
memory from Hewlett Packard
will set you back a cool $2000.

The prices of laser printers have
come down, and they now fit into
the personal-computer market,
but the price of expansion memo­
ry has kept the cost oflaser print­
ing well above what it should be.

The memory-board con­
struction project which we will
detail here can add up to 4-mega­
bytes of additional memory to
your LaserJet lIP, and also works
with Hewlett Packard's newest
laser printer, the Model III. A ki t is
available to build it (see parts list)
for under $100. Memory is not g
included at that price, but is <1
available for around $56 per tnm
megabyte through a number of :0

mail-order sources. You can now ~
CDadd up to 4-megabytes to your 0
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PARTS LIST
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printer for less than $325-that's
megabytes without the mega­
bucks!

Resistors
R1-R3-7 x 47-ohm DIP resistorpack or

discrete resistors
Capacitors
C1-1 Il-F, 30 volts, tantalum
C2-{).1Il-F, 10 volts, monolythic
C3, C4-27 pF, ceramic disc
C5-100 Il-F, 10 volts, electrolytic
semiconductors
IC1-8048 programed microcontroller
IC2-{)11273 memory decoder
IC3, IC4-74LS244 octal buffers
IC5-IC36-514256 256K x 4-bit 120 ns

dynamic RAM (8 per megabyte)
Other components
J1-8-pin male header or 4-position DIP

switch
J2-48-pin male header
XTAL1-8 MHz HC·18crystal
Miscellaneous: 2-inch long 48-conduc-

tor ribbon cable with a 48-pin female
IDC connector on each end, 35 20-pin
IC sockets with built-in 0.1 Il-F bypass
capacitors or standard 20-pin sockets
with 0.1 p.Fcapacitors installed on the
board, 1 40'pin IC socket, PC board,
solder, etc..

Note: The following items are available
from Lancelot, P,O.Box 541005,Mer­
ritt Island,Florlda 32954-1Q05: a
complete kit for the memory board
(less memory IC's), $99.95plus $5.00
P&H; a partial kit Including the PC
board, programed 8048,and the
011273 decoder, $63.00 plus $5.00
P&H. Canadian orders add $3.00. All
other countries add sufficient
postage for air shipment and insur­
ance. Florida orders add 6% state
sales tax. Orders by check or money
order only. For technical information
and dealer Inquiries call
407·454·9082.

About the circuit
The circuit, shown in Fig. I, is

qutte simple because dynamic
RAM memory refresh and ad­
dress multtplextng is done in the
laser printer. The interface to the
printer is through a 48-pin con­
nector. The data bus is 16 bits
(one 16-bit word) wide, and the
18-bit address bus is multiplexed
into 9 bits. The remaining pins
are for power, ground, memory
enable, write enable, and for the
controller serial communica­
tions.

~ The l -megabtt dynamic RAM's
~ are organized 256K x 4 bits. They
a: are addressed in quads by the
f-o printer as 256K 16-bit words.
~ The four memory-enable signals
o from the printer are decoded by
Ci IC2 into CAS (column-address­
~ Text continued on page 75
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Put a TV in your VGA monitor. JIM HARRIGFELD

AT BOTTOM. A TV AND A C O M PUT E R

monitor are more alike than they
are differen t. As a matter of fact. a
monitor is really just a TV in dis­
guise less a few circuit boards
and knobs.

At one time, when computers
used teletypewriters for display,
television pictures were consid­
ered high-resolution. Today, even
the best TV sets cannot compare
with the latest breed of computer
monitors in terms of resolution,
s t ab i l i ty, convergence, and
fidelity. So wouldn't it be nice if
you could simply connect a VCR
or camcorder to your monitor
and enjoy some of that extra
fidelity?

This article will show you how
to build a simple decoder that will
take any standard NTSC video
signal (from a VCR, camera,
tuner, or what have you), and
convert it into the analog RGB
signals that computer monitors
work with. The circuit costs well
under $100 to build, and re­
quires no fancy test equipment to
align. In addition, if you would
like to build one, partial and com­
plete kits are available.

Some basics
A color monitor has a simple

interface. It generally requires
four separate signals to operate:
red, green, blue, and sync. Sync
tells the moni tor where and when
to start each scan line, and the
RGB signals determine how
much red, green, or blue to dis-

play in the picture at any instant
in time.

The composi te video signal
used in a television is more com­
plicated, because it combines all
the RGB signals, as well as other
timing information, into a single
high-frequency signal. In the
United States, this signal is
based on the NTSC/RS-170A vid­
eo standard.

The disadvantage of composite
video is that a great amount of
processing is required to corn­
bine and encode the separate stg- .
nals into one composite signal.
The advantage of composite vid­
eo, of course, is that the signal
may be broadcast over the air or
sent down a single piece of coax­
ial cable. But to be displayed,
eventually the signal must be
broken down into its individual
red, green, blue, and sync compo­
nents. By contrast. the advan­
tage of the RGB system is that no
decoding circuitry is required, so
circuit designs are simpler and
cheaper. The disadvantage of the
RGB system is that several wires
and multi-pin connectors are re­
quired to make connections.

Given the similarity between a
television and a monitor, what
ex actly is required to display
NTSC video on an RGB monitor?
First and foremost. we need an
analog monitor that is capable of
scanning at standard NTSC vid­
eo rates (60 Hz vertical, 15,750
Hz horizontal). That requirement
immediately eliminates most

fixed-frequency (digital)
monitors-Le., most CGA and
EGA types. However, most multi­
frequency type monitors work
beautifully.

We also need a video source.
You can choose any VCR, video
camera, camcorder, or compo­
nent tuner that has a video out­
put in the NTSC/RS-170A for­
mat. Those devices usually have
some kind of audio output that
you can use to drive a pair of
headphones or your home stereo
system.

Of course, there 's still one
thing missing: a gadget that can
be used to convert the composite
video from your source device
into the separate RGB signals
that your monitor understands.

About the circuit
Figure 1shows a block diagram

of the circuit, and Fig . 2 shows
the complete schematic. The
heart of the circuit is IC2, a
TDA3330. That highly integrated
Motorola IC is specifically de­
signed to break a composi te video
signal down into its individual
components. The TDA3330 re­
quires three inputs to operate:
chroma (color information), lu­
minance (brightness informa­
tion), and burst flag (timing in-
formation). 0o

The other major component is d
ICI, an LM1881 video-sync sepa- III

mrator made by National Semicon- JJ

ductor. It extracts most of the U;
important timing information ~
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FIG. 1-BLOCK DIAGRAM . IC1 derives the sync signal and timing information. IC2 uses
the latter to decode the red, green, and blue outputs.

from a s tandard vide o s ignal, an d
it needs only th ree external (pas­
sive) componen ts to ope rate. Our
circuit uses two of its th ree out­
p u ts : compos ite sync, w h ic h
after buffering becomes one of
our outputs; an d th e burs t flag,
which is inverted by Q1 to fur­
nish the necessary timing in for­
mation to IC2 .

The other signals t hat are
needed by IC2 are derived from
the composite video in put signal
by means of several pass ive fil­
ters. The chroma bandpass filter
consists ofR2, L2 , Cll, an d C12.

(f)
o That circuit works by a llowing
~ only 3.58-MHz s ig nals to pas s
~ into pi n 22 ofIC2, wh ile block ing
~ all others. The luminance input
m (pi n 17) is ju s t the oppos ite. in
o that the 3 .58-MHz co m ponent
o mus t b e blocked an d a ll other-c
a: fre q uenc ies a ll owe d t o p a s s

60

through. Tha t is accomplished
with the ch roma trap consisting
of Ll, R3 , R4. C2, and C3 .
Basically, the output of the chro­
ma trap is monochrome video. To
meet NTSC timing req u ire­
ments, that signal must also be
delayed (by R5, R14, and L3) be­
fore enter ing IC2.

With proper input signals. IC2
requires only a few more passive
components to enable it to lock
on to the incoming s ignals. On ce
locked , the IC performs all I/Q de ­
mo dulat ion, quadrature decod ­
ing. R - Y, and B - Y processing,
and it then delivers red, green ,
and blue signals at pins 14, 13 .
and 12, respectively. Those sig­
nals are buffered in turn by Q4,
Q5 , and Q6, which are set u p as
emitter fo llowers designed to
drive 75- oh m loads .

The circuit has four controls

for setting operati onal charac­
ter istics . The brightness con trol
(R35) sets the black level of the
RGB outputs ; for most applica­
tions , it should be set at mini­
mum . The three other controls
(hue, R3 7 ; saturation. R38 ; and
contrast , R36 ) work much like
their cou nterparts on a stan dard
Tv. After they h ave been properly
adjusted , none of those controls
should require operator interven­
tion. T he b r ightnes s control
shifts the black level without af­
fecti ng the overall peak-to-peak
amplitude of the s ignal. On the
other hand, the contrast control
varies the p eak-to-pea k a m pli­
tu de without affecting the black
level.

Figure 3 s h ows several wave­
forms and tim ing relati onsh ips
for a color-bar input s ign al at sev-.
eral points in the circu it: (a) The
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same manner. This method saves
space and also furnishes you
with good debug/test points.

We a ls o strongly recommend
the use of IC sockets . If you are
unable to locate a 24-pin so cket
for IC2, you can use 16- and 8-pin
sockets mounted end-to-end.
The pads around the trimmer po ­
tentiometers have been laid out
so that several types of trimmers
may be installed. Just be sure to
mount the trimmer's wiper arm
in the correct pad.

The board was designed to ac­
cept PC-mounted connectors for
Jl (input), J2 (output), and J3
(power). However, you may not
want or need these types. Our
prototype uses a BNC connector
forJl , but a simple RCAjack may
suffice. Likewise, J2 and J3 may
be eliminated entirely or changed
depending on what your par­
ticular application involves .
Switch SI maybe replaced with a
simple jumper/header combina­
tion for most setups.

For best operation, the board
should be installed in a shielded
enclosure. The template in Fig . 5
shows hole locations for mount­
ing the board in the project box
that is mentioned in the parts
list. The board is held in place in
the box by the connector hard­
ware (JI--J3).

Hooking it up
Regardless of the type of con-

I I I

:LfLLI: - WH ITE
I I
I I

I I I - BLACK
I I I

LJ1J1L
1 - WH ITE

I I
I I
I I - BLACK
I I I

UU1ML
' - WHITE

I I
I I

_ BLACK
I I I

~
I I I -WHITE
I I
I I

I - BLACKI: I

UU1ML
: I I - WHITE
I I
I I

I - BLACK
I I

UUlJlL
I I - WHITE

I I

I I
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h
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51
INI'UT

FIG. 4-PARTS LAYOUT. All parts, lncl udlnq the variable resistors and the I/O jacks,
mount on the board.

electrolytic, Mylar, or ceramic
disc types may not fit in the allot­
ted space on the printed circuit
board. Also note that resistors
and inductors are mounted ver­
tically. Bend one of the leads back
parallel to the body of the part
and mount the body of the part in
the hole with the circle around it ,
and then pass the bent lead
through the other hole . Mount
the inductors (except L3) in the

J1
INPUT

I I
r---63.5Ils--.l 1 HORIZONTAL LINE
I I

d

c

b

a

I
I

~
I I
I I

~
I I I
I I

~
~
I I I

e .~
I I I

~
I I I

FIG. 3-SAMPLE WAVEFORMS. At (a) is a color-bar input; the text describes the remain-
ing signals. .

color-bar input. (b) .Com pos ite
video across one scan line . (e)
The lu m in an ce input (pin 17) of
IC2 . (d) The chroma input (pin
22) ofIC2. (e) The composite sync
output. (f) The burst-flag input
(pin 15) ofIC2. (g) The green out­
put (Q5). (h) The red output (Q6).
(i) The blue output (Q4). (j) All
outputs with the saturation con­
trol (R38) at minimum. (k) The
blue output with the saturation
control (R38) too high. (1) The
blue output with the hue control
(R37) im properly adjusted.

Building the circuit
With the high frequencies that

are involved, stray capacitance
and crosstalk will almos t cer­
tainly cause problems with most
breadboarding and wirewrap
techniques . Therefore, we recom­
mend that you use a PC board for
the project. Patterns for the
board are provided if you wish to
make your own; boards are also
available commercially, as dis­
cussed in the parts list. Ifyou use
our board, Fig. 4 shows the parts

en layout.
9 All parts except possibly IC2
5 (the TDA3330) are readily avail­
g: able from the mail-order houses
frl advertising in Radio-Elec­
u:J tronics. If you purchase a partial
6 kit, be careful in selecting capaci­
(5 tors. Only tantalum or mono­
<t:
a: lit hic DIP types are suitable, as
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PARTS LIST

....
CD
CDo

ooa
OJ
m
JJ

nectors that you use, the input
should be wired using high-qual­
ity coaxial cable for best results .
Your VCR or camera may have
come from the factory wi th a ca­
ble of this type. Otherwise you
can buy or build an input cable
with RG59U coax and either BNC
or RCA connectors.

The output cable depends on
your application and use. Refer
to your monitor's manual to de­
termine its input wiring require­
ments. The decoder's output (J 3 )
is a DB-9 connector that con­
forms to the PC standard. Many
multi-frequency monitors ad­
here to that s tandard ; but it's a
good idea to check the manual
just to be sure. With a little luck,
you should be able to unplug the
cable from the display adapter in
your PC and plug it directly into
the decoder.

If you 're not so lucky, you'll
have to wire up a cable or an
adapter. In addition, we left a row
of pads just behind J2 on the PC
board; you might find it easier to
simply cut the traces between the
two rows and add jumpers to rec­
onfigure the pinout of J2 . That
could save you from having to
modify a cable.

The power supply for the NTSC
converter can be any well-regu­
lated 12-volt supply that is capa­
ble of furnishing 250 rnA of
current on a continuous basis.
Apply power to J3 through a Va"
phono plug with positive tip and
grounded shield.

Testing and adjustment
Before applying power, check

the PC board for solder splashes,
bad or shorted connections, etc..
Do not install the IC's in their
sockets yet ; rather, first apply
power to the circu it and check for
smoke and overheated comp o­
nents. Using a DMM, verify that
pins 1 and 20 of IC2, and pin 8 of
ICl, are all about + 12 volts. In
addition, verify that the positive
side of C8 is +5 volts.

After everyth ing checks out, re ­
move power from the board, in­
stall the Ie's in their sockets, and
make the external connections. A
color-ba r ge nerator is nice for
making the adjustments, but if
you don't have access to one, any
stable video signal will do. Use a
camera or an off-the-air signal;
don't try to set up from a tape.
Turri the saturation, hue , and

CUTOUT

CENTER LINE

Note: The following items are available
from Harmonic Research, Inc., 193
Villanova Drive, Paramus, NJ 07652
(201) 652·3277: Complete kit includ­
ing PC board and all parts except
wall transformer, $95.95; Partial kit
including all parts except box, 51
and J1, $81.50; Etched, drilled, and
s ilk-screened PC board, $20;
TDA3330 (IC2), $4.75.All orders add
$2.50 for shipping and handling.
New Jersey residents add appropri­
ate sales tax.

semiconductors
IC1-LM1881N video sync separator

(National)
IC2-TDA3330 NTSC to RGB decoder

(Motorola)
IC3-78LOSlow-power 5-volt regulator
01.02,04-06-'2N440l
03-not used
Dl -1N4002 rectifierdiode
Other components
Jl -PC-mount BNC connector (AMP

#226978-1)
J2-9-pinDconnector. female, PC mount
J3-3.5mm mono phone jack
Ll - l 2 u.H variable inductor (Toko

#A119ANS-Tl034)
L2-47JL H fi xed induc tor(Toko

#346LS-47QK)
L3-40 0 ns d elay line (Toko

#H321LNP-1436P)
L4~L6-22 u.H fixed inductor (Toko

# 348LS-220K)
Sl-SPST, PC board right-angle mount
XTAU-3.579·MHz crystal
Miscellaneous: Metalcase-(Hammond

#15908), 12-volt regulated wall trans­
former, solder,etc..

-PUNCH CENTERS

-FOLD ALONG DOTTED LINE

-ALIGN FOLD ON TOP OF BOX
AND CENTER - TAPE ON

SCALE 1:1

CENTER LINE

DRILL 112"

Capacitors
Cl -33 fl.F, 10 volts, tantalum
C2, C3-330 pf, 50 volts. monolithic
C4, C5, C7, C9, C16, C20, C22, C23.

C29-0.1 iJ-F, 50 volts, monolithic
C6-notused
cs.Cl0 , C2l , C24. C28, C31, C33-1 fl.F,

35 volts, tantalum
Cl1, C12, C1B-l00 pF, 50 volts,

monolithic
Cl3-C1 5-'O.01 iJ-F, 50 volts, monolithic
C17--D.47 fl.F, 50 volts, monolithic
Cl9-l0 iJ-F, 16volts, tantalum
C25-'O.001 iJ-F, 50 volts. monolithic
C26. C30. C32-22 pf, 50 volts,

monolithic
C27-5-30 pF, trimmer

An resistors are 1!4-watt, 5%, unless
otherwise noted.

Rl , R22, R26, R30, R33-75 ohms
R2-'1500 ohms
R3-2700 ohms
R4-15,OOO ohms
R5, Rl 4-1200 ohms
R6-notused
R7-680,OOO ohms
R8, R1D, R13, R16, R20. R24, R2B-l000

ohms
R~80ohms
Rl1, R1B-33,OOO ohms
R12-100,OOO ohms
Rl5-1 .8 megohms
R17-220,OOO ohms
Rl9-18,OOO ohms
R21 , R25, R29. R34-33 ohms
R23, R27, R31, R32-l50 ohms
R35-R3B-l0,OQO ohms, cermet

potentiometer, Panasonic
#SOGA01Bl

CUTx2

~J
DRILL 114" DRILL W' }

COUNTERSiNK x2
Wf'/32 " BiT

FIG. 5-DRILLING TEMPLATE. If you use our board and the box mentioned in the parts
list, drill the box as shown here.
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volt s in amplitude. Also , ver ify
that you h ave a ch roma s ign al
similar to that shown in Fig. 3-d
at pin 22 of IC2 . If you examin e
pin 17 with a s cope, it will proba­
bly resemble something halfway
between Fig. 3-b and Fig. 3-c. Ad­
just Ll for minimum subcarrier
by making the s ignal look lik e in
Fig. 3-c as much as possible.

Continue adjustments by con­
necting the scope probe to pin 7
of IC2 and referring to Fig. 6 . An
out-of-lock waveform is s hown in
Fig. 6-a: adjust Cl until you ob­
tain a s table waveform as shown
in Fig. 6-b. There will probably be
two s p o ts in the a dj u stment
range where lock occurs: either is
OK. That signal is the VCO lock,
and once set, you should be able
to see ni ce, stable signals at the
RGB outputs (pins 12-14 ofIC2).
Refer to the output waveforms in
Fig. 3 and watch you r monitor
while adjusting the satura tion ,
hue, and contrast controls to
your liking. Outputs should be
set anywhere from 0.7 to 1.0 volt
peak-to-peak.

I want my MTV/2!
After making all of the adjust­

ments to the unit itself, leave
them alone : instead u s e the
brightness and contrast controls
on your monitor to compensate
for ambient lighting. The de­
coder should be able to lock on to
anything that comes anywhere
close to NTSC vide o, but it can 't
deal with some of the copy-pro­
tection schemes that many pre­
recorded tapes use. However, you
m ay b e ab le to com pe nsate by
running the composite video s ig­
nal through a descrambler or s ta­
bilizer first.

You may notice that so me video
looks b etter on you r m onitor
than on a TV,whereas other video
looks worse. The reason is that a
high-resolution di splay can not
improve a low-resolution input.
an d in so me cases the high res o­
lu tion might even bring out so me
unwanted artifact that a low-res­
olution display would cover up.

Some day, with all the hoopla
over HDTV and multimedia, vid­
eo a n d grap h ics di splays will
most lik ely merge. We will be run­
ning ou r CAD program on the
same scree n that we sit back a n d
watch STAR WARS 15 on . Until
then, projects lik e th is will inch
us a Ii ttl e closer. R-E

~ I

-t
600mV

1
100mV

--l
TIN LOCK

OUT OF LOCK

FIG. 6-VCO LOCK AT PIN 7 OF IC2. In (a)
is an incorrectly adjusted signal; (b)
shows the correct waveshape .

--l 63.511$ I--

Adjustment with color-bar
generator and oscilloscope.
With SI closed, ve r ify with the
scope that you have a l-volt peak­
to-peak signal s im ila r to that
shown in Fig . 3-a at the input
con nector. Next. verify that a bur­
s t-flag pulse is present at pin 15
of IC2 . That s ignal should look
like the waveform shown in Fig.
3-[, an d must be at least eigh t

43116 INCHES­

HERE 'S THE SOLDER SIDE OF THE NTSC/RGB CONVERTER.

-- 43116 INCHES

HERE'S THE COMPONENT SIDE OF THE NTSC /RGB CONVERTER

I-

con tras t con trols (R36-R38) to
m aximum, an d the brightnes s
control (R35) to minimum.

Adjusting without test equip­
ment. With every th ing hooked
up an d the monitor on, plug in
the power su pply. You shou ld im ­
medi ately see s ome kind of pic­
tu re, alt hough it will probably be
black a n d wh ite an d pos sibly
flashing on an d off. Adjust C27
with a s mall screwdriver for the
most s table picture and the best
color. You m ay find two spots
where pe rformance seems equal;
eithe r will do. Next. adjust Ll for
the deep es t , r ichest color. Then
adjust the satu ratio n, hue, and
contrast contro ls for the m ost
na tural look , just as you would
on a norm al te levis ion . You

(fJo should leave the brightness con-
~ trol set at minimum unless you
a: h ave a specific reason for want­
fo-
o ing the black level set h igher than
w
u:J it already is. That 's all it takes to
o adjus t the unit , a n d you will
o probably be very close to the op­
-ca: timum settings.
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Here are a few tricks of the trade that
may help you with your
next TV repair.

TV
SERVICE

CASE HISTORIES
TV SERVIC ING CA N BE A PRECAHIOUS

business, bu t with a little in tu­
ition-and a firm backgrou nd in
TV repair fundamentals-your
job can be made easier. We'll dis ­
cuss a few exa mples of some com­
mo n problems a service tech n i­
cian might come across, and h ow
that in tu it ion a n d backgrou nd
can lead to a so lution.

An AFT problem
Many TV repai rs are fairly ob­

vious examples of cause-an d­
effect; sometimes the cause is
created by the customer! A cus­
tomer came in to the s ho p wit h a
Samsung model CT-5 1OAL. com­
pla ining that several channels

were di s t o r t e d . w it h u n ­
synch ronized video a nd a n an­
n oyi n g audio buzz . Luc kily.
ra s ter. sound. and video we re
presen t. Those symptoms indi­
cated a tuning problem . perhaps
a ma lfunction of the fine tun ing
ci rcuit or simply a misadjus t­
ment. The receiver had a preset
button that set the tin t. con trast
and color. In addit ion. another
button energized the automatic
fine tu ning (AFT) circu it. The
custome r was probably unaware
that h e m isadjusted the prese t
and AFT bu ttons .

If the fine -tun ing control was
adjusted with the AFT activated.
no change would occur in the pic -

ture until th e frequency was so
far from its correct value that th e
AFT los t con t ro l a n d th e se t
tuned off-channel. A com mon
cha racteris tic of an AFT circu it is
that the hold-in range is grea ter
than the pull -in range. A fine tun-
ing adjustment. with th e AFT on ,
would i ni ti a ll y produ ce no
change to th e picture because of
the hold-in characteri stic. If the
channel was changed . how ever,
a nd then returned to the ori ginal
channel. the picture mi ght be g
completely detuned because the d
pull-in ca pab ili ty had been ex- OJ

ceeded . In th e case of the Sam- gj
sung model. that was indeed <D
what happened. ~
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An orphan TV
When a set comes into the shop

for repair, it's comforting to go to
the file cabinet and pull out its
service information. Even before
getting too deeply involved in the
problem at hand, it can be helpful
to identify major components
and controls from the layout
drawing. Take a look at the sche­
matic and try to spot some clues
for the repair. Is the power supply
connected directly to the line?
What form of voltage regulation is
being used? How are the major
components accessible? Are
there plug-in modules?

The owner of a Supre-Macy
model 20MK came into the shop
with a complaint of no operation.
I had no Supre-Macy service in-

located at a low amplitude point.
If the local oscillator was tuned

too high, the color subcarrier
and the sound carrier would both
increase in amplitude, as shown
in Fig . 2-b. That would result in a
920-kHz beat which would be
very noticeable on the screen.
Figure 2-c shows the La tuned
too low-the amplitude of the
color subcarrier is reduced, re­
sulting in a loss of color.

The Samsung model discussed
here used an IC to perform the
AFT function. Figure 3 shows
that portion of the circuit. An IF
sample is fed to pin 11of the IC, a
TA7070. The IF is amplified and
the level stabilized by the first
section of the IC and is output to
pin 4 . The amplified IF is passed
through a discriminator trans­
former tuned to the video carrier
at 45.75 MHz. The transformer
feeds into pins 3 and 5 of the IC,
where differential DC voltages
are produced that are propor­
tional to the tuning error. The DC
differential voltages are amplified
and appear as differential out­
puts on pins 7 and 8. Variable
resistor VR158 sets the quiescent
level, and a single ended output
from pin 8 is finally routed to the
tuner's varactor.

It is interesting to note that the
AFT circuit adds to, or subtracts
from the varactor bias, which is
always reverse-, and never for­
ward- biased. Another aspect of
the AFT circuit is that the operat­
ing voltages for the IC's are sta­
bilized by an internal shunt
regulator, in conjunction with an
external dropping resistor R173 .

PIX IF
44.75MHz

b

Ot------,-~'""""---~

+

Figure 2 shows the IF response
as the La frequency varies. For
proper tuning, the video IF car­
rier at 45.75 MHz and the color
subcarrier at 42.17 MHz (45 .75
MHz minus 3.58 MHz) should ap­
pear at the proper amplitude
points on the IF response curve.
Figure 2-a is a graph of ampli­
tude versus frequency of a cor­
rectly tuned La. In this receiver,
the video IF carrier and color sub­
carrier frequencies are located at
50% of the mid-range amplitude.
In addition, the sound carrier,
which operates at 41.25 MHz, is

FIG. 2-INTERMEDIATE FREQUENCY RE­
SPONSE as the local oscillator (LO) fre­
quency is varied; (a) is the LO properly
tuned, (b) is the LO tuned high and (c) is
the LO tuned low.

PIX IF
46.75MHz

Ot----- ------ - - ----'!ll!---

+

Ot----T~---~'-----
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circuit bandpass, circuit gain,
and saturation level.

Figure 1 shows the discrimi­
nator curve with an IF of 45.75
MHz. The discriminator output
is routed to a varactor, or a tran­
sistor acting like a varactor, in
the local oscillator (La) tuning
circui t. With proper polarities
chosen, any detuning of the set
would result in an error signal
from the AFT circuit that would
change the varactor's capaci­
tance to properly tune the La.

45.75MHz

FIG.1-DISCRIMINATOR OUTPUTTUNED
to video IF at 45.75 MHz and zero volts
with respect to reference.

The customer wanted to modi­
fy the ti nt to his liking. Because
the pres et button had been en er­
gized, the set controls were in­
op erative . With the AFT acti­
vated, h e proceede d to rotate the
only co ntro l availab le to him
(other than volu me) which was
the fine tuning. As each channel
was detun ed he proceeded to the
next. The icing on the cake was
his fiddling a rou n d with a few
con trol shafts on the back of the
set.

The repair was obvious. First, I
di s abled th e AFT, then each
ch an nel was adj us ted properly
for good co lor. The automatic
ga in con tro l (AGC) was adjusted
for minimum snow and no over­
load on any channel. I touched
up the vertical con trols that had
been disturbed and sprayed
clean the front panel controls
that were acti ng erratic. Finally,
the p res et color, tint, and con­
trast controls were adjusted for
good flesh tones . I ran the set for
a few h ours to make sure there
was no fron t end drift.

When the set was picked up,
the owner was ins tructed to ad­
just the fine tu n ing only with the
pres et button de-energized. Do
you th in k he remembered ?

Since we are on the subject of
AFT, let's look a little deeper into
its operation. AllAFT circuits are
basically limiter-discriminators.
The discriminator is tuned to the
video intermediate frequ en cy (IF)
at 45.75 MHz. If the set is tuned
properly, the di scriminator will
produce zero volts wi th respect to
a reference. TIming too high or
too low produces a more positive
or more negative output from the
discriminator. It sh ou ld be noted
that the po lar ity depends on cir­
cuit wir ing an d the maximum
amplitude depends on the tuned
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sis tor. Continuity measurements
with respect to ground were
made at the cathode of the rec­
tifier diode, and at the collector of
the horizontal output transistor.
No shorts were revealed.

Access into the set was diffi­
cult, so I decided to make life
easier by mounting the fuse onto
a stiff fuseholder on the PCB ,
Fuse replacement would be much
q u i c k e r using a c lip -type
fuseholder.

The set was connected to a
Variac and an isolation trans­
former. I adjusted the variac to
produce a low value of about 30
volts DC at the rectifier cathode.
The presense ofB + voltages were
checked at the regulator output,
the audio output transistor, and
at the horizontal output tran­
sistor. I carefully increased the
voltage gradually until aud io
noise was heard. The set seemed
ready to work. The a roma of
burning plastic was becoming
noticeable and a wisp of smoke
was seen coming from the PCB
attached to the CRT socket. Shut
off the power!

Inspection of the PCB showed
charring around the connector
pins leading off the board, which
indicated a dielectric breakdown
between the PCB land patterns.
Unplugging the connector
showed burning between pins 3
and 4. Pin 4 had continuity to
ground, pin 3 was on the high
side of the screen control.

Typically, a set with an in-line
CRT has a circuit similar to that
shown in Figure 5 , where the
connector details have been add­
ed . The high side of the screen

D1
lN40lt1

Rl

T

C4
.Ol~

DEGAUSSING
COIL

I C3
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I
I
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I
I
I______ .J
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FIG. 4-POWER SUPPLY CIRCUIT.

with a main board transformer.
The three transistors were check­
ed for shorts with an ohmmeter
and found to be normal.

The regulator /audio module
was plugged in and a few con­
tinuity measurements were
made to check for AC or DC short
circuits . The load side of the
blown AC fuse showed a resis­
tance of approximately 350 ohms
with reference to ground-a little
low, but not a short. Disconnect­
ing the degaussing coil increased
that value to a more reasonable
yalue in the range of tens of kilo­
hms. Of course! The degaussing
coil was in series wi th a thermal
resistor, as it heated up its res is­
tance increased, degaussing only
on turn-on . Those measure­
ments were made with a cold re-
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FIG. 3-THE AUTOMATIC FINE TUNING (AFT) IC and associated circuitry. The discrimi­
nator transformer is tuned to the video carrier at 45.75 MHz.

formatio n on file . Sams Pho­
tofacts index, the serviceman's
bibl e , was of no help either.
Macys was a loca l department
store and that was their private
label. I was sure that by con­
tacting the store, I would even­
tually find a source for service in­
formation . For the time being,
however, this was an orphan TV.
Here's how I attempted to repair
the set without the security of a
schematic to fall back on.

The back was removed and re­
vealed a neat printed circuit
board onto which several mod­
ules were plugged . The main
board had a fuse wired directly on
the PCB, with a smoky look indi­
cating a blown fuse. Tracing a few
lands on the bottom of the board
showed the fuse in series with
the AC line. A single rectifier and
200 volt filter capacitor indicated
half-wave rectification .

The back of the set conve­
n iently identified the modules in
English and French. On the reg­
u lator/audio module , a TO-3
transistor Ql and a TO-220 tran­
sistor Q3 were mounted on heat
s inks. The module was unplug­
ged and some lands were traced.
The collector of Q1was connected
to the unregulated B + source,
shown in Fig. 4. The base was
connected to a small plastic tran­
sistor Q2 with the emitter wired
on the board. That was the reg­
ulator section. A little more trac­
ing showed that Q3 operated as a
single ended or class-A audio out­
put amplifier, in conjunction
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CRT

CATHODE
VOLTAGE 0-- - -4--"

FOCUS
VOLTAGE

CATHODES
CONTROL GRID
SCREEN GRID
FOCUS GRID

FIG. 5-CRT CIRCUIT SHOWING con­
nector details.

contro l usually operates at about
eigh t or nine hundred volts , de ­
rived from either a B + boos t cir­
cuit or fro m a tap-off in the focus
circ uit. It is im po rtan t to deter­
mine the presence of the screen

control voltage.
With the CRT PC board still dis­

connected, the variac was set to
produce a low B + value. Pin 3 of
the charred connector was
checked with a voltmeter and
showed over 100 volts . The
source was still operating. I
turned off the power, unsoldered
the connector pins from the
board, and cut the connector
plug from the cable leading to the
main board. The wires were in di­
vidually so ldered to the CRT PC
board without the benefit of a
connector. Then, th e area where
the connector was located was
cleaned of soot us ing a solvent.

I slowly applied power by grad­
u ally increasing the variac set­
ting, while monitoring the reg-.
u lator emitter an d observing the
CRT PCB . Soon so und was heard
and a picture was visible. The in­
pu t voltage was in creased until
110 volts AC was applied. The reg­
ulator 's output leveled off at
+ 128 volts and there was no evi­
dence of breakdown at the re ­
paired PCB. I cleaned u p the
contro ls and adjusted t h e fine
tuning for each channel, with the

AFC off. I removed the Variac and
isolation transformer and let the
set run for the rest of the day.

That was an example of being
able to make a repair wi thout any
service information. TV repairs
depend on the knowledge that
modern day TV circuitry has
evolved into a predictable config­
uration in the CRT area. It re­
quires the patience to trace lands
in order to determi ne the type of
circuit used in the critical power
supply and CRT areas. Servicing
TV sets without adequate in for­
mat ion is not recommended.
But, when you're fig h ti ng the
clock and a wisp of s moke gives
you a clue , it 's worth a try.

The type of b reakd own phe­
nomenon which occurred here is
not u n usu al. A dielec tric break­
down can occur on term inal
boards, between PCB lan d pat­
terns, as it did in this case, or
between adjacent connector
pins.

A postscri p t-further inquiry
uncovered that the manufac ­
turer of the Supre-Macy mode l
was Tech n ika, which is lis ted in
Sams Photofacts. R-E

Cut Your Video
Servicing Time

by 54%*

$3,495
Patented

With The Market Proven VA62A Universal Video Analyzer™

You can prove it to yourself, inyour shop,absolutely risk free­
and share in the profits successful video servicing can bring. Call
1·BOO·SENCORE ( 736-2673J and ask about ourexclusive
VA62A instrument evaluation program. Tech-Tape Video Preview
and FREE full line color catalog are also avai lable.

SENCORE@
3200 Sencore Drive, Sioux Falls, SD 57107
100% American Made

CIRCLE 176 ON FREE INFORMATION CARD

Areyou finding it tough to servicetoday's hi-tech VCR and TV
circuits? Successful video servicers havetold us that, to them, the
new technology meantlostprofit and troubleshooting griefuntil
they tried theVA62A's time tested, functionalanalyzing methods.
"The VA62A cuts servicing time and increases profits . . ."

"Based on anationwidesurvey of users who reported an averagetime
savings of 54% compared to theirprevious test equipment.
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1 coulomb = 6.25 x 1018 electrons.
o
o
o

The unit of magnetic flux den- ~

sity is the tesla, where ~

1 lesla = 1 weber/m2. :go

Electric and magnetic fields
There are really four quantities

relevant in electromagnetics:
electric field intensity ). mag­
ne ic field intensity Ho • electric
flux density Do. and magnetic
flux density Bo ' The Briti h phys­
leis James Clerk Maxwell. in the
19th century. found the comple. ·
equations governing all four
quantities.

The units of electric field inten­
sity are volts per meter or volts/
m. The units of magnetic field in­
tensi ty are amps per meter, or
amps/m. The units of ele ·tric flux
density are coulombs per squar
meter. or coulomb/rn". where
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kinetic energy to the RF wave by
re onance.

The electrons re-bornbard the
cathode. and the process repeats.
Only those electrons tr nsferring
enough nergy to the RF wave at
resonance reach the anode. and
only if they're close enough to be
attracted to it. M- f pe magne­
trons are efficient. so very few
el ctrons reach the anode..

The whole point of classical
vacuum tubes is anode current.
The goal of a magnetron is to not
generate a ode urr nt, sine an
electron reaching the anode can't

e reexcited to generate more ki­
netic energy to transfer to the RF
wave by resonance. An RF probe
in the cathode-anode interaction
space conducts the RF ene-rgy to
an outside waveguide. The RF
wave is the output. not the anode
current.

- ....-eTION TO
WAVE
-~GY

Cas time. we covered the major
factor mat kept classical vac­
uum tubes from generating mi­
esowaves in normal use: inter­
'{'Ie rode capacitance. lead in­

lance. gain-bandWidth prod­
u·. nd transit-time effects. The
major ef ort in the J930's and
1940's was to either clr su rnven t
thos l i m Itat ions. or exploit
them 0 good advantage.

I a magnetron. electrons ac­
c lerate toward the anode as in a
classical vacuum tube. but are
deliberately returned to the ca h­
ode by a magnetic fi Id as th tr
speed in reases. If an RF wave of
the right frequency is in the cav­
ity when the magnetic field re­
turns the electrons. and the
electrons move at the right speed
(the phase velocity) they transfer

Learn the
principles

of magnetron tube .

JOSEPH J. CARR



The weber is the metric unit of
magnetic flux (not flux density),
and is the magnetic analog of the
coulomb. Just as

1 coulomb = 1 amp x s

in the electric case,
1 weber =1 volt x s

in the magnetic case.
In most s imple materials and

vacuum, flux density is linearly
proportional to field intensity. For
the electric case,

and for the magnetic case,
Bo = fLx Ho .

The permittivity offree space is
Eo , an d the permeability of free
space is J.Lo ' In other than free
space (or vacu u m ),

and,

tial V0 between cathode and
anode, while magnetic flux den­
sity is in the +z-direction, into
the page. The anode is grounded,
and the cathode is highly nega­
tive. If the anode were positive,

ANODE ISGROUNDED;
CATHODE IS NEGATIVE

when electrons are injected into
the electric field between cathode
and anode, they're linearly accel­
erated. If the magnetic field is
into the page, and both the elec­
tric and magnetic fields are prop­
erly adjusted, the electron moves
cycloidally.

The Hull cutoff condition
Figure 3 shows three views of a

simple conventional magnetron.
The electric field lines go from
anode to cathode, and the mag­
netic field lines are into the page.
For a constant magnetic field, op ­
eration is governed by the Hull
magnetic cutoff cri terion. The
first form gives the Hull cutoff po ­
ten tial in terms of magnetic flux
density. The second form gives
the Hull cutoff magnetic flux den­
sity in terms of operating poten­
tial. The first form is

fL= fLr x fLo'

The permittivity of free space is
100 = 10-9 /(36 x It) farads/m = 8.85 pF/m,

and the permeability of free space
is

fLo=4 x It X 10-7 henry/m =1.26 fLH/m.

FIG. 2-ELECTRON PATHS IN A conven­
tional magnetron. If an electron is injected
into the electric field Eo between cathode
and anode, it accelerates linearly. If the
lines of magnetic flux density Bo is pres­
ent into the page, and both Eo and Bo are
properly adjusted, the electron moves
cy cloidally.

V = (~)B2 b2(1 _a
2)2

oc 8m a b2 .

The second form is
(8Vo~)1 /2

Boc
= be - ~:)

c

OVERCRITICAL
V.>V..

OPERATING VOLTPllE
ABOVE HULL POTENTIAL

In the above expressions

V0 is the operating potential,
Vo e is the Hull cutoff potential in
volts,

d

CRITICAL
V.",Vee

CRITICAL
,ESHOLD

'----------~_ B.
MAGNETIC

FIELD

SUBCRITI CAL
V.<Vee

OPERATING VOLTPllE ANODE OPERATING VOLTPllE
BENEATH HULL POTENTIAL CURRENT AT HULL POTENTIAL

I
a b

both it and the output waveguide
would need insulation, and be
dangerous to service.

Figure 2 shows electron paths
in a conventional m ag n et ron ;

FIG. 3-THE THREE ELECTRON TRAJECTORIES in conventional magnetrons. The lines
of electric field Eo goes from anode to cathode, while those of magnetic flux density Bo
are into the page. The subcritical case (a) yields true anode current. In the critical case (b) ,
electrons graze the anode, and in the supercritical (cutoff) case (e) , they never reach it. A
plot of anode cu rrent I as a function of Bo . is shown in (d).

FIG. 1-A BASIC CONVENTIONAL cylin­
drical or conventional magnetron. The in­
dividual chambers between the spokes
are the reentrant cavities, and connected
to the gaps between the walls of the cav­
ities. They're cavity resonators, metallic
enclosures that confine RF energy.

The M-type magnetron
A conventional cylindr ical

magnetron is s hown in Fig. 1.
The chambers are reentrant cav­
ity resonators-metallic en­
closures confining RF energy,
connected at the gaps between

(f)
o their walls . They have an infinite
~ number of oscillating modes, the
g: lowest-frequency one being dorn­
frl inant. At resonance , a standing
m wave is generated, and the peak
o electric and magn eti c field ener-
o gtes are equal.
ri There's a DC operating poten-
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UNSTRAPPED

RISING SUN BLOCK

STRAPS

operating potential. It varies the
acceleration of the electrons due
to t h e ope rating potential VOl
modulating their velocity and V0 0
densi ty, creating a "bunched up" (J

pattern. g
Figure 7-a shows the electr ic gJ

field du e to the operating poten­
tial for a h ole-and-slot block, an d

FIG. 6-EACH HOLE AND SLOT CAVITY IS
A parallel-resonant L-C tank. In unstrap­
ped (unshorted) anode, the tanks are in
series, as in (a). If alternate cavities are
strapped (shorted) as in (b) , the magne­
tron becomes an array of parallel L-C
tanks, as in (e). Magnetrons are normally
strapped, so adjacent resonators are 1800

out of phase.

CATHODE

REGULAR TRAPEZOIDIAL BLOCK
b

MAGNETIC
FIELD

,..- A '-- .....,

~~CAVlTl ES AND SLOTS

STRAPS

HOLE-AND-SLOT BLOCK
a

Pi-mode operation
Most m agnetrons wo rk in J[ ­

mod e. where the phase shift be­
tween adjacen t resonators is J[ ra­
dians . or 18 0°. The radian is an
alternate unit of angle, where 1
radian = 57.3°. When a magne­
tron is turne d on, the electron
clo u d s h oc k-exc ites (r ings) the
cavit ies, setting up a spatially­
and t ime-varying electric field in
t he cathode -a node in te ra c ti on
space, add ing to that due to the

HEATER
d

FIG. 5-SEVERAL DIFFERENT MAGNETRON ANODES; a hole-and-slot block (a) , a reg­
ular trapezoidal block (b), and a rising sun block (e). In each , the cavities and anode are
made from a single metal block; 8 0 is arranged as in (d). .

a resonant L-C tan k as in Fig. 4 :
the cav ity walls fix in ductan ce.
the wall conductivity fixes resis­
tance (not s hown) . S everal ver­
s ions a re shown in Fig. 5 : each is
a s ingle metal block, an d Bo ap­
pears in Fig. 5-d.

Co ns ide r t he h ol e -and-slo t
block in Fig. 5-a ; the others are
s im ilar. For unstrapped (un­
shorted) anodes , the tan ks are in
ser ies. as in Fig. 6-a. However. if
a lternate cavities a re strap pe d
(shorted )as in Fig. 6- b , the anode
is an ar ray of parallel L-C tanks ,
as in Fig. 6-c . That's normal for
m os t magnetrons: due to the
strap p ing of a lte rnate cavities,
adjacent resonators a re 180° out
of phase.

ba

FIG. 4-THE CAVITY RESONATORS IN
Fig. 2 act like a resonant L-C tank. The
cavity walls pr imarily contribute to cavity
inductance, while the spacing between
the walls of the gap at the base of the
cavity primarily contributes to cavity ca­
pacitance.

a is the ca thode radius in meters,
b is the anode radius in meters,
e = 1.6 x 10 - 19 co u lo m bs, t he
electron charge,
m = 9.11 x 10- 3 1 k ilograms , the
elec tron mass,
Bo is the magn etic flux densi ty in
webers per s quare meter (Wb/
m 2 ),

Bo c is the Hull cutoff magnetic
flu x densi ty in webers per square
meter (Wb/m'"),

The relative values of ope rating
potential and magnetic flux den­
s ity gover n m agnetron opera­
tion . For the fir s t form , if mag­
netic flux densi ty is above cutoff
for a given ope rating potential ,
t he electro ns don 't r each the
anode . The reverse h olds true for
the second form ; if the operating
voltage is under the Hull cu toff
p otential for a g ive n m agnetic
flu x density, the electron s again
don't reach the anode.

Figure 4 s hows the th ree con di­
tions for the second form of the
Hull cutoff cr ite r ion . Figu re 3-a
shows th e s u bc r i tic a l c a se,
where the operating potential is
be low cutoff, with a true anode
cu r rent. Figu re 3 -b s h ows the
cri t ical case, where the op erating
poten t ia l is at cu toff, a n d the
electrons graze the anode before
returnin g. Figu re 3-c s hows the
s uperc ritical case , where the op­
erat ing po tential is above cu toff,
a n d the electro ns a re deflected
back befor e h itting the anode.
Figure 3-d s hows anode cu r rent I
as a fu nction of magneti c flu x
de nsity Bo '

Magnetron anodes
The circ u la r anodes in Fig. 3

h a ve a n in fi n i te numb er o f
m odes , a nd a re u s el es s. Real
magnet rons u s e cavi ty res o­
nators like those in Fig. 1: each is
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f = ct):= c/(N x L),

to

s lo w - wave st r uctur e . Th e
"spokes" in Fig. 7- b rep res en t
segments of the space-charge
cloud as it revolves .

For a magnetron operating in
IT-mod e, the n u mber of cavities
has to be even , or N=2, 4 , 6 ,....
Since the phase sh ift between ad­
jacent cavit ies is 180°, each pair
of cavit ies shifts the phase 360°,
or on e cy cle , maintai n in g a
stan di ng wav e. The op erating
frequency of a magnetron is the
speed of light divided by the prod­
uct of the number of cavi t ies N
and the mean distance Lbetween
them , or

In th is exp ression

Voh is the Hartree potential in
volts ,
Bo is the magnetic flux densi ty in
webers per s quare m eter (Wb/
m -),
f is the frequency in Hz,
N is the number of resona tor s ,
b is the anode radius in meters,

con tinued on p ag e 76

2nfBo

Nc

dens i ty to the cath ode-anode
spacing and the operating poten­
tial is the Hartree cr ite rion . For
the conventional magnetron

FIG. 8-THE RELATIVE EFFECTS of the
hull and Hartree criteria, plotting the elec­
tric field Eo versus the magnetic flux den­
sity Bo. The electric field is directly pro­
portional to the operating potential Vo,
since the cathode-anode spacing is fixed.
The Hull criterion is above, the Hartree
criterion below, and they intersect both at
the origin and when Voc=Voh' If Vo>Voi
and Bo>Bo;, oscillation occurs; if not, the
RF energy is cutoff.

The Hartree cutoff condition
The Hull con d iti on expresses

the cutoff potential in terms of
magnetic flux densi ty, or vice-ver­
sa. A more complex com pan ion
con dit ion relating magneti c flux

In Fig . 7, the electric fields
shown are for two different eight­
cavity blocks, or N = 8. For those
two blocks, the mode can be
found since

<PN= (2 x nx n)/8 =n,

so that those two anode blocks
exh ib it fou r th -order modes , or
n = 4 . The su ccess ive adj acen t
cavities create a traveling RF
wave a long the su r fa ce of the

is the speed of light in free space.
In the vacuum of a magnetron,
both group an d phase velocities
equal c.

Another way to think about
these two speeds is that group
velocity means, "So many joules
of energy per square meter pass a
point per unit time ," while phase
velocity means, "So many radi­
ans of a wave pass a point per
unit time." For a magnetron to
oscillate, the electron tangential
speed must equal the phase ve­
locity, or

velocity of an RF wave (more be­
low), so it interacts with an elec­
tron beam. The cavity is desi gned
so oscillations occ u r on ly if the
to tal phase shift around the
a node is a mult ipl e of 36 0 0 or
2 x IT radians , creating a s tand­
ing wave. For an N-cavity anode ,
the phas e shift between adjacen t
resonators is

<Pn=(2 x Jl xn)/N.

where n is the mode of oscilla­
ti on.

All RF waves have a grou p ve­
locity an d a phase velocity. Group
velocity Yo is the speed of energy
propagation, equal to the speed
of light in free space divided by
the refractive index of the med i­
um an RF wave passes through.
Phase velocity vI' is the speed of
phase propagation , t he r ate
phase varies with distance , the
speed of light multiplied by re­
fr active index of the medium .
The refractive index of a medium
is always the square root of the
product of its r elative per­
meability and permittivity, so
that

c =3 x108 m/s

where

vp = c x V fLr x Ep

and

FIG. 7-THE SHOCK-EXCITED, spatially­
varying n-rnode Eo for a hole-and-slot
block in (a) , and a trapezoidal block in (b),
both with N= 8. They cause nonuniform
electron acceleration resulting in velocity
and density modulation, and " bunching
up" of electrons.

b

for a trapezoidal block in Fig . 7-b,
both in n-mode , For oscillation to
occur, the elec tron velocity must
equal the phas e velocity of the RF
wave, s o resonance ca n transfer
kineti c energy in to RF energy. If
that occu rs , the elec t ro n clou d
keeps r inging the cav it ies , gener­
at ing RF waves . The electron ve­
locity is the ratio of the electric
field from the operating potential
to the magnetic flux density, or

Vo = Eo/Bo·

At that s peed , the electron s
los e energy to the RF wave, s low
down, a n d return . During os­
cilla ti on , there 's no anode cu r­
rent, as sh own in Fig. 3 -d . Since
the m a gnetic field is perpen­
dicular to the electron motion,
the centripetal ac celeration in­
ward from th e magnetic fi eld
eq u a ls that radially outward
from the electr ic field.

A reentrant cavity resonator is
a "s low-wave" structure; its pur­
pose is to slow down the phase
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MEMORY CARD

continuedJrom page 58

strobe) enable signals for the
RAM. In order to keep the board
size small, a PEEL programma­
ble logic device was used for IC2 .
For those interested in program­
ming their own device, or for
those simply interested in how
the decoding works, the truth ta­
ble for IC2 is shown in Table 1.

The address and control s ig­
nals to the RAM are buffered by
IC3 and IC4 . A four-position
jumper, Jl , is used to select the
amount of on-board memory you
will use and whether th e pr in ter
is a lIP or III. The 8048 micro­
controller is programed to com­
municate to the printer such
information as "I am here," and "I
have 1 megabyte of memory in­
stalled, " etc., and its h ex code is
shown in Listing 1.

Assem bly
Although the circuit is simple,

the need to accommodate up to 4­
m egabytes of memory (3 2 IC's)
makes the PC board rather com­
plex. The foil patterns are pro­
vide d for the board, but you will
h ave to drill 945 holes if you wish
to make your own.

Referring to the parts-place­
ment d iagra m in Fig. 2 , install
the parts in the following order.
Start by installing and soldering
all of the IC sockets. The 20- pin
sockets should have b u ilt-in 0 .1
f.LF decoupling capacitors . (The
finished board is shown in Fig. 3,
where you can see the IC sockets
with the built-in decoupling ca­
pacitors.) Orientation of these
sockets is important, as the ca­
pacitor must go to pins 10 and 20
of the pads on the board. How­
ever, you can use regular sockets
and mount the capacitors on the
bottom side of the board or un­
derneath the sockets . Because
you don't have to install the full 4
megabytes of memory on the
boar d , you might want to in s tall
only as many sockets as needed.
In s t a ll 8 sockets per row per
megabyte, starting in the row
next to IC1.

In s tall capacitors Cl through
C5 . Make su re you properly ori­
ent the polarized capacitors, Cl
and C5 .

J u mper block Jl may be either
an 8-pin dual-row male h eader

FIG. 2-ALTHOUGH THE CIRCUIT IS QUITE SIMPLE, the PC board is rather complex, in
order to accommodate up to 32 dynamic RAM IC's.

FIG. 3-THE PROTOTYPE BOARD uses IC sockets with built-in decoupling capacitors.
Orientation of these sockets is important, as the capacitor must go to pins 10 and 20. You
can also use regular sockets and mount the capacitor under the socket or on the solder
side of the board.

TABLE 1
TRUTH TABLE FOR 011273 DECODER

Inputs Outputs

1 2 3 4 12 13 14 15 16 17 18 19

1 X X X H H H H H H H H
a a a a L H H H H H H H
a 1 a a H L H H H H H H
a a 1 a H H L H H H H H
a 1 1 a H H H L H H H H
a a a 1 H H H H L H H H
a 1 a 1 H H H H H L H H
a a 1 1 H H H H H H L H
a 1 1 1 H H H H H H H L

"X" = Don't Care

o
o
o
OJ
m
JJ
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LISTING 1

TABLE 2

MODEL liP MODEL III

PIN1 PIN2 PIN3 PIN4 PIN1 PIN2 PIN3 PIN4

1 MEG 0 0 0 0 0 X 0 0

2 MEG 0 0 0 X 0 X 0 X

3 MEG 0 0 X 0 0 X X 0

4MEG 0 0 X X 0 X X X

00 31 00 09 06 DC 21 48 01 4E 23 ED A3 ED A3 4E 23 ED A3 20 F4 CD DA 00
DD 21 35 01 CD E6 00 CD 24 01 FE 24 28 EF CD 7A 00 20 F1 E5 CD OD 0 1 E1
E9 CD DA 00 DD 21 3E 01 CD E6 00 CD 24 01 FE 24 20 F6 OE 08 21 00 02 ED
A3 DB 05 CB 7F 28 FA DB 05 CB 7F 20 FA ED A3 18 FO CD DA 00 DD 21 43 01
CD E6 00 CD 24 01 FE 24 20 F6 76 01 FF 07 21 00 08 11 01 08 36 00 ED BO
18 9B 06 03 OE 04 1 6 40 ED 51 DB 04 E6 OF 20 06 CB OA 10 F4 04 C9 CB 2 F
4F 3E FB C6 05 10 FC 81 FE 03 FA 9F 00 D6 01 FE 07 FA A6 00 D6 01 FE OB
FA AD 00 D6 01 87 16 00 5F FD E5 FD 21 5C 01 FD 19 FD 6E 00 FD 66 01 FD
E1 AF C9 CD E6 00 FE 24 20 F9 FD 7E 00 FD E1 F5 CD EC 00 CD OD 01 F1 CB
42 C9 DD 21 30 01 CD E6 00 FE 24 20 F9 C9 DD 7E 00 FE 24 C8 01 03 00 21
02 08 11 03 08 ED B8 FE 2A 20 03 3A 03 08 12 DD 23 01 04 00 21 03 08 11
03 10 ED B8 C9 3E 70 D3 04 21 00 02 CD 27 01 DB 04 E6 OF 20 F4 21 00 02
CD 27 01 C9 21 00 18 11 00 00 37 ED 52 20 FB C9 20 20 20 20 24 43 4F 4D
4D 41 4E 44 3F 24 52 45 44 59 24 44 4F 4E 45 24 OA CF 00 08 FF DB CF 00
09 00 06 CF OF 04 00 07 CF 80 05 3C 15 00 6B 00 15 00 15 00 15 00 15 00
15 00 1 5 00 15 00 1 5 00 15 00 31 00 00 00 15 00 31 00 00 00 00 00 00 00
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF 00
00 00 00 FF 00 00 00 00 00 00 00 00 FF FF FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF 00 00 00 00 FF 00 00 00 00 FF 00 FF 00 FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF 00 00 00 FF OF FF FF FF FF FF 00 00 EE
EE FF 00 00 00 FF FF 00 FF FF FF 00 00 00 FF 00 FF OF OF OF FF FF OF FF
OF FF FF OF OF EF 1F FF FO FO FO FF FF FO FF FO FF FF FO FO FE F1 FF OF
OF OF FF FF OF FF OF OF FF FF OF OF FF FF FO FO FO FF FF FO FF FO FO FF
FF FO FO FF FF OF OF OF FF FF OF FF OF FF OF OF OF EF EF FF FO FO FO FF
FF FO FF FO FF FO FO FO FE FE FF 3F 3F 3F FF FF 3F 3F 3F FF 3F 3F 3F 3F
FF FF F3 F3 F3 FF FF F3 F3 F3 FF F3 F3 F3 F3 FF FF 3F 3F 3F 3F FF 3F 3F
3F 3F 3F 3F 3F 3F FF FF F3 F3 F3 F3 FF F3 F3 F3 F3 F3 F3 F3 F3 FF FF 3F
3F 3F 3F FF 3F 3F 3F 3F FF 3F FF FF 3F FF FO FO FO F3 FF FO FO F3 FO FC
FO FC FC F3 FF 3C 3C FC 3C 3C FC FC FC FC FC 3C 3C BC BC FC 30 30 FC 30
FC 3C FC FC FC 3C 30 30 F8 38 FC 30 30 FC 30 FC 30 FC 3C FC FO 30 30 BC
70 FC FC FC FC FC FC FC FC FC FC FC FC FC FC FC FC 30 30 FC 30 FC 30 FC
30 3C FC FO FO 38 34 FC DC CC CC CC CC CC CC CC CC CC CC CC CC CC CC 00
00 CC 00 CC 00 CC 00 CO OC DC OC 80 80 CC CC CC CC CC CC CC CC CC CC CC
CC CC CC CC CC CO CO CC CO CC CO CC CO CC CO CO CO C8 C8 CC CC CC CC CC
CC CC CC CC CC CC CC CC CC CC CC CC CC CC CC CC CC CC CC CC CC CC CC CC
CC CC CC CC CC CC CC CC CC CC CC CC CC CC CC CC CC CC CC CC CC CC CC CC
CC CC CC CC CC CC CC CC CC CC CC CC CC CC CC CC CC CC CC CC CC CC CC CO
CO CC CO CC CO CO CC CO CO CO CO CO CC CC CO CO CO CO CO CO CO CO CO CO
CO-CO CO CO CO 00 00 00 CO CO 00 00 CO 00 00 00 00 00 CO CO CO CO CO CO
CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO
CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO
CO CO CO CO CO CO CO CO 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

MICRO TECH

Conclusion
Figure 9 shows a typical exam­

ple of a magnetron, the SFD-352
tunab le, coaxial ve rs io n from
Varian Assocs. A coaxial version
di ffers from a conventional ver­
s ion by a h igh-Q stab ilizing cav­
ity that su rrounds the a node.
The output wavegu ide flange ap­
pears on the top of the front. an d
it has a tuning range of 8. 5-9 .6
GHz set by the vernier di al. R-E

contin uedjrom page 74

FIG. 9-THE VARIAN SFD-352 TUNABLE.
convent ional magnetron; the output
waveguide flange appears on the top of
the front. It has a tuning range of 8.5-9.6
GHz set by the vernier, a peak power of 220
kilowatts, a nominal anode potential of 22
kilovolts, and a peak anode current of 28
amps.

a is the cathode radius in meters.

Figure 8 shows a s im u ltaneous
plot of the Hull and Hartree crite­
r ia for a co nventional magne­
tro n. whe re the elec tric field Eo is
a function of magnetic flux de n­
s ity Bo '

The electric field between two
conductive surfaces is always the
operating potential di vid ed by
t he di s t an ce betwee n them .
S ince the geo metry of the magn e­
tron is fixed . with the anode­
cathode spacing a constant , then
that proportionali ty is valid. The
Hull curve is on top. the Hartr ee
curve below: They intersect at two
locati ons: at the orig in . a nd
when the Hull and Hartree poten­
tials a re equal, wh ich really also
means that Eo e equals Eo h '

If V0 is greater than Voi and B,
is greate r than Bo i ' anode current
is cu to ff an d the magnetron os­
cilla tes; o the rwise. a n ode cur­
rent flows and oscillation is cut­
off.

from getting b roken off la ter.
Check you r work care fu lly. Ex­

amine your so lde r ing under an
illuminated magnifier for solde r
bridges .

Ins tall the IC's in their sockets .
You will n eed 8 25 6K x 4-b it dy­
namic RAM's (no slowe r than 120
ns) for each megabyte of memory
you wis h to install, starting with
the row n eares t ICI. contin u ing
toward the rear edge of the board.
Table 2 indicates how to set Jl
(the DIP switch or jumpers) for
the amou nt of memory an d type

continued on page 94

con necto r with shorting blo cks
or a 4-position DIP switch; ins tall
it now: Also install an d so lde r J2.
a 48-pin double-row s t raig ht
male h eader.

Make or purchas e a cab le to
plug the memory board into the
printer. The cable mus t be a 48­
con ductor r ibbon cable. abo ut 2
in ches long . with a 48-p in female
IDC (insula tion displa cement)
con nector on each end.

Install t he 6-MH z c rys ta l
(XTALl) so that it lays on top of
C3 and C4. parallel to the PC
board. A dab of epoxy will keep it
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HARDWARE HACKER
This month we look at various types of filters and a

digital thermometer.

DON LANCASTER

(A) lOW PASS (B) BAND PASS (C) HIGH PASS

FIG. 1-THREE EXAMPLES OF SECOND-ORDER passive LC filter secti ons.

O ur no-charge Hard wa re
Hacker helpline sure gets a
lot of t raffic on filters and

filtering. So this month, I thought we
might go over some filter fundamen­
tals, especially in deciding just what
kind of filter should get used where.

Passive filters
An electron ic fil ter is some fre­

quency-select ive network that favors
certain frequencies at the expense of
others. Filters are normally used to
strengthen wanted signals while try­
ing to reject unwanted ones .

Traditionally, filters were built by
using combinations of inductors and
capacitors . These are called passive
filters , and three examples appear in
Fig.l .

In l -a, we have an example of a low­
pass fi lter. At very low frequencies
the inductor appears as a piece of
straight wire and the capacitor's reac­
tance is extremely high. So DC and
very low audio frequencies are readily
passed. At very high freque ncies , the
inductor looks like a high blocking
impedance and the capacitor looks
like a very low shunting impedance,
so all the high frequenc ies will get
strongly attenuated.

The one-two punch of this example
makes it a seco nd order fi lter. At low
frequenc ies , the response is flat. At
very high frequencies , the response

will quarter with each doubling of fre­
quency, or fall off at a - 12-decibel­
per octave rate .

What will happen at the corner fre­
quency wit h this circuit? Well , that
depend s on the ratio of the induc­
tance to capac ita nce . Shou ld you
want the sm oothest possib le re­
sponse, you can adjust the ratio of L
to C so your response ends up pre­
cisely 3 decibels down, or roughly 70
perce nt of the amplitude at the cor­
ner frequen cy. This - 3-decibe l point
could also be called the cutoff fre­
quency. Such a low-pass filter with
the smoothest poss ible passband is
usually called a Butterworth filter.

The LIC rat io of the circuit is also
known as the damping. If you are
critically damped, you will get the
smoothest possible response. If you
are underdamped, you get a rising or
a peaked respons e at your corner
frequency. If you are overdamped,
you get a very droopy result.

A simp le treble control on a Hi-Fi is
an example of a low-pass filter.

A band-pass filter appears in Fig. 1-
b. At rather low frequencies, the ca­
pacitor provides a high reactance,
and your response increases at a
+6-decibel per octave rate . At reso­
nance, otherwise called the center
frequency, the reacta nces cancel ,
giving you unity gain. At the higher
frequencies , the inductor provides a

high series reactance , and the re­
sponse decreases at a - 6-decibel
per-octave rate .

The ratio of the inductance to the
capacitance sets the damping, which
in turn wi ll set the sharpness of your
resonant peak. Since very low damp­
ing values are usually involved, a fac­
tor called the "0" is used instead.
The 0, or "q uality" factor is the in­
verse of the damping. The 0 is also
the bandwidth of the center peak be­
tween its - 3 decibel points .

Note that , no matter how high the
0, the slopes at very low and very
high frequencies will stay at + 6 and
- 6 decibels per octave. Your choice
of 0 determines only the narrowness
and the peakedness of the response
at or near resonance. The tuning dial
on an AM radio is an example of a
band-pass filter.

A second-order high-pass filter ap­
pears in Fig. l-c. Here, the high im­
pedance of the series capacitor and
the low impedance of that shunting
inductor attenuates the very low fre­
quencies , creating a double whammy
attenuation rate of +12 decibe ls per
octave . At higher frequencies, the ca­
pacitor's reactance is low and the in­
ductor's is high, freely passing the
highs without attenuation.

Once again at the corner frequen­
cy, you will get a peaked , smooth , or
dro oping response depending on
your LIC ratio and its damping factor.

The bass contro l on a Hi-Fi is one
example of a high-pass filter.

Actua lly, there is no such thing as a
true electronic high-pass filter, since
one of these wou ld also have to pass
microwaves, heat, light , and X-rays.
At very high frequencies , the circuit
strays (such as a capacitor self-reso­
nating on its own leads) can alter the
response .

High-pass filters also tend to be 0
" noisy," since they freely pass all the 0

dharmonics of all supposedly rejected CD

waveforms. Compared to a low-pass gJ
filter, which performs one or more cD
integrations, a high-pass filter does ~
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one or more differentiations, or slope
extractions. This also can add to the
overall noise.

Fancier filter respo nses are picked
up by using additional inductors and
extra capacitors to increase the order
of your filter. Unfortunately, you can
not jus t "stack up" passive sections .
Each in turn has to play a specific and
non-obvious part in your overall des ir­
ed response.

My favorite design book on pas­
sive filters remains Louis Weinberg's
almost ancient Network Analysis and
Synthesis (McGraw Hill, 1962). The
Radio Amateur's Handbook also has
lots of good pass ive filter design infor­
mation in it, as do most co llege-level
circuit or network texts.

These days, you usually t ry to avoid
passive filters like the plague, since
they are bulky and expens ive, and
hard to redesign, calibrate, or adjust.
They also lack gain and do need care­
fully controlled source and load im­
pedances. So, you' ll want to avoid
passive filt ers at all costs- unless
you happen to be working with ex-

NEED HELP?

Phone or write your Hardware
Hacker questions directly to:

Don Lancaster
Synergetics
Box 809
Thatcher, AZ 85552
(602) 428-4073

treme ly low signa ls, at very high
power levels, or at very high frequen­
cies where nothing else will do the
job. The usua l way of filtering stuff
today involves ...

Active filters
With an active filter, you can use

combinations of res istors, capaci­
tors, and operational amplifiers to
fake the response you would get from
a passive LC filter. The energy from
the power supply is used to sub­
st itute fo r the energy normally stored
in an inductor's magnetic field.

Important advantages of the active
filters are that the re are no inductors
involved, they are easy to design, and
they are easy to tune .

Since active filters can also provide
buffe ring and gain, they are far less

sens itive to source or load imped­
ances than passive filters .

Wh ile there have been many dif­
ferent active-fi lter design methods in
the past, only two have really surv ived
and stay popular today. These are the
everyday Sal/en-Key single op -amp
filters and higher performance State
Variable filters that need three or four
op-amps per second-order section.

Figure 2-a shows to you a second­
order Sallen-Key low-pass filter, nor­
malized to a 10K impedance level and
a 1-kHz cutoff frequency.

The original horse's mouth on this
was R. Sallen and Key's A practical
method of designing RC active filters
from the IRE Transactions on Circuit
Theory, March 1955, pp 74-85 .

Their prototype Sallen-Key filters
were intended for use with cathode
followers, the vacuum-tube precursor
to a transistor emitter-fol lower circu it.
These were designed to work wi th a
unity or slig ht ly lower gain , wh ich
forced you to select we ird ratios of
capac itors and caused an interaction
between the corner frequency and
the desired damping .

Many years ago , I played around
with the Sallen-Key math in detail and
came up with a twist that made these
filters far simpler to desig n and use. I

'1f-J../'NIr_--W 'Iv-- ..,
39K 39K x (2-d)

(A) SIMPLE SECOND ORDER SALLEN-KEY SECTION

>-- +-- --<:> OUT

I

10K10K

0.16

IN

HANDS-ON BOOKS
Hardware Hacker Reprints II 24.50
Ask The Guru Reprints I or II 24.50
CMOS Cookbook 18.50
TIL Cookboo k 16.50
Active Filter Cookbook 15.50
Micro Cookbook vol I or II 16.50
Lancaster Classics Library 99.50
Enhancing your Apple I or II 17.50
AppleWr lter Cookboo k 19.50
Apple Assembly Cookbook 21.50
Incredible Secret Money Machine 10.50
LaserWrlter Reference (Apple) 19.50
PostSCript Cookbook (Adobe) 16.50
PostSCript Ref. Man. (Adobe) 22.50
PostScript Prog. Design (Adobe) 22.50
Type I Font Format (Adobe) 15.50
Real World Postscr ipt (Roth) 22.50

UNLOCKED SOFTWARE

(B) FOURTH ORDER BUTTERWORTH LOW PASS AUDIO FILTER

>--+--- -0 OUT

47K

10K

39K

10K

0.16

6.2K39K

10K

0.16

FIG. 2- TWO SAL LEN-KEY LOW-PASS active filters. Most any premium grade of op-amp
can be used . Components should be 5% or better.
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NAMES AND NUMBERS

renamed it the Equal Comp onent Val­
ue Sallen-Key filter. In the Fig. 2-a
design, both capac itors are of identi­
cal value and set only frequency. Both
resistors are of identical value and
also set only f requency. The op-arnp
gain independ ently sets the damping .

To scale your frequency, you just
increase either resistor pair or either
capacitor pair to lowerfrequency, and
vice versa. To scale impedance, pro­
porti onate ly raise the resistors and
lower the capac itors . Full det ails ap­
pear in my Active Filter Cookbook.

Norm ally, you combine, or cascade
second order sections to build up a
fancier filter of higher order. By very
carefully selecting the damp ing value
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GENIE
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and that co rner frequency of each
second-order section, you can pro­
duce an overall filter response of
most any desired complexity

Some of these fanc ier responses
do have speci fic names. For instance,
a Bessel filter will give you the flattest
possible tim e delay at the expense of
the amplitude fall-off. As we've just
see n, a Butterworth filte r can give
you the smoothest possible ampli­
tude response. If you are willing to
allow some ripple in the passband,
you end up with a Cheby chev filter.
Popular Chebychev filters could be
created with one, two , or even three
decibels of passband ripple. Finally,
the Cauer, or Elliptical type filter will

Science Frontiers
The Sourcebook Project
PO Box 107
Glen Arm, MD 21 057
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Sharp
Sharp Plaza
Mahwah, NJ 07430
(201)' 529-8757
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Siemens
2191 Laurelwood Road
Santa Clara, CA 95054
(408) 980-4500
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Its no
fluke.

Made in the U.S.A.

Building the best DMMforthe money is no
accident. The new RMS225was carefully
designed togive you what you wanted at a price
you couldafford. Visit your localdistributor
today andyou'llagree thechoice is obvious.

I!> TouchHold isaregistered trademark oftheJohn Fluke
Mfg. Co., Inc. ' 1990 FlukeandPhilipsCatalog

Hewlett-Packard
P.O. Box 10161
Palo Alto, CA 94303
(415) 857-1501
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HoechstiPlastics Division
P.O. Box 58160
Houston, TX 77258
(800) 242-8469
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International Rectifier
233 Kansas Street
EI Segundo, CA 90245
(213) 772-2000
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Loch Ness, Inc.
3700 Colfax Avenue South
Minneapolis, MN 55409
(800) 323-8623
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Surplus News
PO Box 276
Alburg, VT 05440
(514) 739-9328
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Telefunken
PO Box 3800
Somerville, NJ 08876
(201) 722-9800
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Texas Instruments
PO Box 1443
Houston, TX 77001
(800) 232-3200
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Unitrode
580 Pleasant Street
Watertown, MA 02172
(617) 926-0404
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Fluke
Modeln

3-'12 Digits

3,200 Counts

0.3%Accuracy

TouchHold<l!>

31 SegmentAnalog
Bar Graph

2,000 Hour Battery Life

10ARange (Fused)

ProtectiveHolster

3Yr. Warranty

$159'

Beckman Industrial
RMS225

4Digits

10,000 Counts

0.250/0Accuracy

Probe Holdl"

41 Segment Analog
Bar Graph

1,000 Hour Battery life

'lOA Range (Unlusod)

Protective Holster

3Yr. Warranty

True RMS

Auto MinMaxTII

Relative Mode

Self-Reselling Fuse
l40mA Input)

$149

Peer Protocols
3176 Pullman, Ste 101
Costa Mesa, CA 92626
(71 4) 662-1929
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Watlow Controls
1241 Bundy Blvd.
Winona, MN 55987
(507) 454-5300
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An Affil ia te of Emerson Elec tric Co.

Instrumentation Products Division
3883 RuffinRoad, San Diego, CA 92123·1898

(619) 495-3200 • FAX (619) 268-0172 • TLX 249031
Outside California 1-800-854-2708 Within California1·800-227-9781

© 1990Beckman IndustrialCorporation. Specificationssubject to change
without notice.Flukeis a registered trademarkotjohn Fluke Mfg.Co., 11K.

I N'90-01·1090
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DIGITAL VIDEO STABILIZER
ELIMINATES ALL VIDEO COPY
PROTECTIONS

ToOrder: $49.95 ea + $4 for FAST UPS SHIPPING

1-800-445-9285 or 516-694-1240
Visa, M/C, COD M-F: 9-6 (battery not Included)

sea ELECTRONICS INC.
Dept. CBYlO581 W. Merrick Rd. Valley Stream NY 11580

Unconditional 30 days Money Back Guarantee

kHz cutoff frequency and a - 24-deci­
bel per octave roIIoff. Note that the
two sections are not identical. A lso
note that a DC return path to ground
must be provided back through the
input source resistance for a low­
pass active filter to work properly.

It has been pretty much proven to
everyone's satisfaction that you can
not build up a high-Q active band­
pass filter using only a single op-amp.
The impedance levels, interactions,
and gain requiremen ts all gang up on
you as you raise the Q.

Figure 3 shows you the best of a
so rry lot of single op -arnp seco nd­
order band-pass filters . This one is
called a multiple feedback circuit. It is
recom mended only for Q va lues
much less than 10. Thus, while that
type of filter is useful for suc h things
as an equalizer or a simp le psyc he­
delic lighting filter, it is strictly limited

ACTIVE FILTER RESOURCES

Nuts & Volts
Box 1111
Placentia, CA 92670
(714) 632-7721
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Analog Devices
One Technology Way
Norwood, MA 02062
(617) 329-4700

CIRCLE 230 ON FREE INFORMATION CARD

also add "zeros" to your stop band,
giving you the fastest possible fall-off.

One thing that many beginning
hackers miss: if your filter is made up
of cascaded and isolated second­
order sections, the only difference
between these filter types lies in how
you select the damping and the cor­
ner frequency ofeach section. That's
all. Thus , once you have a filter built,
all you need do is change the damp­
ing and the corner frequency of each
section to get any desired result from
Bessel on through Chebychev.

As with pass ive filters , you do not
simp ly stack up ide ntica l second­
order sect ions. Instead, yo u must
caref ully se lec t you r dam ping and
co rner frequency of each sec t ion to
properly interact with the others to
get the final des ired response .

Figure 2-b shows a fourt h-o rder
Butterworth low-pass filter having a 1-

WARNING:
SCO
Electronics and
RXII dealers do
not encourage
people to use
the Digital
Video Stabilizer
to durlicate
renta movies
or copyrighted
video tapes.
RXII is in­
tended to stabi­
lize and restore
crystal clear
picture quality
for private
home use only.

( Dealers Welcome)

While watch ing rental
movies, you will notice an­
noying periodic color
darkenin!;l, color shift, un­
wanted lines, flashing or
jagged edges. This is
caused by the copy protec­
tion jamming signals em­
bedded in the VIdeo tape ,
such as Macrovisio n copy
protectio n. Dig it al Video
Stab ilizer: RXII completely
eliminates all copy protec­
tions and jamming signals
and brings you crystal clear
pictu res.

FEATURES:
• Easy to use and a snap

to install
• State-of-t he-art In­

tegra ted circuit techn ol-

•~ automatic· no
need for any
troubl esom e adjust­
ments

• Compatible to all types
of VCRs and TVs

• The best and most excit­
ing Video Stabilize r in
the market

• Ught weig ht (8 ounces),
and Com pact (1x3.5x5 )

: ~:~~~:~~~~~~ ~iC~X
bat1ery which will lest 1­
2 years.
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Burr-Brown
6730 South Tucson Blvd
Tucson, AZ 85706
(602) 746-1111
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Plessey Signal Technology
9630 Ridgehaven Court
San Diego, CA 92123
(619) 571-7715
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Exar
Box 49007
San Jose, CA 95161
(408) 732-7970

CIRCLE 232 ON FREE INFORMATION CARD

PMI .
1500 Space Park Drive
Santa Clara, CA 95052
(408) 727-9222
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1 Unit 10+
Jerrold S.B. $74 $55
Jerrold SB w/Irimode $90 $70
Oak N-12 (wNS) $89 $65
Scientific Atlanta $109 $75
Pioneer $109 $75
Panasonic converter $98 $79
73 channel converter $79 $S9

Texas Instruments
PO. Box 1443
Houston, TX 77001
(800) 232-3200
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TRW
Box 2472
La Jolla, CA 92038
(619) 475-1000
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Synergetics
Box 809
Thatcher, AZ 85552
(602) 428-4073
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Teledyne Semico nductor
1300 Terra Bella Avenue
Mountain View, CA 94043
(415) 968-9241
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Motorola
Box 20924
Phoenix, AZ 85036
(800) 521-6274
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National
2900 Semiconductor Drive
Santa Clara, CA 95051
(408) 721-5000
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Maxim
120 San Gabriel Drive
Sunnyvale, CA 94086
(408) 737-7600
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Linear Technology
1630 McCarthy Blvd
Milpitas, CA 95035
(408) 432-1900
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1-800-445-9285

We Beat Anyone's Price!
30 Days Money Back Quaranty

Free Catalog
Visa, MIC, COD or send money order to:

US Cable TV Inc. Dept.KCT10

4100 N.Powerline Rd ., Suite F-4

Pompano Beach, Fl 33073
(J)

o
Z
oa:
f­&:l Please have make and model number of the
u:J equipment used in you r area ready.

o No Florida Salesl
o It's not the intent of US Cable TV Inc. to<X:
a: defraud any pay TV operator and we will not

assist any com pany or individual in doing so.
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DAMARK PRICE:
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· 100% IBM compatible.
• 80386S X-16/8 MHz speed, zero wait state ,

upgradable to 20 MHz.
• One 3-1/2" 1.44 MB floppy disk drive .
• One 5-1/4" 1.2 MB floppy disk drive.
·40 MB hard drive/28 millisecond access

time . • 1 MB RAM on motherboard ,
expandab le to 8 MB.

• Expansion slots: four IBM AT slots.
• Two serial ports. • One paralle l port .
• Built-in VGA video support.
• Battery backed real time clock/calendar.
• 8038 7SX- 16 math co-processor socket.
• 101 key detachable IBM style keyboard .
• Phoenix BIOS.
• Included MS-DOS 4.0. Does not include

software shown on screen .
• Dim.: 16"WxI 8"Dx5"H. • Model # CPC8248.
• One Year Warranty th rough Cordata.
• Factory New ! Factory Perfect!
VGA mon ito r:
• 14" non-g lare color monito r.
· 100% IBM

compatible. Mlr. Sugg. Retail:
• .42 mm dot pitch.
• 256 colors . $2,968.00
• Resolution:

640x480.

· Dim.: 14.72"W $149999
x 12.40" H

x 15.64"0 . ItemNo. B-2284-143578
Insured Ship/Hand.: $49.00LP OUT

0.16~F

10K

0.16 ~F

Active filters are limited by the fre­
quency response , the slew rate, dis­
tortion, and noise floor of the op-amp
used . They are best used at audio and
low video frequencies having signa ls
wh ich are neither very small nor ex­
cessively large. Qua lity op-arnps for
act ive filters are available from Linear
Technology , Burr-Brown, Analog De­
vices , Maxim, National, and PM/.

By one of those utterly asto unding
co incidences that seem to infest th is
colu mn, I've written an Active Filter
Cookbook that somehow has gotten
up to its fi ft eenth print ing. It includes
everything you need to build all your
own real-world active filters . Write or
call for an autographed copy.

Other filter types
Besides pass ive and act ive filters,

there are several other major new
methods of filtering electron ic signals
that are of more than passing hacker
interest. These now include switched
capacitor fi lters , digita l signal pro­
cessing, and surface wave devices.

A switched capac itor f ilter is just
that-some integrated circui t which
contains a bunch of small capacitors

10K

10K

HP OUT

>--+--0 OUT

10K

10Kx(20)

10K

0.16 T
IN~

10K/ (20) 0.16

FIG. 3- THIS SINGLE-AMPLIFIER multi­
ple-feedback band-pass active f ilt er can
be used only fo r Q values of 10 or less.

10K

·1f--AJ\N\r--<>---'llv'lAr-- - - --- ......

to lower Q app lications.
The higher performance work­

horse second-order active fi lter cir­
cuit is called a state variable filter and
is built using three or four op-amps
per Fig. 4 . This one has three sepa ­
rate low-pass, band-pass , and high­
pass outp uts , is very wel l behaved ,
and can wo rk with very high Q or low
damping values . A fourth op-amp can
be added to the circu it shown to
make the ga in independent of th e
damping .

Finally, Fig. 5 shows you a Sallen­
Key single op-amp high-pass circu it.
This one is simply the low-pass circ uit
of Fig. 2 " insided out" to get the
complementary response.

3.3K 3.3Kx(30 -1)
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/Exp. Date _ .....L._ _ Ph. # ( 1 _

Name _

Addres s _

City.State.Zip _

o Check/MO 0 VISA 0 Master Card 0 Discover
Card No. _

Signature _

Copyr ight 1990 DAMAn K lnternaticnal. Inc. All rights reserved.

FOR FASTEST SERVICE
CAL L TOLL FREE

1-800-729-9000
I VISaJ IJ

• • •••••••••
DAMARK INTERNATIONAL, INC.

710 1 Winnetka Aile. N., Minneapolis, MN 55428-16 19
Custome r Service · 612-53 1-0082

Please rush me: _ _ Cordata Computer(s)
@ $1499.99each, plus$49.00s/h each.

ItemNo.B-2284-143578 MNres. add 6% sales tax.

that are switched on and off to sam­
ple an input signa l. If the sw itch ing is
just right, the charge on the capac ito r
will follow and reinforce the input sig­
nal. If it is wrong , the charge on the
capac itor wi ll average out to zero . By
carefu lly arranging the network of
properly switched capa citors, you
can favor certa in frequencies and re­
ject other ones . .

The big advantages of switched ca­
pacitor filters are electronic tunabil ity
and min imum cos t . In t he past,

>-- +-- -0 OUT

10K 10K

IN

20K 20K x (2-d)

FIG. 5-THE SAL LE N-KEY HIGH-PASS
second-ord er fil ter section is simply the
low-pass circuit of Fig. 2-a inside out. Val­
ues are for 1 kHz.

BP OUT

FIG. 4-THIS STATE-VARIABLE ACTIVE FILTER gives low-pass . band-pass , and high ­
pass outputs and is best used for high-Q or low-damping applications.
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ORDER NOW! A digital thermometer
Radio Shack now has an amazingly

so phist ica te d digital thermometer
that sells for less than twenty bucks.
It is part number 277-123.

This beauty runs off a single M

sona l computers and sy nthes izers
have gone the DSP route for most of
their so und capabi lit ies . The main
manufacturers of DSP products in­
clude A nalog Devices , Texas Instru­
men ts , Motorola, and TRW. Al l of
these folks have extens ive data
books and detailed appl ication notes
available.

Swf ace acoustical wave, or SAW
devices are a spec ialized type of low­
cos t filter which is quite popular in
television and cable sys tems. They
consist of a piezoelectri c disk which
has an acoustical transmitter and an
aco ustica l receiver on it. Unlike your
usual audio devices, these acoustical
waves involve sound waves who se
freq uency typic ally lies in 40- to 400­
MHz range.

Sp ecial fin ger- like contact s are
placed between the transmitt er and
receiver. These finger s cause co n­
st ructive and destru ctive interference
patterns that give the SAW device a
specified response. Typical uses are
for TV ves tigia l sideband filtering, for
various descrambling circuits , and to
set the IF amplifier passband in TV
receivers.

The big advantages of SAW filters
are that they 're chea p, accurate, sta­
ble, and need no tuning.

Sadly, the SAW filters don 't really
hack all that well, even though you
can readily find them for a buck each
surplus. A SAW filter handles one
and only one specified job in a care­
fully specifie d manner at one spec ­
ified frequency and into a specified
load from a specil ic source. They are
not in any way tunable or adjustable.
What you got is what you get. And
your own custom SAW filter involves
a very steep setup charge, compara­
ble to a full custom integ rated circuit.

One leading supplier of SAW filters
is Plessey Signal Technologies, while
bunches of surplus sources are avail­
able.

Let me know if you need any more
details or use circuits for any of these
alternate filter technologies.

This month's resource sidebar is
on active filte rs and shows you many
of the names and numbe rs you wi ll
need to get started.

switc hed capacit or fi lters were noisy
and produced significant distorti on.
Tod ay 's ci rcuits are far better, but
they stil l don 't handle extremely sma ll
input signals very well.

Import ant uses for these switched
capacito r filters are modems, to uch­
to ne detect ion, disk drives, CD play­
ers, indust ria l ins trumentation, and
data acqui sit ion.

Several large suppliers of sw itc hed
capacitor filters now includ e Linear
Technology , M axim, and Exar. A ll
three sources have detail ed da ta
sheets and ap note s available.

A digital signal processor is just a
spec ialized type of micro computer.
To do filtering using digital signal pro­
cessing, you first analog -to -digita l
CA/D) convert your input signal into
strings of numbers in memory. Then
you use dig ital techniques to mod ify
these numbers in memory. Final ly,
you digital-to-analog CD IA) co nve rt
your filtered results .

While that may sound like a real
runaround, thes e days you can digital
signal process in one single and rea­
sonably priced chip. There are many
big advantages to DSP filtering. One
major advantage is that you can easily
create filters that can be extremely
difficult or impossible to handle with
passive or active analog techniques.
Examples include "brickwall" filters
with near-infinite response slopes,
and filters with co ns tant phase or
control led group delay.

Another major advantage is fu ll
programmabi lity. Nothing changes
except some software words if you
want to completely change what your
filter does or how it does it.

Most of the DSP chip s are really
specialized microprocessors . Usu­
ally they have powerful internal firm­
ware commands wh ich let you rapidly
mult iply, shif t , and add. They also usu­
ally provide spec iali ze d functi ons
such as barrel shifti ng and zero time
te sting and branchi ng. Both fix ed
point and floating point processors
are available today.

DSP is obviously limited to lower
frequencies unless you do not need
real time result s. You also have the
usual aliasing prob lems and the AID
quantization noise limitation s to cope
with as well.

Important use areas for DSP in­
clude geophysics , for biological re­
search, in speech synth esi s and
recognition, radar, and electronic mu­
sic . Just about all of the latest per-

Viooo Tape
IsAGreat

Teacher

DLVD
EOS

FRIENDLY
VIDEOS
presents

COMPUTER ~===~
HOW·TO
VIDEOS

The LOW COST, EASY Way
To Learn About Computers

THE MONEY MAKING OPPORTUNITY
OF THE 1990'S

IF you are able to work with common small hand
tools, andarefamiliar with basicelectronics(i.e. able
to use voltmeter, understand DC electronics). . . .
IFyou possess average mechanical ability,andhavea
VCR onwhich to practice andlearn. . . .then wecan
teach YOU VCR maintenance and repai r!
FACT: upto90% ofALL VCR malfunctionsaredue to
simple MECHAN ICAL or ELECTRO-MECHAN ICAL
breakdowns!
FACT: over 77million VCRs inusetoday nationwide!
Averag~ VCR needs service or repai r every 12 to 18
months!
Viejo's400 PAGE TRAINING MANUAL (over 500 pho­
tos and illustrations) and AWARD-WINNING VIDEO
TRAINING TAPE reveals the SECRETS ofVCR mainte­
nance and repair-ureal world" information that is
NOT available elsewhere!
Also includes all the info you'll need regarding the
BUSINESS-SIDE of running asuccessfulservice op-
eration! FREE INFORMATION

CALL TOLL-FREE 1-800-537-0589
Or write to: Viejo Publications Inc.

5329 Fountain Ave.
Los Angeles, CA 90029 Dept. RE

=Friendly Videos III
PO Box 5684

Garden Grove, CA 92645
(714) 898-4055

'HOW TO BUILD YOUR OWN IBM 286/386 CLONE'
$39.95 + SHIPPING AND SALES TAX

'SH AKE HANDS WITH YOUR IBM PCfXT/AT COMPUTER"
$29 .95 + SHIPPING AND SALES TAX

'UPGRADE YOUR PC TO A 286-AT FOR UNDER $150'
$24.95 + SHIPPING AND SALES TAX

'HOW LASER PRINTERS WORK'
$39.95 + SHIPPING AND SALES TAX(/)
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R-E Engineering Admart
Rates: Adsare 2W' x 2%". One insertion $950. Six insertions $925.each Jwelve
insertions $895. each. Closing date same as regular rate card. Send order with
remittance to Engineering Admart, Radio Electronics Magazine, 500-B Bi-County
Blvd., Farmingdale, NY 11735. Direct telephone inquiries to Arline Fishman, area
code-516-293-3000. Only 100%Engineering ads are accepted for thisAdmart.

INCREASE YOUR

EARNING
POWER!

LEARN TO DESIGN WITH
SINGLE CHIP MICROCOMPUTERS l

SINGLE CHIP MICROCOM PUTER PRIM ER FOR
MO TOROLA 6805

tocico es
• Proles$ lona l Quality MS·DOS Software

- Editor
• Assembier
• Simulator j Debugger

• Programmer scremeece
• S'ng le Ch ip Microcompu ter Primer Lesson Book

Price $195

MCPM - 1 Progr ammer l or Molorol a MC68705P3 .P5,U3,U5,R3.R5
Parts kit w!drrver prog ram . . • .. • .• . •.. . • . . . • . .• $150
Fully assembled w/ drlVer prog ram .•.. . .. . . .• .• • • . . $325
Fully assembled w/ df fVer.assemb'er,5 mu'ato'l debugger . . $449

MCPM- 3 Programmer for Motorola MC68HC705CB, 805C4
Parts kit w j dnver pro gram . . . . • . . . . $175
Fully assembled w/drr.ter program •• . .• . . . . .. . . . . .• $360
Fully assemb led wj dnver,assembler ,Slmulalor / debu gger .. $495

Emulalors Programmers Assemblers Slmul.tors/Oebuggers
Rt. #3, Box ac TEL : (802) 525-3458
Bart on , VT, USA 05822 FAX: (802) 525- 3451
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battery and has a four-digit LCD to
display temperature in Fahrenheit or
Centi grade over a - 40- to 122-de­
gree F range.

Incredibly, the re is both a reco rding
max-min feature and a settable alarm
and controller capability. Both on-off
levels and a 2-kHz piezo to ne are pro­
vided as outputs.

You have a choice of a one-se cond
or a fifteen -second update for your
display. Total operating current is in
the microamp range.

The out-of-the-box accuracy is only
a degree or so Fahrenheit, but the
circuit seem s stable enough that you
might cus to m ca lib rate it fo r such
things as a hot-tub controller or for
cave- stream temperature logging.
Unit-to-unit variat ions are also within
a degree. The resolution is a tenth of
a degree and see ms real. Although
not wa terproof, that is easily fixed
with a tube of silicon bathtub caulk.

As received, the device displays
Centigrade at fifteen seconds per up­
date . To select Fahrenheit with a one­
second update, just jumper pins 13,
14, and 16 on the edge connecto r.

We' ll probably look at this gem in
more detai l in a future column. For
now, let's make a con test out of it.
We 'll have all the usual Incredible Se­
cre t M oney Machine book prizes,
along w ith an all-expen se-paid (FOB
Thatcher, AZJ tinaja quest for two go­
ing to the very best of all.

Either (A) show me a new and un-

FCC LICENSE
PREPARATION

The FCC has revised and updated the
commercial license exam. The NEW
EXAM covers updated marine and
aviation rules and regulations,
transistor and digital circu itry .
THE GENERAL RADIOTELEPHONE
OPERATOR LICENSE - STUDY GUIDE
contains vital information. VIDEO
SEMINAR KITS ARE NOW AVAILABLE.

WPT PUBLICATION
979 Young Street, Suite E
Woodburn, Oregon 97071

Phone (503) 981-5159 Dept. 50
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usual applicat ion for a miniature and
micropowered ma x -min th er­
mometer, or (8) show me some sim­
ple and clean way to get the digital
data out of the 277-123 therm ometer
into a remote computer. Send your
written entries directly to me, and not
to the Radio-Electronics editori al
off ices.

New tech literature
New data books this month include

the Microcontroller Handbook from
Siemens, a new Optoelectronics
Data Book from Sharp , an Op-Amp
Macromodel Data Manual and Disk
from Texas Instrumen ts , and that
Semiconductor Data Book and Ap
Notes from Unitrode.

From Internation al Rectifier, a
Microelectronic Relay Design Man­
ual, and an IGBT product catalog.

There's a stupendously impressive
Selection Guide to Integrated Cir­
cuits from Telefunken that is chock
full of unusual TV and auto chips .

Inks which let you plot patterns di­
rect ly ont o all your print ed circ uit
board s are available through Loch
Ness. They also have some low-end
multi layer prototyping systems you
may find of inte rest.

Testing surface-mount devices and
other wei rd or tiny packages can be a
real hacker challenge . So, Emulation
Technology has all sorts of adaptors
and accessories that ease interfac­
ing. As k for their current cata log.
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An Overview of SCSI Concepts is
a great new manual availab le free
from Peer Protocols. Three off-the­
wall odd magazines are Extraordinary
Science, Surplus News ,and Science
Frontiers .

Free software demo s this month
include the 48SX calculator disk from
Hewlett-Packard, and the 945 heater
cont roller demo from Watlow.

A free mechanical sample of GUR
is available from Hoechst. This is a
new plastic whic h is tough, cheap,
self-healing and slippery.

Turning to my own products, forthe
fundamentals of digital integrated cir­
cuits , check into either my TTLCook­
book or CMOS Cookbook. And for
tho se of yo u interested in the
PostScript language or in Book-on­
Demand pub lish ing , ou r on going
roundta ble is doing fine on Genie. By
the time you read this, over 1000 free
down loads should be available.

Finally, I do have a new and free
mailer for you which includes dozens
of insider hardware hacking secret
sources . Wr ite or call for info.

Our usual reminder here that mos t
of the items mentioned appear either
in the Names and Numbers or in the
Active Filter Resources sidebars.

As always, th is is your column and 0

you can get technical help and off- ~
the-wa ll networking per that Need rn
Help? box. The best calling t imes are ~
wee kdays 8- 5, Mountain Standard (0

Time. Let's hear from you. R-E ~
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t igato rs, ce rtainly a daunting tas k to
evaluate and synopsize !

• A lthough the distorti on in today's
best analog audio equipment is bare­
ly measurable and (to mos t listeners)

2345 678
HARMONIC

FIG. 1-THREE TEST-TONE LEVELS
showing the amounts of just-audible dis­
tortions up to the 8th harmonic .

complete ly inaudible, digital has intro­
duced several potentially ear-disturb­
ing phenomena. For example, the
digital samp ling process introduces a
new and different type of distort ion
known as " aliasing." Spurious har­
monics are produced in the audio
band in the range above half the sam­
pling -rate frequ ency. For example,
with a 44 -kHz sampling clock, the
third-harmonic of a 10-kHz tone will
appear at 14 kHz (44 kHz minus 30
kl-lz), Such problems can occur even
in units with wel l-desig ned anti-alias
filte rs , if nonlinearity is present after
th e filtering . Tod ay, th e problem
seems well taken care of, but it illus­
trates the fact that new circuitry can
produce new distorti ons.

Dynamic range results
Dynamic range does not appear to

be an important factor in distortio n,
other than in the obviou s situation
where the signal level exceeds the
capabilities of a component. Cl ipping
and other overload effe ct s are the
prices paid for pushing a compone nt
too hard. However, the ot her side of
t he dyn am ic-range co in-noise
level-also has a great deal to do with
the audi bility of distortion effe cts .
Here, we are looking at very low-level
distorti ons and the masking effects
on them of elect ronic and environ­
menta l noise . Specifically, if the noise
is high enough in level and occu rs in
the same frequency areas as the dis­
torti on , the distorti on will be masked.

Audibility of distortion
A s I not ed ear lier, the minimum

level of distortion tha t can be de­
tected by the human ear has been the
subject of much ill-info rmed con tro ­
versy over the years. The graph in Fig.
1 illustrates the results of a research
projec t on the percepti on of HD using
a 357-Hz test tone.At a listening level
of 70 dB, fourth-harmo nic distortion
as low as 0.05%C!) was audible. It was
noted that the basic sensitivi ty of the
human ear was the limiting factor in
det ecti ng distortio n. That shou ld
come as no surprise , since disto rt ion

. of pure tones or simple music such as

~ - - - 52.5dS FUNDAMENTAL
\ 60dSFUNDAMENTAL
\ --70dS FUNDAMENTAL

\
\.. \..- .... - ............

-° 0 .-..- "-

.... ... .............. ..:.~~

• Crossover disto rt ion (CD) , which
became an important factor during
the early days of transisto r amp lifiers,
results from a push-pu ll amp lifier 's
nonlinearity in the area where the sig­
nal passes through zero on its way to
the set of output devicets). A "w itch's
brew " of high-order HD and 1M prod­
ucts are produced whose relative am­
plitudes increase as the signal level
decreases . This means t hat , like
noise , CD is more audib le at low sig­
nal levels.

• Different nonlinear condit ions that
measure the same with a given test
setup may aff lict the ear quite dif­
ferent ly depend ing upon the leve ls
and frequencies of the test program.

• The audibility of distortion clearly
does not depend on its relative per­
centages alone . Other significa nt fac­
tors are: (1) the characteristics of the
equipme nt's nonlinearity ; (2) the in­
stantaneous level of the reproduced
sound; (3) the type and complexity of
the audio test signal; (4) the spatial
qualities in the reproduced sound
field; (5) the characterist ics of the
listening environment; (6) the distor­
tion levels in the associated equip­
men t and in th e prog ram material
itsel f; and (7) the listen er 's ability to
marshal his talents, if any, as a "gold­
en ear."

C 0.6

~ 0.5

~ 0.4o
t; 0.3
is
U.J 0.2
...J

~ 0.1
~ 0.05L---,-_-.--~=~~==~~

Last month I started my repo rt
on a special Audio Engineering
Society Conference held early

last may in Wash ington, D. C . The
four-day conference was a wide-rang­
ing exploration of the latest findings
on the perception, measurement.
and reproduction of sound. I regret
that because of space and time lim­
itati ons , these two report s are at best
a once-over-light ly review of an ex­
t rem ely en lighte ning series of lec­
tures and discussions.

The aud ibi lity of disto rt ion has
been a controversial matt er, probably
from the moment the very first ampli­
fier was designed. In the beginn ing,
there was simple harmonic distorti on
(HD) that had an important virtue: It
was easy to measure. However, the
correla t ion between hig h HD and
sonic unpleasantness was far from
perfe ct-whi ch lead researc hers to
discover /invent other types of disto r­
tions and new ways to measure them .

. Du ring he 1950 's , intermodu lat ion
disto rt ion (1M) , whi ch is the unwanted
arithmetic sum and difference prod­
ucts of two interacting frequencies,
achieved instant fame as being more
audibly obnoxious than HD . That was
said to be true because, unlike HD,
its spurious products are not harmon­
ically related to the desired signals.

In any case , as I've said in these
pages and Richard Cabot stated in
hi s co nference paper, "A ud ible
Effects vs . Electrical Measurement s
in the Electri cal Signal Path, " HD and
1M are not different kinds of distorti on
as much as they are different effects
of the same non linearities in the
equ ipment being tested . And be­
cause with most amplifiers there is a
predictable relationship between 1M
and HD levels, eit her measuremen t
can be used to somewhat predict au­
dible performance .

(J)
oz Distortion data
~ As I did for the authors in Part 1, I'llo extract and paraphrase (when neces­
~ sary) some of M r. Cabot's more inter­
6 es ti ng po ints . In his bib liograp hy,
i5 Cabot cites the previous relevant re­
f? searc hes of more than 50C!) inves-
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a solo flute is not heard as a wave­
form abe rrat ion-which is wh at it .
looks like on a scope- but rather as a
dist inct and separa te tone or noise.

That's w hy the addition of high ­
order harmonic distortion to single
mid-range frequ encies is so readily
audible. But in real life , with complex
classical or rock music, distortion has
to reach 6% or so before even the
most golden of ears become upset.
There 's no myste ry to all this-it's our
old friend maskin g at wo rk. If there
happen to be loud musical frequen­
cies present in the same areas where
the spurious harmonic and 1M fre­
quencies occur, the distorti ons sim­
ply won't be heard . All this reaffirms
the difficult y in genera lizing abo ut
what we can and can't hear, and un­
der wha t co nditions .

I can't res ist adding a personal dis­
torti on-oriented note to this report .
M ore th an 10 y ea rs ago , the
Nakamichi Corporat ion held a press
party to ce lebrate the ope ning of their
East Coast offices . Part of the new
facility was a small demonstration re­
cording studio complete ly outf itted

with Nakamichi tape decks, micro­
phones, monitors , amplifiers , and so
fort h. As I came in through the con­
trol-room door, Etsuro Nakamichi
greeted me and pointed out that a live
st ring quartet. spec ially hired for the

The AES is an international organ i­
zation whose membership includes
more than 10.000 persons involved
on a professional, semi -professional ,
and amateur level in all aspects of
audio. For further informa tion on The
Sound of Audio Conference, on how
to become a member of the AES,
and/or a catalog of available publica­
tions and technical papers. write to :
Audio Engineering Society. 60 East
4 2 n d S t re e t . New York , NY
10165-007 5.

occ asion, was about to perform in the
small studio area.

To my ears , the sound of the live
musicians as reproduced in the con­
trol room has a harsh , disto rted quali­
ty. I wondered what to say to Mr.
Nakamich i, who was obviously proud

of his new installation. I dec ided that
honesty was the bes t po licy, and
opined that the sound we were hear­
ing was " a litt le shril l." To my sur­
prise, Etsuro agreed wit h a grin, and
ushered me through the sound-proof­
ed doo r into th e s t udio . I was
shocked to discover that the live mu­
sicians in the studio sounded exact ly
as distorted as the ir reprod uction in
the contro l room-which was a real
tribute to the fidelity of the Nakamichi
equipment. Etsuro explained that the
acoust ic design of the studio st ill
nee ded some wo rk-increased
damping mostly-to con trol an over­
emphasis of t he high s , bu t they
hadn't had t ime to complete the work
before the scheduled open ing.

Two distortion-related morals can
be drawn from that story: A boost in
the upper half of the audio spectrum
(due to roo m reflecti vi ty or other
causes) w here the higher musical
harmonics ca n eas ily be misin ­
terpreted by the ear as gross HD or
1M. And even unarnplif ied live music
can sound distort ed under (im)proper
conditions. R-E
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Attention All Oscilloscope Users
Try API Probes FREE for 30 days.

~
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* Complete range of monolithic
& modular probes from .
60MHz - 300 MHz. Available
with read -out feature.* Compa tible w ith all
oscilloscopes.* Complete accessory pack (as
shown).* Tek and HP users: try us and
compare our high quality low
cost probes!* Made in the U.S.A.

Call for Free catalog
1-800-87-PROBE

Buy American

We are so sure that our probes
will meet or exceed your
perform ance requirements that
we w ill send qualified buyers a
sample for a 30 day
evaluation . After 30 days, Avex Probes Inc.
either keep the probe and we 1683 Winchester Road· P. O. Box 1026

'11bill . I' Bensalem, PA 19020
WI I ,You, or simp y return It Phone 215.638. 3300 • Fax 215-638-9108
to us. It s that easy. For More Information Circle 28

Ask about quantity discounts

Model Shown: 510-SW-1
100 MHZ, Switchable Xl-Xl0 $36

ISCET

VCR
Cross Reference

VCR Model Number Cross Reference
and VCR Parts Cross Reference

UPDATED - Feb. 1990. 272­
page ref erence guide. $35
plus $3 shipping.

DISC - IBM-compatible disc
with expandable data base.
$99 plus $1 shipping.

COMBO OFFER: Book and disc
for only $125 plus $3 ship ­
ping.

MORE INFO? Contact ISCET.
2708 West Berry St.

Fort Wo rth TX 76109
(817) 921-9101

______ _ _ Exp.

Name _

AliOw-4~ :e';l~d:li::,y-whe~ ~i:gpe~ooaTCheCk:-o~vffiA
and Maste rCard . Mo ney orders and cashiers checks
processed immediately.

Busin ess _

Address _

City 5I ale _ Z,p _

Phone Member; C ISe ET; C NESOA
Texas residents mu ltiply do llar value x 7'/.'/. for taxes.
Foreig n shipments please add In ternati onal postage.

Send to : lSCET, 2708 W. Berry St. , Ft. Worth TX 76109
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JEFF HOLTZMAN

COMPUTER CONNECTIONS
Create MIDI-compatible stereo musical scores with
Audio FIX, and get full control over your monitor's
display with UltraVision.

FIG.1-THE MUSIC SCORING MODULE, called Sonata, uses the GEM graphical interface.
A series of drop-down menus allow you to load and save files, choose notes and rests,
key signatures, instrument parameters, etc.
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Forte, a small com pany in up­
sta te New York, has co mbined
a Z80 running a hom e-b rew

multi tasking ope rating system, a pair
of 6582 SID 's (sound interface de­
vices, used in several Comm odore
computers) , and a high-speed ana­
log-to-digital converter. The result is a
full-length card that fit s in any 8- or
16-bit IBM-compatible expan sio n
slot, and that gives you an extremely
powerful enviro nment fo r crea t ing
MIDI -com patible ste reo musi cal
sco res , and for digit izing and editing
any sound wi th a maximum frequency
of about 40 kHz. The $350 package
is called Aud io FIX.

The card prov ides a line-level mono
input for dig itizing extern al sounds ,
and line-level stereo outputs suitable
for driv ing a quality stereo sys tem .
When playing back digit ized sound,
the out put is mono ; when playing
back scored music. each channel is
driven independently by one of the
SID 's.

The hardware is controlled by sev­
eral different graph ically o rie nted
software modules. The music scoring
module is called Sonata; it uses the
GEM graphi cal interface (also used
by Ventura Publisher), as shown in
Fig. 1. A series of drop-down menus
allow yo u to load and save files,
choose not es and rest s , key sig­
natures , instrument parameters, etc.
A control panel at the bottom of the
screen allows you to set volume. bal­
ance, tempo, instru ment, and to init i­
ate playback (eit her from the current
posi t ion or from the beginning),

The opt ions menu brings up a di­
alog box that allows you great free­
dom in creating instruments. You can
choose a basic wavefor m (sawtooth,

i3 square, tria ngle , or white noise) , and
z then vary its attack time , sustain level
~ and time, delay tim e, and release
o time , all independently of one an­
~ other. Advanced featu res allow you to
6 modulate an inst rument , filt er it in
o various ways (lowpass, band pass,
C2 hlqhpass), and add resonance. The
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software makes it easy to create just
the right sound, because you can play
a sample note or scale from within the
dialog box, as well as hear the effect,
modify settings , play another sample,
and so on.

Scoring music is fairly efficient,
due to the presen ce of a number of
keyboard shortcuts. There are keys
to select notes and rests (whole, half,
quarter, etc) , load and save files, in­
teract with a MIDI device , add sharps
and flats, change keys, and more . A
" floating" toolbox (as in PageMaker)
would allow convenient mouse-only
ope ration. You can add repeats, fer­
matas , and dotted notes . Other
effects includes slurs , crescendos,
and decrescendos .

Sonata provides an option to print
your score, but only a few common
dot-matrix printers are support ed, so
graphics print ing is slow: laser-pr inter
support would be anothe r welcome
addit ion.

The editor provides an overal l

range of eight octaves, four of which
display at any time. Scroll bars along
the side of the screen allow you to
switc h octaves ; horizontal scroll bars
move you through the sco re.

Editing functions allow you to de­
fine a block of note s and then copy it,
delete it , and shift it up or down . A
function to shift a block up or down an
entire oct ave at o nc e would be
useful.

MIDI functions allow you to record
from a Roland or co mpat ible key­
board, to " quant ize" notes to ensure
perfect timing, and play back sco red
music through the MIDI device. A l­
though the built-in playback hardware
offe rs six voices-three for the lef t
channel and three for the right-eight
voic es can be recorded fro m and
played back through a MIDI device .

You can't score some notes and
subseq uen tly create an inst rument
and apply it to those note s; however
you can modify the instrument asso­
ciated with a voice at any time.



R-E Computer Admart
Rates: Ads are 2W' x 2lfa" . One insertion $950.Six insertions $925.each.Twelve
insertions $895. each. Closing date same as regular rate card . Send order with
remittance to Computer Admart , Radio Electronics Magazine, 500-B Bi-County
Blvd" Farmingdale, NY11 735. Direct telephone inquiries to ArlineFishman, area
code-516-293-3000. Only 100%Computer adsare accepted for this Admart. '

BP181-lt is probable that80% of dot-ma­
trix printer users only ever use 20% of the
features offered bytheirprinters . This book
willhelp you unlock the special features and
capabil ities that you probably don 't even
know exist. To order yourcopy send $6.95
plus$1 .50for shipping in the U.S. to Elec­
tronic Technology Today Inc., P.O. Box
240, Massapequa Park, NY 11762-0240.

Ie PROMPT DELIVERY!!!
SAME DAY SHIPPING (USUALLY)S QUANTITY ONE PRICES SHOWN lor JULY 211. ts so

PT68K4
68000-16MHZ

Upgraded version of PT68K2
featured in OCT 87 RE.

. 4 MB of onboard DRAM
• 4 RS232 + 2 Parallel Ports
• Floppy Disk Controller
• 7 XT Expansion Slots
12 MHZ Kits from $220
Assembled Boards from $599
Professional OS9/68000 $299

Peripheral Technology
1480 Terrell Mill Rd. Suite 870

Marietta , GA 30067
404/984-0742

Ge tting The
M ost From Your
Printer

GETTING
THE MOST
FROM YOUR
PRINTER

CIRCLE 180 ON FREE INFORMATION CARD CIRCLE 61 ON FREE INFORMATION CARD

~

FIG. 2-THE SOUND EDITOR runs in a graphical mode, but all commands must be ~

executed from the keyboard. Basic functions allow you to record and edit sound. 0

Sound editor
The othe r main so ftware co mpo­

nent of Audio FIX is th e so und editor.
It, too, runs in a graphical mode, as
shown in Fig. 2 , but all commands
must be executed from th e keyboard ,
w hich is less co nvenie nt than the
GEM env ironment of Sonata.

Bas ic functions allow you to record
and ed it so und . To record, you press
Al t -F3 , and .spec ify the number of
sa mp les t o record; th e rang e is
1-65,000. Sampling rate is spec ified
elsewhere , before you ente r the rec­
o rd functi o n. Na t ura lly, t he more
often yo u samp le, the higher the
fidelity of th e so und that is recorded,
but th e mo re disk space is used. A
demo file contai ning a fairly hi-fi rendi­
tion of a popular so ng requires almos t
one megabyt e of space fo r abo ut 50
seconds of mus ic . An 8-bi t AID co n­
verter is used, so each sample com­
prises of one byte with a decimal
value of 0-255 .

After you spec ify the sample rate ,
the program displays a simulate d VU
meter that allows yo u to set the level
of your source, after w hich you press
any key to beg in. The prog ram then
digitizes sound at the specified sam­
ple rate . After all samples have been
co llected (o r you press the space bar
to halt prema tu rely) , the wave fo rm is
displayed, and yo u can play it back
(Shift-F3), edit it, and save it to disk.

The program supplies two cursors,
L and R, that ge nerally de fine an edit­
ing area. Separate pairs of funct ion
keys move the two curso rs ; anoth er
key allows you to zoom the area be­
tween them; yet others allow yo u to
mark that area (for subs equent copy­
ing), or to delete , reverse, amp lify, or
attenuate it.

You can sp lit th e sc reen. and copy

a marked block from one window to
anot her. The spli t -screen mod e is
useful fo r creat ing special effects.
particularly reverb and echo. It's also
useful for assembling a waveform
from bit s and pieces of other wave­
forms . To create a rever b effec t, yo u
mark a block, move the left cursor
slightly to the right of its init ial pos i­
tio n. and then exec ute the mix co m-

o
o
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m
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Call for a Catalog (800) 221-0916

ITEMS DISCUSSED

• UltraVision 2.0 ($119.95), Person­
ics, 63 Great Road, Maynard, MA
01754. (508) 897-1575.
CIRCLE 11 ON FREE INFORMATION CARD

DOS itself won't recognize the en­
hanced modes , but many applica ­
tions will. Qedit , for example, picks
up screen dimensions auto matically.
WordStar can be patched easily. The
company also provide s drivers and
usage hints for many other program s,
including 1-2-3, AutoCAD, Crosstalk,
dBASE, Magellan, Word, WordPer­
feet , and many others . I found that a
36 x 80 mode in Word running on a
19-inch NEC MultiSync XL was quite
legible. A standard VGA system can
run with a maximum of 94 x 63 .

Th e softwa re driver oc cupi es
about 20K of memory, and in addition
to th e fun ctional enhance ments it
provides, it also operates faster than
the bui lt-in BIOS, bec ause it runs
from RAM , rather than relatively slow
ROM . In addit ion, the driver runs just
fine from " high" memory on either a
386 or EMS 4 .0 sys te m (both of
which I tested).

UltraVision provides similar enhan­
cements for EGA systems , includ ing
a hardware acce lerato r that provides
VGA reso lu t ion fo r so me EGA
bo ard s w i t h mult i- s yn chron ou s
monit ors.

A separate progra m allows you to
change sc reen co lo rs ; laptop and
monochrome VGA users could use
th at capab ility t o re map illegi ble
sc ree n-co lo r co mbinations . Several
other util ities are prov ided, including
an enhanced version of ANSI.SYS.

If you' re tired of the feeling that
there is capability in your video sys­
tem that is being wasted. UltraVision
2.0 can help. R-E

two to five times.
Ultravisio ri's enh anc em ents de­

pend on the specific capabilit ies of
your video adapter; I tes ted the pro­
gram with a Video 7 V RAM board.
With UltraVision installed, I could run
text modes with just about any com­
bination of 80 , 94 , 108, 120, or 132
columns, and 25, 36 , 50 , or 63 rows.
(A maximum of 60 rows are available
at 132 co lumnsJ

• Audio F/X ($350). Forte, 72 Ka­
renlee Drive, Rochester, NY 14618.
(716) 427-8595,
CIRCLE 10 ON FREE INFORMATION CARD

mand. Creating an echo is similar;
you just move the curso r a littl e fur­
ther to the right before mixing. Some
experimentation is necessary to de­
termin e the amount of curso r motion
required to achieve a part icular effect.

Each sou nd file norm ally consists
of a maximum of 65 ,500 byt es. How­
ever, the program supplies a direct­
to -disk mode , in which larger files can
be create d and played back . Wh en
ed it ing a large f ile , you can sc ro ll
through it in 32K chunks.

A set of filters Gowpass. bandpass,
hiqhpass) is available for the sound
edito r. In addition, drivers for Show
Partner and GRASP are included;
those programs allow you to create
interacti ve, anima te d computer­
based tuto rials and training . The Au­
dio F/ X drivers allow you to sy n­
chroni ze sound w ith the on-sc reen
present at ion . Other companies have
written drivers for othe r "mu ltimedia"
programs, includ ing Autodes k's wo n­
derful A nimato r; contact Forte for
more inform ation.

Impressions
The first t ime I installed the board

and played a demo Son ata piece, I
was entranced. Sure, other comput­
ers (M acs, At aris) have sound ca­
pabi liti e s-but I' m mo st ly a PC
chauv inis t . So hearing fu ll-b odi ed
sound emanate from a board con­
tro lled by my PC was thrilling . In
short , I haven't had as much fun play­
ing with a PC product in a long time.

UltraVis ion 2.0
Most VGA cards (and EGA cards

as we ll) provide numerous hardware­
enhanced modes, but DOS suppo rts
only the least-common denom inator.
As a co nse quence , that ext ra ca­
pability ofte n goe s unused . A pro­
gram ca lled UltraVi sion provid es a
way of tapping those capab ilit ies. In
parti cular, it gives you full control over
screen co lors, the ability to change
the display font, and the ability to use
text-mode programs with more rows
and co lumns than usual. The program
also provides its own enhanced video
BIOS , which spee ds up video output

Options and upgrades
A programmer 's kit is available; it

allows you to get direct ly at the hard­
ware. In addit ion, the company sells
an amplif ier/ filte r box that allows you
to drive the Aud io F/ X board w ith an
inexpen sive microphone.

~ALPHA~
242-RE West Avenue. Darien, CT 06820
Call (203) 656-1806 or Fax 203 656 0756
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A Sampling of our Products
Relay Card : 8 individually controlled relays.
3A at 120VAC, SPST. RE-140: $142
High-Speed 12-blt AID converter: 8 10J./s
analog inputs. 0-5V. amp. FA-154: $179
8 Bit AID: 8 inputs. 0-5.1V in 20mV steps.
7500 conversions/second. AD- 142: $142
12 Bit AID: ±4V. On-board amp. 7 read­
ings/sec .1 input. expandableAN- 146: $153
Temperature 5ensor:O-200° TS-111: $12
Digital Input: 8 opto-isolated. Read voltage
presence or switch closures. IN-141: $65
Latched Input: Each of 8 inputs is latched
to catch switch closures L1-157: $85
Digital Output Driver: 8 outputs: 250mA at
12V. For relays. solenoids... ST-1 43: $78
Smart Quad Stepper Controller: On board
processor controls 4 motors simultaneously,
Simple English commands to set position.
speed. units. read limits, etc. SC-149: $299
D/A: 4 Channel. 8 Bit Output DA-147: $149
24 line TTL I/O: Connect TTL 0/5V levels or
switches. (8255A) DG-148: $72
32 Channel Multiplexer: Switches up to 32
channels to a single common. MX-155: $83
Touch Tone Decoder: PH-1 45: $87
Counter Timer: 3 16-bit counters. Count
pulses, measure frequency CT-150: $132
A·Bus Prototyplng card: PR-152: $16
Odin Software: For PC's Control relay s
from inputs ortime schedul esOS- 189: $129
Motherboard: For 5 cards. MB-120: $108
A·Bus Adapters :

IBM Xl/AT & compatibles . AR-133: $69
MlcroChannel Adapter: AR-170: $93
Parallel Adapters also available for Apple
II. Commodore 64.128. TRS-SO
Serial Adapter:RS-232 SA-1 29: $149
Serial Processor: Built in BASIC for off­
line monitoring, logg ing. SP-127: $189
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What Is the A·Bus?
ABus is a system for connecting devices to
your computer. Whatever yo ur computer.
use A·Bus for:
Sensing. Detecting or reading a switch
closure or voltage presence.
Measuring. Determining a force . frequency.
tempe rature. weight. or any other quantity.
Control. Open or close a circuit . Switch any
type of electrical device. Adjust level or
position .

Why should you choose A·Bus?
It's affordable. From a $65 Digital Input
Card to a $299 Motor Controller. you get
much more than your money's worth .
It 's simple . Easy to connect to you r
computer and to your application. Designed
to adapt to your software easily.
It's versatile. You mix and match low cost
boards to fit your project.
It 's proven. Thousands of applications
installed around the world.

(f)
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~ New! C·Net: Connect thousands of RS-232
t3 serial devices to one computer port . Print­
I:J ers, modems, data acquisition devices, etc ,
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6 month warranty! We ship C .O .D .!

Lowest retail/wholesale prices!

FREE catalogue: Comput ers. Electronic parts and
kits. Filters , amplifiers, pow er supplies. Radio
Shack dealer. MCDOWELL ELECTRONICS, Box
1206, Brewton , AL 36427 . (205) 867-8805.

CABLE TV DESCRAMBLERSI
BARGAIN HEADQUARTERS!

-JERROLD'" -TOCOM -HAMLIN

-OAK -ZENITH

-SCIENTIFIC ATLANTA

INCREASE your radar detector's range up to 50%.
Lens and instruction s $15.00. Send moneyorder to
GREG MEADE, 11169 Riverview, Grand Blanc, MI
48439 .

COMMUNICATIONS/Electronic equipment
sales, service, FCC licensed, Catalog $1.00,
RAYS, PO Box 14862, Fort Worth, TX 76117-0862.

CONVERTERS all major brands. Info & orders 1
(800) 782-0552 . FREWAY, INC., SMP PO# 5036,
Burnsville , MN 55337. No MN sales.

CABLE-TV Scientifi c Atlanta 8580. Save $200.00
add-on descrambler for receiving Pay Per View for
subscribers without telephone or unlisted number.
Authorization from your cable company is required
to use this device. Oty/price each 1/$100, 5/$85,
10/$75. 6pm to iopm weekdays (301) 791·5019. No
Maryland orders accepted.

BOOKS! Catalog of most exciting electronic and
scienc e books, free!, Box 596-1, Logan, Utah
84321. 1 (800) 359-0466.

FREE CATALOG :

Global Cable Network

1032 Irving St. Suite 109

S .F. , CA 94122

NO CALIFORNIA SALES!!!

ORDER TODAY! 800-327-8544

TV troubleshooting solutions 450 solutions by
area and co mponent. Symptom remedy ma ke
model Sams ref. Save time, you'll love it. Send
$24.50 to BOX 222, Chanhassen, MN 55317.

S-A test chips . Enables full tiering. 8550 : $22.00
each/10 $180.00. 8500: $20.00 each/10 $160.00.
Money order or COD. R.V., Box 771, Ridgefield, CT
06877.

QUALITY electronic parts at bargain prices. Free
catalog with SASE . EAGLE TRADING , Box 341,
Bigfork, MT 59911. Phone (406) 837-5409 .

PRINTED circuit boards made to order - layout
engineering , assembly available, high quality fully
fabricated boards - short or long run. Call or write for
products and pricing. SHORE PROTO CIRCUIT, 36
Fairview Avenue, Little Silver, NJ 07739. 1 (800)
752-1574.

TOUCH Tone Decoder displays dialed numbers
from telephones, s canners , tapes. Connects easily
to phone line, radio, recorder. Information for SASE.
W.E.B., PO Box 2771·R, Spring Valley, CA 92077.

BELOW wholesale: Capaci tors, ICs, trans istor s.
Special: new 27128A $3.00, flyer SASE SANTECH
ELECTRONICS, 11 Revere Place, Tappan, NY
10983. (914) 359-1130.

WIRELESS CABLE • IFTS • MMDS • Amateur TV
Ultno High Gain 50db(+) • Tuneable 1.9 to 2.7Ghz.

• 36-Channel System Complete S149.95
• 12-Channel System Complete Sl14.95
• Call Of write (SASE)for"FREE" Catalog

PHILLlPS·TECH ELECTRONICS
P.O. BOI 8533• Scottsdale, AZ 85252
(602) 947·7700 1S3.DD Crodlt all phone orders)
MasterCard. VIII. COD's. Quantity Pricing

TOCOM VIP converters w/remote from $199.00
Tocom super chips turn on everything , $69.00 each.
Phone (219) 935·4128.

PROTOQUICK Z8, single board computer with pro­
totype area, $69.00. SOFTWARE SCIENCE , 3750
Roundbottom Road, Cincinnati, OH 45244 . (513)
561-2060.

CABLE boxes, Zenith $225.00, Tocom $125.00,
Hamlin $125.00 combo, Jerrold combo $125.00,
Oak RTC-56 combo $150.00, M-35-B $45.00,
S.A.C., orders 1 (800) 622-3799 , info (702)
647-3799 .

TUBES Sylvania 6L06, 6L6GC , 20LF6 etc. Huge
discounts. ARLEN SUPPLY, 7409 West Chester
Pike, Upper Darby, PA 19082. 1 (800) 458-1301.

PHOTOFACT folders under # 1400 $4.00. Others
$6.00. Postpaid . LOEB, 414 Chestnut Lane, East
Meadow, NY 11554.

OAK Sigma descrambier, channel 3 output, rare
hard-to -find factory equipment, with free documen­
tation, $150.00. Oak Sigma modif ication documen­
tation $20.00 postpaid . Oak VN12-4 (or Hamlin)
descramblers with free remote control converter,
$85 .00. Eagle remote con trol converter de ­
scrambler combos, $100.00. Send moneyorder,
ship pos tpa id within 3 days. SURPLUS ELEC­
TRONICS, POB 10009, Colorado Springs, CO
80932.

LOTTERY - IBM computer disk for all lotte ries
$10.00. ROBERTS, Box 63/6025, Margate, FL
33063.

TEST equipment pre-owned now at affo rdable
pri ce s . Signal generators from $50 .00 . Os ­
cilloscopes from $50.00. Other equipment, includ­
ing manuals available. Send $1.00 for catalog ,
refund on tst order. J.B. ELECTRONICS, 3446 De­
mpster, Skokie, IL 60076 . (708) 982-1973.

LASERS. 1mw to 2kw, worlds largest selection of
new & used surplus. Free catalog. MWK INDUS·
TRIES, 1269 Pomona Road, Corona , CA 91720.
(714) 278-0563.

MINIATURE electronics like James Bond. Catalog
$4.00, refundable. F & P ENTERPRISES, Box
51272, Palo Alto, CA 94303-L.

DESCRAMBLERS, all brands in stOCk, need
help selecting the right unit? COD orders
ok. S.A.C., (702) 647·3799.

CABLE-TV Scientific Atlanta 8580 Oty/price each
1/289,5/249 ,10/239 , 6PM to 10PM EDT weekdays,
(301) 791-5019. No Maryland orders accepted.

SURPLUS electronics, moto rs, speakers, power
supplies, adapters, etc ... send for free catalog.
WINDSOR DISTRIBUTORS, 19 Freeman Street,
Newark, NJ 07105.

PRINTED circuit boards etched & drilled. Free deliv­
ery. K & F ELECTRONICS, INC., 33041 Groesbeck,
Fraser, M148026. (313) 294 -8720.

We spec ialize in a wide variety of tech nical
information, parts and services for CB radios.
10-Meter and FM conversion kits, repair books,
plans, high-performance accessories. Thousands
of satisfied customers since 1976! Catalog $2.

RENTAL movie stab ilizer. Connect between VCRs
or to mon itor. Satisfact ion guaranteed . $69 .95,
$4.00 handling . 1 (800) 367-7909.

FREE catalog. Interfaces for IBM compatibles. Dig­
ital I/O and analog input. Control relays, motors,
lights, measure temperature, voltage. JOHN BELL
ENGINEERING, INC. , 400 Oxford Way, Belmont,
CA 94002. (415) 592-8411.

CBC INTERNATIONAL
P.O . BOX 31500RE, PHOENIX, AZ 85046

RESTRICTED technical information: Electronic sur­
veilla nce , sche matics, locksm ith ing, covert sc i­
ences , ha ck ing , etc . Huge se lection. Free
brochures. MENTOR·Z, Drawer 1549 , Asb ury
Park, NJ 07712.

CABLE descramble rs (Jerrold) from $40.00. Tocom
VIP test chip. Fully activates unit. Also Zenith test
board. Fully activates Z-Tacs. $50.00. Call (213)
867-0081.

CABLE TV converters : Jerrold, Oak, Scientific At­
lantic, Zenith & many others. " New MTS" stereo
add-on : mute & volume . Ideal for 400 and 450
owners! 1 (800) 826-7623, Amex, Visa, M/C accept­
ed. B & B INC., 4030 Beau-D-R ue Drive, Eagan,
MN 55122.

TUBES, new, up to 90% off, SASE, KIRBY, 298
West Carmel Drive, Carmel , IN 46032 .

PROGRAM MABLE stepper motor drive & control
for under $100, IBM PC/XT compatible, Com­
modore 64, or other with 25 pin parallel port. PCB,
interface, & software. Send for detailed literature to:
MASE, R.D. # 2 Box 166, Mohrsville, PA 19541.

CABLE TV converters and descramblers.
We sell only the best. Low prices. SB-3
$79.00. We ship C.O.D. Free catalog. ACE
PRODUCTS, PO 80x582, Dept. E, Saco, ME
04072.1 (800) 234-0726.

DESCRAMBLERS, all brands, wholesale prices,
full wa rra nty, CO D ok, example Oak RTC-56
$150 .00 , br and new To com $125.00 . (503)
253-0459.

FOR SAL E
GREAT buys! Surplu s prices, ICs, Iinears, transfor­
mer s , PS, stepping mo tors, vac uu m pump ,
phototransistor, meters, LSASE, FERTIK 'S, 5400
Ella, Phila. , PA 19120.

DESCRAMBLERS. All brands. Special : Combo
Jerrold 400 and SB3 $165.00. Complete cable de­
scr ambler k it $39.00 . Compl et e sate lli te de­
scrambler k it $4 5 .0 0 . Fr ee ca t a log. MJM
INDUSTRY, Box 531, Bronx, NY 10461-0208.

TUBES: "oldest ," "latest." Parts, schematics. SASE
for list. STEINMETZ, 7519 Maplewood Ave., RE,
Hammond, IN 46324 .

ENGINEERING software , PC/MSDOS. Hob­
byists - students - engineers. Circuit de­
sign $49.00, PCB layout $99.00, Logic
simulation $29.00, FFT analysis $69.00,
Mathematics $39.00, Circuit analysis
$29.00. Call or write for free catalog. (614)
491-0832, BSOFT SOFTWARE, 444 Colton
Rd., Columbus, OH 43207.
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INVESTIGATORS, experimenters - Quality plans.
Micro and restricted devices. Free catalog. Self ad­
dressed stamped envelope required KELLEY SE­
CURITY INC., Suite 90, 2531 Sawtelle Blvd., Los
Angeles. CA 90064 .

PLANS AND KITS

CB Tricks II book. Power amplifier design and theo­
ry, UHF CB tune ups. Send $19.95 MEDICINE MAN
CB, PO Box 37, Clarksville. AR 72830.

MINIATURE FM transmitters!Tracking transmitters!
Voice dis9uisers! Bug detectors! Phone Devices!
More! Available in kits or assembled! Catalog $2.00:
XANDI ELECTRONICS, Box 2564 7, Dept. 60J ,
Tempe. AZ. 85285-5647.

CATALOG: hobby/broadcasting/HAM/CB: Cable
TV, transmitters, amplifiers, surveillance devices,
computers, more! PANAXIS, Box 130-F10, Para­
dise, CA 95967.

BUILD this five-digit panel meter and square-wave
generator including an ohms, capacitance and fre­
quency meter. Detailed instructions $2.50. BAG­
NALL ELECTRONICS, 179 May, Fair field, CT
06430.

SURVEILLANCE transmitter kits! Four models of
each; telephone, room , combination telephonel
room transmitters tune from 65 to 305 MHz. Catalog
with Popu lar Communicat ions and Popular
Electronics book reviews of "Electronic Eaves­
dropping EqUipment Des ign," $ 1. 0 0 .
SHEFFIELD ELECTRONICS, 7223 Stony Island

. Ave., Chicago, IL 60649-2806.

I
30 CHPARABOLICDISHSYSTEM
3DCH ROD ANTENNASYSTEM S193.90
3DCHCRYSTALCONTROLLEDSYSTEMS294.95

SUNMICROWAVEINn . INC. SENOS1.00 FOR
P.O. BOX' 3·1522 CATALOGON THESE
PHOENIX.AI. 85067 ANOOTHER FINE
(602 1 230·~0 VIOEOPROOUCTS
OUANTITYOISCOUNTS LIFETI ME WARRANTY

MEMBEROF THEBETTERBUSINESS BUREAU

$1.99 software for IBM Compatib les. Quality at af­
fordable prices! Huge selection: business, games,
graphics, utilities, database, spreadsheets. Send
$1.00 for catalog. AULT, 1556 Halford Avenue,
# 242, Santa Clara, CA 95051.

WANTED

HELP!! If you buy cable TV units, interference filters
any channel. Computer equipment and software. All
types of electronic components, integrated circuits,
capacitors, resistors, power supplies and lots more.
Stop!! whatever you're doing and call our toll-free
number 9am to 6pm EST Monday thru Friday 1
(800) 762-9730 we guarantee you won't be sorry.
Pick-up your phone now!! (Recorded message after
daytime hours .)

TRANSISTORS, diodes, resistors , capacitors,
MOVs, new, up to 60% oil . Catalog. MINUTEMAN
SYSTEMS, Box 1427, Concord, MA 01742.

TOCOM VIP test chip with Torx # 7 wrench $45.00.
R&S, (817) 293-4113. No Texas sales.

TEST equipment bargains. Includes Tektronix, H-P.
GR, etc. Sold as is. Technician's and hobbyist's
dream. Some units require minor repair or calibra­
tion. Some useful for replacement parts. Prices start
at $25.00. Nothing above $250.00. Catalog $5.00
(refundable with purchase). EDI, 180 Rodeo Drive,
Brentwood, NY 11717. (516) 242-6400.

INVENTORS! Confused? Need help? Call IMPAC
for free information package. In US and Canada: 1
(800) 225-5800.

~
INFRARED LEDIINVERTER TRANSfORMER . iii!iJ

r Sm.tIl 04lea:ltransfonnerkll:euse<!W1t! Yrf
JUITDJ cleM case. :==~=~ 3dwmaOC.

A1013 21$1 .00 llXY$4O.OO HI703 $2.llO EACH l ro~moo

INFRARED MODULE

~
Small infrared receiver module is sensitive 10 almostall

• ' / inl"" edremote corim,"~ iVlllealiles hig/lgain. Has on~ 3
/ / ilookup piro.Operates lrom !MlCilIll isVf1'J sensiti", (I \\ilt

fig/ll anLED crcosea"'IOft>;je reOylroml.\lto5lI'1..ay).
Module .00 iloo"-\) dOilmm on~lOO provide OUfpul device

G514 $1.29 01 lEDorreOy. Sileol PCIloMl: .9" , .3", .4-.

C6441 $5.95

~F~:'E~L ~y~~~~: KIT ...- ....

(NNCR Remotes. I EOs)* Produces So"", iIld
Bliltl RedLED Outpul* iJpelafeson !N Balfery (rot 1rx:1.)* eorres\\ith PC Board, P:rts
and Instructions* Sile ~PCIloMl : 25",14"

CIRCLE 186 ON FREE INFORMATION CARD

MINIMUM ORDER: $10 00 plus $3 00 sh<jlpU1g am haoo'U1Q
We aa:ept r~c. vsa aoo Money Orders.

SEND ORDERS TO: The Eleeuonc Goldmne
PO Bo, 5408 SCottsda le. A:Z 85261
PHONE ORDERS: (602) 451·7454

C6442 $19.95

MINI GEIGER COUNTER KijIT=;;;* De!edS All TlI"' 01 1'alf00cn* Uses Soroilr", AIpM111_ Tlile* ()pela'.es lrom!N Ba!lely (r>Jl 1rx:1) [J]-* CorreswitllPCIloMl.PW. _ Q 'HI
Tlile illll lrolru:lc ro o~ rill* Sile~PCBoiJtl J ',19" 0@fl~~ <>-

C6430 $59 .95 ...,- -=- Q ~

BATTERY OPERATED BLACK UGHT KIT* DeIlClS liMsi~e Floor""" Inks. F1uoresant Mi", m", eIO.* uses lA'geUrforaedU Shaped B~ L~~TIile.

fIrm ~
* eorresw'lh PC 1loMl. PillS, rete iVlllnsln.diJns* Operates from Mj fN BatoySoo""(r>Jl Ird.) * .",0I1loMl: T',1$'

0056 $13.95

Try the

Themoreyou use it the
more useful it becomes.

(RE-BBS)
516-293-2283

STRANGE stuff. Get the advantage! Laser listener,
surveillance, descrambling, underground informa­
tion. Plans, kits, complete items. Informational
package $3.00 refund able. DIRIJO/BOND, Box
212, Lowell, N.C. 28098.

TRANSFORMERS. Learn to build your own. Easy.
Smart. Send $1.00 (refundab le). W. CHARLES
TECHNOLOGIES, 28740 S.W. Parkway # A1,
Wilsonville, OR 97070.

COMPUTER KITS

nias
bulletin board

system

...-

ElealTB-3 (Tri-Bi) or SA-3
Quantity Prices
10 20

$48. $43.
Each Each

CABLE TV

DESCRAMBLERS

$39. $35.
Each Each

Hours open 10:00 am to 4:00 pm Eastern time
Minimum order 5 units 55.00 ea.
Dealers wanted. We ship COD.

King Wholesale

1-800-729-0036
Fax number 6173400053

"No one beats the King's prices!"

(f)
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50 100 Wesupport300 and1200
baud operation.

Parameters: 8N1 (8 data
bits, no parity, 1 stop bit)
Dr7E1 (7 data bits, even
parity, 1 stop bit).

Add yourself to our user
liles to increaseyour
access.

Communicate with other
R-E readers.

Leave your comments on
R-E with the SYSOP.

RE-BBS
516-293-2283

BUILD this 400W ste reo amplif ier designed for
mobile systems. Super nice . Plans $8.00. MD
ELECTRONICS, Box 2208, Zephyrhills, FL 33539.

KITS - alarms, games, and test equipment. Send
$1.00 for catalog. RAKJAB, PO Box 1875, Apopka,
FL 32704.

DEVICES unavailable in USA. Kits, parts, plans.
Catalog $2.00. WORDWAND, 612 Orange Street,
Palm Harbor, FL 34683.

pcrrv Interface - RGB to TVlvideoN CR. Switch­
able between PC and compos ite video inputs.
Channels 3 or 4, RF output. Complete PC card kits
$59.95. PC board only $19.95 Mass. residents add
5% sales tax. INOVONICS CORP. 9 Bartlett s i,
Dept. 36, Andover, MA 01810.

FREE laser catalog lightshows, pointers, hologra­
phy, etc . lowest prices! Wr ite to : MIDWEST
LASER PRODUCTS, PO Box 2187, Bridgeview, IL
60455 or call (708) 403-6984.

SURVEILLANCE - audio/video equipment - de­
bugging . Industri al or private. 500 item catalog
$7.00. SECURITY SYSTEMS, 3017G Hudson ,
New Orleans, LA 70131.
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o Mastercard

I IOOR
UNIT MORE

2900 1800
9800 7900
8800 6900

16900 l19 00
2900 1800

199 00 13900
2900 1800
9900 6300

10900 7500
9900 7000

10900 7500
9900 6200

' 0900 6500
' 4500 ' 0500
6900 4200
,900 4600
9900 6200
9900 6200

1,S 00 125 00
2400 14 00

l1900 6500
l1900 8500

Price TOTAL
Each PRICE

Shipping Add
$3.00 per unit

SUBTOTAL

TOTAL

COD & Credit
Cards - Add 5%

Output
Channel

' CA LL FOR AVAILABILITY

Item

______ Zip _

o Money Order

Cal ifornia Penal Code #593- 0 forbids us
from shipping any cable descrambling unit
to anyone residing in the state of California.

Price s subject to change without notice.

Quantity

PLEASE PRINT

HAM LIN Me c sooo 36 CORDED REMO TE CU NVERTER fell .I IUl IY I

ECONOCODE WITH VARISYNC

STAR GATE 2000
PANASONICWIRELESS CONVERTER lo u r "OS! buy l

ECON OCODE rmrmcooo su ns tnunn

JERROLD 400HANDREMOTECONTROL

FOR OUR RECORDS:
DECLARATION OF AUTHORIZED USE - I, the undersigned, do hereby declare under penalty 01 P8fiury
thai all products purchased, now and in the future, will only be used on cable TV syslems with proper
authorization from local oIficials or cable company oIficials in accordance \O(i th all applicable federal and
stale laws. FEDERAL AND VARIOUS STATE LAWS PROVIDE FOR SUBSTANTIAL CRIMINAL AND CML
PENALTIES FOR UNAUTHORIZED USE.

JERROLDSB·ADD·ON

IN TERFERENC E FILTERS ICh 30nlYI

'M LD· 1200· 2 ICh z ourouu
"MLD-1200-3 ICh 3 outpul l

"EAGLE PD-3 OESCAAMBLE R ICh 3 01ltplI l.mlYI

'ZENITH SSAVI CABLEREADY

'SCIENTIFIC ATLANTA ADD-ONREPLACEMENT DESCRAMBLER

'MINICODEIN· ,21
'MINICODE IN, '21WITH VARISYNC

'M-35B COMBO UNITWITHVARISYNC
' M-3S B CO MBO UN IT ICh 3 ou tpu t onlYI

'MINICODEVARISYNC WITH AUT O ON·OFF

'JERROLD 400COMBO

'JERROLD 450 COMBO

.JERROLD SB·ADD·ON WITH TRIMODE

'JERROLD 450 HAND REMOTE CONTROL

NEW HE NE
~ LASER TUBES $35
~ Dealer Inquiries Invited.

Free Catalog!
MEREDITH INSTRUMENTS: 6403 N. 59th Ave.

Glendale, AZ 85301 • (602) 934-9387
"Th e Source for Laser Surplus"

RECEIVE all cordless teleph ones on your scanner.
Send $2. 00 for frequ encies to : ADLER ELEC­
TRONICS, Box 41771, LA, CA 90041.

VCR am plif ier. Trans mlts to any TV in the house.
Complete unit only $49 .95. Min iature FM transmit­
ter-size of postage stam p, up to 1 mi le ran Qe.
$29 .95. Free info. CAS ELECTRONICS, 1525 AVia­
tion Blvd ., Suite 136, Redondo Beach, CA 90278.

RADIO jammer plans . Blocks out any FM radio
station reception for 1!4 mile . Send $4 .00 to P. KA ­
TCHUK, Suite # 102 , 5 Vanderbuilt Parkway, Com­
mack, NY 11725.

PLANS! Remote control teste r $9 .95 . Zener diode
tester (p lug in to DM M ) $9 .9 5 . El e ct ron ic s!
stethoscope $9.95. D.E. STENGER, Box 113 6,
Brooks, Alberta TOJ OJO.

LASER bug - theory, schematics 20 pg. $9.95 .
DATATEK, PO Box 801866, Santa Clarita, CA
91380-1866.

ETCH your own prin ted circuit boa rds using the
photographi c method. The only inexpensive step­
by' step process that guarantees profession al re­
sults . A book that every serious electronics hobbyist
sho uld have. Send $12.95 to ETCHING INFO , PO
Box 8064, Westfield, MA 01086-8064.

PROJECTION TV. Convert your TV to project 7 foot
picture ... Easy...Resu lts co mpa rable to $2 ,5000
projectors... Plans and 8" lens $27 .95... Profes­
sional syste ms availab le... Illustrated catalog free...
MACROCOMA, 15GB Main Street , Washin gton
Crossing, PA 18977 . Creditcard orders 24Hrs. (215)
736·3979.

DESCRAMBLlNG, new sec ret manual. Build your
own descramblers for cable and SUbscription TV.
Instruction s, schematics for SSAVI, Gated Sync,
Sinewave , (HBO , Cinemax, Showtime, UHF, adult)
$8 .9 5, $2 .00 postag e. CABLETRONICS, Bo x
30502R, Bethesda, MD 20824.

POWERFUL singl e-chip FM room transmitter, size
of a postage stamp, transmits to any FM radio up to
on e mile awa y. Co mple te k it $19.95 postpaid .
HERTZ MICRODEVICES, Box 41771, LA , CA
9004 1-41771.

LASERS Build gunsights, pointers , l ite s how,
nitelite, lab. Blueprints and instructions $9 .00 each,
3 for $20 .00 . Free list. NIGHTWRITER, POB 44188,
Phoenix, AZ 85064.



SATELLITE TV

5114 Balcones Wood Dr.#307 Dept.298
Austin TX. 78759

JERROLD-OAK-SCIENT IFIC ATLANTA-HAM LIN
ZENITH MANY M O RE C ALL TODAY!

"" Only quality products sold"" Easy to use
""Satisfaction guaranteed ..J Kno wledgeable sales staff

"" Most orders shipped within 24 hours
CALL FOR YOUR FREE CATALOG

• 1-800-228-7404~
MAKE THE CONNECTION

WITH

BUSINESS OPPORTUNITIES
EASY work! Excelle nt pay ! Assemble produ cts at
home. Call fo r information . (504) 641-8003 Ext.
5192 .

VIDEOCYPHER II descrambling manual. Sche­
mat ics , video and aud io. Explains DES, EPROM,
Clone Master. 3Mu sketeer, Pay-per-vi ew (HBO , C in­
emax, Sh owtime , adult , etc .) $13.95, $2 .00 postage .
Co llectio n of software to co py and alte r EPROM
co des, $25.00 . CABlETRONICS, Box 30502R,
Beth esda, MD 20824.

==. -.

VIDEOCIPHER II manuals . Volume 1 - Hardware,
Volume 2 - So ftware - eithe r $34.95 . Volume 3 ­
Projects/S of tware, Volume 5 - Documen tat ion or
Volume 6 - Experimentation $44.95 each. Volume
4 - Rep ai r $99.95. Cable Hacker's Bible - $34 .95.
Clone Hacker's Bible - $34.95 . Ca ta log - $3.00.
COD 's (602) 782- 2316. TElECODE, PO Box 6426­
PE , Yuma, AZ 85366- 6426 .

Jerrold, Zenith, Hamlin, Sci. Atlanta, Pioneer
& MORE! OUR PRICES ARE BELOW WHOLESALE!

C ABLE-+- piLUS
14417 Chase St. #481-A Panoram a City, CA 91402

1-800-822-9955 • Other Info. 1-818 -785-4500
NO CAliF. SALES - DEALERS WANTED

FREE ca talog - Lowest prices wo rldwi de , save 40
- 60%. System s , up gr ades , part s , a ll maj or b ran ds
fac to ry fresh and warrant ie d . SKYVISION, 2009
C o ll eg eway. Fergus Falls , MN 56 537. 1 (800)
334-6455.

CABLE TV secrets - the outlaw publicatio n the
ca b le companies tried to ban . HB O , Movie C hannel,
Sho w ti m e , descr ambl e rs , co nverters, etc. Sup­
p lie rs list inclu ded . $9 .95 . CABLE FACTS, Box 711­
R, Pataska la, OH 43062.
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Panasonic, Jerrold, Tocom,
Pioneer, Scientific Atlanta,

Zenith , Oak , Hamlin, Eagle ,
and all other brands

Microwave Antennas
(wireless cable) with

matching descramblers
Call Mon-Fri 10AM - 5:30PM ".J
Eastern t ime or wr ite for _,~

FREE CATALOG ~~

~
NO cormECTICUT SALES. IIi-5n-ot~th-e ~,"I-en~to"'lU'"'niv-er-sa~1V:""IOw-:I"Odefraud anypay
televlsron operator and we will notassrst anycompanyor individual in doingso.
WAIVER L Ille ~nders'ilned . am a con~ntlnO adult of at len t 21 yurs of age,andfully
unde~undthato',l/n elshipofaubie decoderdoesnolor..e tnecwoerctme decoder the

r~~llg"~I~co~em~~yeWa~;rh~~~u~~,~~n~~~~rMth~ll~r~r;e~~~Ort~\IO~n'r~~~~I~
~urChned . ,1\anr:lime. WIll onlybe usee! on cable~ systems WIth proper authoulatlon

~~~ ~~I ~~~~~af aO~dc;::~~~~~~L:I~~~~/f:;~~~;:n~~:~~~~~I~Cna3 1~~~~~~ I~'~~
for ul'\lluthOrLleduse

CATV CONVERTERS
AT LOWEST PRICES

UNICORN·YOUR I.C. SOURCEI

• Output: 4 mW (max.)
• Current: 20 mA
• Operating Voltage: 2.2-3 .0V
• Wavelength: 665nm
STOCK# PRICE

EPROMS
STOCK> PINS DESCRIPTION 1·24 2599 100.

1702 24 256 x 4 tus 3.99 3.79 3.41
2708 24 1024x 8 450ns 6.49 6.17 5.55
2758 24 1024x 8 450n5 3.99 3.79 3.41
2716 24 2048x 8 450ns(25v) 3.29 3.13 2.82
2716-1 24 2048x 8 350ns(25v) 3.79 3.60 3.24
TMS2716 24 2048x 8 450ns 6.29 5.98 5.38
27C16 24 2048x 8 450ns(25v-CMOS) 3.99 3.79 3.41
2732 24 4096x 8 450ns (25v) 3.79 3.60 3.24
2732A-2 24 4096 x 8 200ns(21v) 3.79 3.60 3.24
2732A 24 4096 x 8 250ns (21v) 3.69 3.51 3.16
2732A-4 24 4096 x 8 450ns (21v) 3.19 3.03 2.73
TMS2532 24 4096 x 8 450ns (25v) 5.79 5.50 4.95
TMS2532P 24 4096 x 8 450ns (2Sv-One Time Programmable) 1.99 1_89 1.70
27C32 24 4096 x 8 450ns (25v-CMOS) 4.19 3.98 3.58
2764-20 28 8192x 8 200ns (21v) 3.99 3.79 3.41
2764 28 8192x 8 250ns(21v) 3.79 3.60 3.24
2764A-20 28 8192x 8 200ns(12.5v) 3.99 3.79 3.41
2764A 28 8192x 8 250ns (12.5v) 3.29 3.13 2.82
TMS2564 28 8192x 8 250ns (25v) 6.79 6.45 5.81
27C64 28 8192x 8 250ns(21v-CMOS) 4_19 3.98 3.58
27128-20 28 16.384x8 200ns(21v) 5.79 5.50 4.95
27128 28 16.384x8 250ns(21v) 5.09 4.84 4.35
27128A 28 16.384x 8 250ns (21v) 5.79 5.50 4.95
27C128 28 16.384x 8 250ns (21v) 5.79 5.50 4.95
27256-20 28 32.728x 8 200ns(12.5v) 5.29 5.03 4.53
27256 28 32.768x 8 250ns (12.5v) 4.79 4.55 4.09
27C256 28 32.768x 8 250ns(12.5v-CMOS) 5.29 5.03 4.53
27512-20 28 65.536x 8 200ns(12.5v) 7.49 7.12 6.41
27512 28 65.536x 8 250ns(12.5v) 6.99 6.64 5.98
27C512 28 65.536 x 8 250ns(12.5v-CMOS) 6.99 6.64 5.98
27C1024 32 131.072x 8 200ns(12.5v·CMOS) 17.99 17.09 15.38
68764 24 8192x 8 450ns 13_99 13.29 11.96
68766 24 8192x8 450ns 14.99 14.24 12.82... UNICORN •==~.

. i'
ELECTRONI CS "

• 10010 Canoga Ave.. Unit B-8 ' Chatsworth. CA 91311
OUT SIDE CA LIFO RN IA: (800) 824-3432 (Orders Only)
IN CA LIFO RN IA : (818) 341-8833
O RDER BY FA X : (818) 998-7975

Minimum Order : $15.00$129.99

$19.99

$9.99

PRICE

$39.99

L53200

LS022

• Output: 5 mW (max.)
• Current: 65-100 mA
• Operati ng Vol tage: 1.75-2.2V
• Wavelength: 780nm
STOCK# PRICE

• Outpu t: 10 mW (max.)
• Curre nt: 90-150 mA
• Operating Voltage: 2.2-2 .5V
• Wavelength : 820 nm
STOCK# PRICE

• Outpu t: 2.5 mW (max.)
• Current: 90-150 mA
• Operat ing Voltage : 2.2-2.5V
• Wavelength: 820nm
• Collimation: .18mrad (typ.)
• Size: 11mm diameter

581053

STOCK#

581052

LASER DIODE
(VISIBL E-RED)

LASER DIODE
(VISIBLE-RED)

LASER DIODE
(INFRA-RED)

COLLIMATOR PEN
(INFRA-RED)
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ANTIQUE RADIO CLASSIFIED
Free Sample!~o

Ant ique Radio's
Largest Circulation Monthly. • G a
Art icles, Ads & Classifieds. •
6-Month Tr ial : $13. 1-Yr: $24 ($36-1st Class).
A.R.C., P.O. Box 802-L6, Carlisle, MA 01741

MAKE $50/hr work ing evenings or wee kends in
your own elec tronics business. Send for free facts .
INDUSTRY, Box 531, Bronx, NY 10461-0208.

YOUR own radio stat ion! AM , FM, TV, cable . Li­
cens ed /u nli cen sed . BROADCASTING, Box 130­
Fl O, Paradise, CA 959 67 .

INVENTORS: We subm it ideas to industry. Find out
what we can do for you . Call 1 (800) 288- IDEA.

LET the government finance your small busin ess .
Grants /loan s to $500,000. Free record ed message :
(707) 449-8600. (KS1).

EASY! Moneymaking on e man CRT rebuilding
machinery. $6 ,500.00 - $11,900.00. CRT, 1909
Louise, Cry stalake, IL 60014 . (815) 459 -0666.

MAKE $75,000 to $250,000 year ly or more fixing
IBM color monitors (and most brands) . No invest­
ment. Start doing it from your home. (A telephone
required.) Inform ation , USA, Canada $1.00 cash.
US funds. other countries $8.00 RANDALL DIS­
PLAY, Box 2168-R, Van Nuys, CA 91404 USA.

PROJECTION TV... Make $$$'s assembling proj­
ectors . Easy!. .. Resu lts comparable to $2 ,500 proj-
ector s Plans, 8" lens & dea lers inform ation
$25.50 Profes sion al systems available.. . illus-
trated catalog free. MACROCOMA, 15GBX Main
Street, Wash ington Crossing , PA 18977 ... Credit ­
card orders 24Hrs . (215) 736-2880 .

LEARN to clean/repair fax machines. Huge new
market! Earn $85/hour. No experience necessary.
Free detai ls call 1 (800) 537 -0589 or wr ite to : VIEJO
PUBLICATIONS, 5329 Fountain Ave ., Dept.
FX200 , Los Angeles, CA 90029.

FREE CATALOG!
1-800-648-7938

For all inform ati on 1-702 -362 -9026

JERROLD HAMLIN OAK ETC.

CABLE TV
DESCRAMBLERS
• Compare our low Low Retail Prices!

• Guaranteed Prices & Warranties!
• Orders Shipped Immediately!

REPUBLIC CABLE PRODUCTS INC.
4080 Paradise Rd . #15 Dept. RE-90

Z Las Vegas. NV 89109 ,+ !

WHY rent ? Homes for $1.00, repos . Gov't give away
programs! For information (504) 649 -0670 Ext .
R-5192.

NEW electronics products are waiting to be pro­
duced. TED , (416) 747 -5793 .

INVENTORS
INVENTORS! Can you patent and profit from your
idea? Call AMERICAN INVENTORS CORPORA­
TION for free information. Over a decade of servic e
1 (800) 338 -5656 . In Massachuse tts or Canada ca ll
(413) 568-3753 .

SERVICES
ENTH USIASTS Why not use PALs in your designs?
We program from your logic equations or MS-DOS
media. Call or write about our "Janey's Ranch" spe ­
cia l. NEVADA COM PUTER AS SOC., Box 978 , Bat­
tle Mtn., NV 89820 (213) 666-2152.

1·1:1.1.IIII :ill ll i!::.• i·:lg§~li:::.:!!
JCI10 MHz 8088 System $ 399.00

• 10MHz M otherboard w/ 640KB RAM
• M ath Co-Processor Socket
• One 5.25"360KB Floppy &.Controller
• 101-KeyEnhanced Keyboard
• 150Wan Power Supply &.Case
• M onoGraphia Card w/ Parallel Port
• 12"Am ber Mo nochrome Monitor

JC I Standard Conf iguration:

• 1 M B RAM on board 0 Wai t State
• Built-In RealTIme Clock &.Calendar
• M ath Co-Processor Socket
• One 1.2 MB or 1.44MB Floppy Drive
• 1:1 Hard / Floppy Di sk Controller
• 2 Serial, 1 Para llel, and 1Game Port
• 101-KeyEnhanced Keyboard
• Deluxe Casew/ 200W an Power Supply
• . MonoGraphicsCard w/ Parallel Port
• 12" Amber M onochrome Monitor

JCI12 MHz 80286 System $ 649.00

JCI 16 MHz 386SX System $ 869.00

JCI 20 MHz 80386 System $ 1149.00

JCI25 MHz 386 32K Cache $ 1495.00

JCI33 MHz 386 32K Cache $ 1850.00

Please Call For Custom Co nfig uration s

One Year Parts & Labor Warranty
30 Day Satisfaction Guarantee

Shipp ing & Handling E><1ra
VISA & MIC add 3% Arne. add 4%

JINCO COMPUTERS INC.
5122 Walnut Grove Avenue

San Gabriel, CA 91776
Tel: (818) 309-1108· Fax: (818) 309-1107
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$7290 $6950

(1-3) {( -up )

12" woofer made in the USA by Eminence.
Paper cone and dust cap with treated cloth
surround. 80 oz. magne t. 2-1/2" vented
voice coi l. 8 ohm . H OW RMS, 235W max.
40-4.5KHz respo nse.

#RM-29Q-1 47

12" CAST FRAME
WOOFER

$2750 $24"
(1-9) ( l O-up)

$1850 $1690

(1-3) (04 -up)

( 'I\"'\;"' ~ PIl., \:
Il 'l!\"iltl l l! ~ \

~ rt U,Il( \ \ \11'4
Revised edition
of David Weems'
best selling book .
Learn to bui ld low
cost speakers
that rival the high
priced models.

#RM-50D-021

SPEAKER BUILDING
BOOK

CALL TOLL FREE

1-800-338-0531

#RM-270-047

TITANIUM COMPOSITE
TWEETER
The advantages of
both hard and soft
dome techno logies .
8 ohm . Ferro fluid
cooled voice coil.
SPL=90 dB 1W/1M
50W RMS, 70W
max. 4" round.
Polydax
#DTW100T125.

#RM·290-o96

10" POLY WOOFER
Medium
duty. 60W
RMS, BOW
max. 14 oz.
magnet.
Respon se:
25·2 .5KHz.
fs=28Hz .

$28" $2440

$5450 $49"
(1-3) (. -up)

200W RMS crossover designed
specifica lly for use with dua l voice co il sub
woofe rs. 12 dB per octave roll-off at
150Hz.

SUBWOOFER XOVER

#RM-290·190

Dual voice coil. 40 oz. magnet. 6 ohm
imp. 100W RMS, 140W max. Response:
20-1.2KHz. Resonant frequency: 21Hz.
SPL=93 dB 1W/1M.

15" SUBWOOFER

$27'" $2570 #RM-26Q-220
(1-3) ((· up)

$530 $450 $395

(1-9) (10·79) (SO-up)

$195 $175 95c
(1·9) (10-59) (60-up)

fJ::Parts
rxpr!LSf!

340 E. First si ., Dayton, Ohio 45402
Local: 1-513 -222·01 73
FAX: 513-222-4644

#RM-280·210

Textile dome
midrange made by
Philips. 8 ohm.
SPL=90 dB 1W/1 M.
30W RMS, 40W
max. Response:
550-5K Hz.

2" DOME MIDRANGE

CIRCLE 56 ON FREE INFORMATION CARD

#RM·27D-010

Origina l piezo twee ter
made by Motorola.
SPL=94 dB 2.B3V/1 M.
Response : 4KHz­
27KHz. Handles ap­
proximately 50 watts .

#RM·271-o20

2-1/2" SANYO TWEETER
Paper cone with gold tone
dust cap. B oz. magnet.
B ohm . 1/2" ferro fluid
voice coiI. Power
handling: 50W RMS,
70W max. Frequency re­
sponse : 3K-20KHz.



LASER JET MEMORY

continuedJrom page 76

of printer. An "X" indicates a
closed switch or that a jumper is
installed. An "0" indicates the
opposite. Jl is viewed with pin 1
to the left.

WEST COAST ELECTRONICS
For Information : 818-709-1758

Catalogs & Orders : 800-628-9656

Installation and checkout
Plug the 48-conductor cable

onto J2 so that the cable runs out
and over the front edge of the
board. After turning the power
off and removing the power cord,
remove the memory expansion
panels of your printer (see the
man ua l supplied wi th the
printer). Slip the memory board
into the card gUides inside the
printer and plug the free end of
the cable into the 48-pin con­
nector.

Power up the printer and run a
memory test as described in the
printer's manual. Check to see
that the amount of memory re­
ported is correct. If problems oc­
cur refer to the guide in that
manual, and checkyour work. R-E

BEST BY MAIL
Rates: Write National Box 5 Sarasota FL 34230

• Major Makes & Models!
• Will match or beat anyone's prices!
• Dealer discounts at 5 units!
• Examples:

HAMLIN COMBOS . $44 ea. (Min. 5)
OAK ADD/ON $40 ea. (M in . 5)
OAK M35B $60 ea. (Min . 5)

MONEYMAKING OPPORTUNITIES

BOOKs/CATALOGs/MAGAZINES

CABLE TV
DESCRAMBLER LIQUIDATION!

FREE CATALOG · DESIGNER Clothing. OMEGA, 101(RE)
Clematis, Pensacola, FL 32503·2834.

CLOSEOUTS EXTREMELY PROFITABLE Postcard Pro­
gram. $5,000.00 weekly possi ble! 1-800·284·2625.

$50,000IN 3 Months: Only 3 pieces ot paper, no membership
or company start up fees. Our whole program cost you
just $3.00, send to: TSCOA, POB 670(RE), Lewiston, NY
14092.

50,000 + CATALOG LISTING! $5.95; Catalogs , Box
92452GT, Atla nta, GA 30314.

LOW power radio broadcasting - Your own sta­
tion! License unnecessary! Reach entire commu­
nities! Comprehensive book! $29.95 money order
or cert if ied check - SOUTHEASTERN TECH­
NICAL SERVICES, Box 8, Stonewall, OK 74871.

TURN your love into a liVing!The professional video
industry needs qualified technicians. Institute of Au­
dio Research, the world leader in audio education,
announces the Video Technology Program for
people like you. In under a year turn your flair for
electronics into highly marketable skills. Grads work
in broadcast telev ision, production companies,
manufacturers, corporate communications, etc. Fi­
nancial aid available if qualified. HS diploma or GED
required. INSTITUTE OF AUDIO RESEARCH, 64
Universit y Place, New York, NY 10003. 1 (800)
544-2501. NY, NJ, CT (212) 777-8550.

LEARN IBM PC assembly language . 80 pro­
grams. Disk $5.00. Book $18.00. ZIPFAST, Box
12238, Lexington, KY 40581-2238.

VIDEO tape VHS basic cleaning and maintenance.
TV one and a half hours, VCR one hour. $38.00
each.JAMES BRADFORD, PO Box38359, Detroit,
M148238.

EC .C. Commercia l General Rad iotelephone
license. Eiectronics home study. Fast, inexpensive!
"Free" details. COMMAND, D-176, Box 2824, San
Francisco, CA 94126.

................. PRESENTING...........

CABLE TV
DESCRAMBLERS
........ STARRING ...........

JERROLD, HAMUN, OAK
AND OTHER FAMOUS MANUFACTURERS

• FINESTWARRANTYPROGRAMAVAll.ABLE
• LOWEST RETAlLjVt'HOLESAU PRKES IN U.S.
• ORDERS SHIPPED FROM STOCK\llfTHIN 24 HOURS

Cable TV 0'
Descramblers I

If you find a better deal, ' .
we 'll better our deal. ...

"Jerrold "Tocom "Hamlin "Oak
"Scientific Atlanta "Zenith

Askabout our extended warranty
program.

COD, Visa. M/C we lcome.
Free Call - Free Catalog .

Video Tech 800-562-6884
2702S. Virginia st..ste. 160-304

Reno.NV 89502.

State Zip _

Name' _

Addreas' _

City

Order your 260 page catalog and price lilt with over
14,000 money laving electronic pam and equipmentl
Send $3.00 in a check or money order, or call
1-800-543-S568 today and use your Maltercard or Vila.
Consolidated Electronics, Incorporated
706 Watervliet Ave., Dayton, Ohio 45420-2599
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All Jerrold , Oak, Haml in , Ze nit h, Scie nt if ic
At lanta, Magnavox and all specialized cab le
eq uipment avai lab le for shipm ent wi thin 24
hours. For fast service MC /VISA or C.O. D.
telephone orders accepted (800) 648-3030
60 Day Guarantee (Quant ity Discounts)
8 A.M. to 5 P.M. C.S.T. CLOSED WEEK­
ENDS. Send self-add ressed Stamped enve­
lope (60¢ postage) for Catalog.

EDUCATION & INSTRUCTION

THE ULTIMATE
ELECTRONICS

CATALOG

CONSOLIDATE
E LEe T R

MAGIC! Four illustrated lessons plus inside infor­
mation shows you how. We provide almost 50 tricks
including equipment for four professional effects.
You get a binder to keep the materials in, and a one­
year membership in the International Performing
Magicians with a plastic membership card that has
your name gold-embossed. Youget a one-year sub­
scription to our quarteriy newsletter "IT's MAGIC!"
Order now!$29.95 for each course +$3.50 postage
and handling. (New York residents add applicable
state and local sales tax). THE MAGIC COURSE,
500-B BiCou nty Boulevard, Farmingdale, NY
11735.
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QUALITY PARTS • DISCOUNT PRICES • FAST SHIPPING

100 ohms Ugh!
16K ohms dark.
0.182" dia X .OS"hlgh.
0.18" long lead s. CATI PRE·7 210r $1.00

100 lor $45.00 • 1000 for $400.00

ii:;:::i~~=~
CAT# PBZ·06 $1.50 each HnachlHM015 40 RPM @ 12 Vdc. - ~ terminal connections.

~~""~m",~~m""~)",~~,~,,,,~!!!m:"':'!!!J""~'P,,,.~.'::",H.~; ",,~P;;;;:~),,,F.~. :",O~. :",.~)",..~~",.~F,".~J",.~3" .",I~$",'~J'",.~.,",~~,:.",.~.•~",:~;",:~::",:·~J",:!!!'!m",:!!!m-"".~t",:~m..~4. ~:~~~i~r~~~:.~:::~!~:~~~r ~E~~=!~nag96whh reduced • ~~~~~~g~£~.@
symbols. CMOS • low powor dissipation. speed and torque. 6.3 pound Inches torque . OV9fcurrent protection.
Operalos on 5 Vdc. Modulo slzo: 3.14" X 1.40". Stal l: 27 pou nd inches. 3.1" long X 1.375" di- Compaet ventilated case
Displayaroa: 2.53" X0.54". ameter. Shah : 0.187" dia. X 0.75" long. measures5.24" X 3.81" X 1.38" overall .
CharaCIor slzo: 0.25" high X 0.115" wido . CAT. MOTG.14 $11.50 each Includes Instruction sheet.
Programming and hook-up Instruc:ions Includod.
CAn LCD-l $9.50oach 10 lor $100.00 CATlPS·122 S23.50each

CIRCLE 107 ON FREE INFORMATION CARD
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Used for backlig hting cont rol pane ls or as
decorative Of emergency prime lighting

eource. Thin, tough and flexible, they oper-
ate on low ament AC vottage. Th.. pre­

f. rred power sou rce i, a mn iature DC to AC
in....rter. Th.- haYe• bit of an odd shape.
The strips 8re 2.15- wid. X 5.88" long and
are 0.035- thick. The lImine. cent area is

5.3" long X 1.7'Z' wid. and has one corner
wI off, leaving a uHtul ar•• of tllirty good

proportion • . W..... M1h-.g1M strips and io­
ye rt." as • package . In....rt.( operstMoon

6 Vdc.Glow It rip, invllrter and hook~p

diagram CAr. 05-500 $5.00 po, ..t

EXTRA INVERTERS
I"""t: 6 Vdc Output : 225 Vac

CATIINV·1 $2.00 . ""h

Learn about

stepp ing ~.~ .
motorswhi le '~~ ~:
bUilding th is
simp le circun.
Includes clrcu a board and all parts
except 12 Vdc power supp ly.
CAn SMKIT $18.00 each

LED GRAB BAG
SO auorted ~LE.D: .
M.nylilforonl ~~ ~ ~
lJhapes, colors, I5iz... Roood,

r.cta"lgul. , curved, etc.
CAlIGRLED

~.OO p.- u aortment

REFLECTIVE OPTOSENSOR
Opt"'" K-8711
Wedge ahapod~
devicewith IR
emU.r and
f'KIeiyer poin1ing
the ..me direction . Ught rays
from emft« bounce off nearby
cb;.et and ~jlt.r on receiver.
Effective range approx. 0.15-,
CAT, OSR·l 75e .""h

INFqRMATION (818) 904·0524

100ft "'20011. rolla ~
01RG ll1U termnated
to h.avy duly F oonnoctoro. .
Incudes 75 ohm termin ator .-an==:
and F-6 1 sp licer on one end.
New cabkts manuf actured for IBM PC net­
works. IBM PIN 1SOl008 COWSCOPE.
CAT,RG·l1·1 100ft roll $15.00
CATI RG·l1·2 200 It. roll $27.SO

High qualtty moklod ASS G
Instrument enck>sures.
Integrated PC board
standoffs and two sets
of vertical mounting slots lor
front and rear sub panels. All enclosures are
6" wide X 6 114"deep. Choloo of lhr oo hts. I
neludes non- skid rubber foet and hardware.
Availablo in be ige, Ivory,black, and bluo.
Panel hL CAT.
2 "... CAT.MB-A S7.SO..ctl 10taS65.00
2&8' CATl MB-B $7.75..c:l1 10 10'$67.SO
3' CATlMB-C $8.00 N c:l1 1010'$70.00

Please &c . color .

::::::mm:VU:tM;i,HM:WQl;P.:'¢.MPf'

12 VOLT D.C.
D.P.D.T.
DIP RELAY
Mini."'re relay
fits standard 16 pin (lip) aockots
or Ylill directly mount to p.c.
boards. GI Cia,.. LM44DOO'
280 ohm • 30 va s witching.
CATlCRLY"12 $2.50.""h

24 VOLT D.C. COIL I.
KUP stylo .
11 pin baH
can be socket ed,
dir ect IOkfered or qJ ick
connect termin als can be used.
1 3/8 " x 1 112"x 2". 3.P.D.T. ·
5 a mp contacts· 470 ohm
CAT' RLY·3S2. S2.25.ach

=;-......~F~AX (818) 781·2653
Call Or Write For Our
Free 60 Page Catalog

Outside the U.S.A. send $2.00
postage for a catalog.

•

~
••• ALL PLUGDIRECTLY

INTO 120 VAC
OUTLET

6 Vac 0 600 ma. CAlIACTX·660 $3.SO
a.3 Vdc 0 10ma. CAli DCTX-I310 $l .SO
12 Vdc O 500 maoCAli DCTX·125 $4.SO
g Vdc 0 1 ..,.., CAli DCTX-9S1 $5.00
24 V"" 0 625 rna.CAT' ACTX·2462 $3.00

Pv\J\'Ii Product. International' ~
Al gN-HO-l 0/1
Primary:600 ohm
Secondary: 600'600 ohm
0.77" X 0.61" X 0.63" high.6 p.c.
pins on O.1ST centers. Primary
inductan ce : 300 mH nin.• at 1kHz, 1 volt.
CATtTCTX·l $1.25 .""h ·10 10r$11.oo



XY999

• 5 .25" needle nose pliers
• 6 piece precision

screwdriver se t
• Brush
• 10 piece screwdrive r set:

5 Slotte d & 5 Phillips
• Flat nose plie rs
• Carrying case:

17 .63"W x 12 .5"D x 3 .5"H

UVP EPROM Eraser.....-_.
r ' ~"-lI t rJ

WM2

• Stainle ss stee l sc iss ors
• Utili ty components box
• 8 pes. hex key w renc h
• Digital Multimet er
• Round needl e fi le
• Flat need ie file
• 6" adjustable wr en ch
• Util ity knife w ith extra blad e
• Bent needl e nos e plie rs
• Diagonal cutting pl iers

Tool s Included in Kit

Prototype
Design Stations

A .R.T. EPROM Programmer

10' measuring tape
Electri c tape
6" long tw eezers
7" br ush and scraper
7" f in e poi nt p robe
7" slotte d probe
Ros in core so lder
30 watt so lde ring iron
Deso ldering pump

• So lde ring stan d

MS305 $119.95

The MS305 prov ides the tools neede d for bu ilding,

repairing and genera l maintenance of mos t electronic

equipment. A convenient and du rable carry-along

combinat ion lock case safely protects and secures

thi s st -plece tool kit. From the di gita l multimeter to

the desolde rlng pump this kit is the perfect it em for

technicians and elect ron ic enth usiasts.

51-Piece Elect ronic Tool Kit

30 Watt Electron ic Temperature Controlled Desoldering Station
• Electronic temperature control from 212' to 842' F ' Self-contained
high rotary vacuum pump

XY999 $279.95

60 Watt Analog Display Soldering Station • Electronic temperature
control from 200' to 878' F • Ceramic heating element for a steady
temperature and long life

XY2660 $89.95

60 Watt Analog Display Soldering Station • Electronic temperature
control from 200' to 878' F • Cartr idge heating element for a longer
life of the soldering tip

XY1683 $59.95

60 Watt Digital Display Soldering Station • Electronic temperature
control from 200' to 878' F • Temperature displayed on easy to
read .560"H 3-digit LED readout · Nichrome heating element

XY960 .•......•..•.....•.....•............•...•....••..........$99.95

WM1 Special Features: • 4 potentiometers ' Built-in speaker

WM2 Special Featu res : • Pulse Generator' Binary coded
decimal (BCD) to 7-segment decoder/driver' DB25 connector
• Frequency counter (1Hz to 1MHz)

WM1 A na log Prototype St at io n •••••• ••• •$ 199.95

WM2 Digital Pr otot yp e St ation $249.95

• Program s all current EPR OM s in the 27 16 to • Erases all EP ROM 's' Erases 1 chip in 15
2751 2 ra nge p lu s th e X 2 8 6 4 EEPRO M Min. and 8 Ch? S in 21 min , • UV intensity :
• RS2 32 po rt· Softw ar e inc lu ded 6800 UW/C M

EPP $179.95 DE4 $69.95

Soldering and Desoldering Stations

WM1 & WM2 Featur es : • Removable solderless breadboard
• Variable and fixed DC power supply' Multi-frequency sig­
nal ge nerator' Ana log multimeter • 8 bicolo r LEDs (red &
green) • 8 logic sw itches ' Logic probe' Lighted power
sw itch • Fuse overload protected • Sturdy rugg ed ized
case

24 Hour Order Hotline (415) 592-8097
QUALITY PRODUCTS • COMPETITIVE PRICING • PROMPT DELIVERY

3.5Dtgit Mult,meter $49.95
3.5Digit Multimeter wlFrequency&
Capacitance $69.95
same asM3650 w/8argraph $74.95
4.5 DigitwlFrequency. Capadtance and
DataHold Switch $99.95

M ultimeter S pecials

M80:
• ACIDC voltage. AC/DC current. resistance.
diodes. cont inuity & frequency • Full auto­
ranging on DC voltag e · Highllow semi­
auto ranging for AC/DC cur rent and ohms
• Data hold switch • Extra-large display

M80 3.75DISit Multlmeter $59,95

M3900:
• AC/DC voltage , AC/DC current , resista nce,
diodes, cont inuity, dwell angle and engine
RPM· High surge voltage protection

M3900 3.5Digit Multlmeter $59.95

M3610
M3650

M3650B
M4650

\ • • • •••A.;cMP;""........

• Large 6" rectangular display
• High sensitivity : 1 mV/div

GS7020 Oscilloscope $399.95
• Wide measuring range
• Measured value hold function

FC7102 Frequency Counter.... ... $299.95

GoldSta r 20MHz Osci lloscope and
1GHz Frequency Counter

PROTOTYPING PRODUCTS
Jameco So lderless Breadboards

GS702 0

Oscilloscope Probes

• Attenuation:
x1 / x10

• Capacitance:
180pF / 22pF

• Bandwidth:
3MHz/40MHz

• Length: 60"

L F180 40MHz Oscilloscope
Probe $19. 95

Part Dim. Contact Binding
No. L" x W" Points Posts Price

JE21 3.25x2.125 400 $4.95
J E23 6.5x2.125 830 $6.95
JE2 4 6.5x3.125 1,360 $12,95
JE25 6.5x4.25 1,660 $17.95
JE26 6.875x 5.75 2,390 $22.95
JE27 7.25X7.5 3,220 $32.95

M e tex D i g i t a l

M u l tim eters
Gene ral Specs:

-, Handheld, high
accuracy· AC/DC
voltage, ACmC
current, resistance,
diodes , conti nuity,
transistor hFE

• Manual ranging wI
over load protection

M3650, 36508 & M4650 only :
• Also measure frequency and capacitance

M4650 only: • Data hold switch , 4.5 digit

$2,59
$5.49
$4,95
$8,95
$8.49
$9.49

$2,4S
$2,25

$1.49
$1,19
$,99

$2,25
$2,09
$1.95
$1.75
$4,95
$3.75
$3.15
$2,95
$2,59
$3,95
$3,25
$2.95
$2,49

$10,49
$9,95

$8.95
$10,49
$10,25

S IMMs

80ns, 256Kx9 $32,95

1DOns, 256KxS $29,95

1DOns, 1Megx8 $79,95

70ns, 1 MegxS $109.95

80ns, 1Megx9 $9S,95

1DOns, 1MegxS $89,95

80ns,4 MegxS $449,95

120ns, 16Kx4
150ns, 16Kx4
120ns, 16Kxl
150ns, 16Kxl
200ns, 16Kx1
l OOns, 64Kxl
120ns, 64Kxl
150ns, 64Kxl
200ns, 64Kxl
60ns, 256Kx1
80ns, 256Kxl
100ns,256Kxl
120ns, 256Kx1
150ns, 256Kxl
80ns,64Kx4
1DOns, 64Kx4
120ns, 64Kx4
150ns, 64Kx4
70ns, 1 Megxl
80ns, 1Megxl
1DOns, 1 Megxl
80ns, 256Kx4
1DOns, 256Kx4

P a r tial List ing • O v e r 4 000 Comp onents a n d A c c e s s o r i es in Stock! • C all f or Q u a n tity D i s c o u n t s

CIRCLE 11 4 ON FREE INFORMATION CARD

Memory Modules

SIPPs
80ns, 256KxS $32.95

100ns,256Kx9 $29,95

70ns, 1MegxS $104,95

80ns, 1MegxS $99,95

1DOns, 1Megx9 $8S.95

80ns, 4 MegxS $449,95

41256A9B·80

41256A9B·10

421000A8B·10

4210ooA9B·70

4210ooA98·80

421000A9B·10

940005·80

41256A9A·80

41256A9A·10

4210ooA9A·70

421000A9A·80

421000A9A·10

94000L·80

TMS4416-12
TMS4416-15
4116·12
4116-15
4116-20
4164·100
4164·120
4164·150
4164·200
41256·60
41256·80
41256-100
41256-120
41256·150
41464-80
41464-10
41464·12
41464·15
511000p·70
5110oop·80
5110OOP·10
514256p·80
514256p·10

NEC V20 & V30 Chips

UPD70108·5 5MHz, V20Chip $5.25
UPD70108·8 8MHz,V20Chip $6,95
UPD70108·10 1OMHz, V20 Chip $10,95
UPD70116·8 8MHz, V30Chip $7,95
UPD70116-10 10MHz,V30 Chip $12,95

Intel Math Coprocessors

8088 or 8086 Systems
8087 5MHz $8 9 .95
8087-2 8 M Hz $ 129 .95
8087- 1 10MHz $ 169. 95

80286 Systems
80287 6M Hz $139 .95
80287-8 8M Hz $20 9 .95
80287·10 10 MHz $23 9 .95

80386 Systems
80387·16 16MHz $3 49.95
80387-20 20M Hz $399.95
80387-2 5 25MHz $499.95
80387-33 33 M Hz $ 649 .95

D y namic RAMs

96

CJ)

o
~ Stati c RAM s

g: 6116P·3 150ns. 16K(CMOSI
o 6264Lp·10 tcoos,64K(CMOSI
~ 6264LP·15 150ns, 64K(CMOS)
W 43256-10L 1oons, 256K
6 43256-15L 150ns, 256K
(5 62256Lp·15 150ns, 256K (CMOS)
~ ----'- ...L- _



XT Hard
Drives
also

available

Please 0
refer to

0a
Mail Key 2 CD

when m
:::0

ordering ~

CD
CD
0

• 7AM - 4PM P.S.T.
97

Sony

3.5"720KBDisk Drive $69.95
5.25" Installation Kit for MPF11 ••$14.9 5

MF353B

Micropolis (ESDI)
1654-7 150MB (isms) 5.25·HH.... $ 1199.95
1558-15 300MB(18ms) 5.25"FH $1699.95

Colorado Memory Systems
• IBM PC/XT/AT/386 Compatible' Back-up
40MB in 40 minutes' Back-up 60 to 120MB
with extended tapes and data compression
software ' Includes 40MB tape cartridge

DJ10 40MBTap. Back-Up $329.95
KE10 External Enclosure KIt $149.95
TB40 40MBTap. Cartridg $24.95
TB60 60MB Tap. Cartndg $32.95

MPF11
SMK

Mltsublshl

MF353B 3.5' 720KB Internal Oriv $99.95
MF355B 3.5' 1.44MB Internal Driv $119. 95
DOl MF355B Software for systems without

1.44MB disk drive BIOS capability ••• $14.95

Teac

FD55B 5.25' 360KB Internal Driv $89.95
FD55G 5.25'1.2MB Internal Dnv $99.95

Above Drives Include Hard Disk Drive,
Controller & Cables

Conner (16-bi t IDE)
CP3044 40MB(25ms)3.5·Low Profile.$429.95
CP3184 80MB(25ms)3.5·HH $649.95
CP3104 100MB(25ms) 3.5'HH $699.95

Floppy
Disk
Drives

1355 Shoreway Road, Belmont, CA 94002

24 Hour Order Hotline
(415) 592-8097

$50.00 Minimum Order

FAX's (415) 592-2503 or (415) 595-2664
Telex 176043 - Ans. Back: Jameco Blmt
Data Sheets - 50c each
For a FREE48-Page Flier send $2.00 to cover
First Class Postage and Handli ng
e 1990JamecoElectronics 10/90
CA Residents Add

6.25%,6.75% or 7.25% Sales Tax
Shipping - Add 5% plus $1.50 Insurance
(May vary according to weight and shipping method)
Terms: Prices subject to change without notice.
Items subject to availability and prior sale.
Complete list of terms-w arranties is available upon request.
IBM IS a registered trademark of lnternahcnar Bus-ness Machines

Hard Drives & Tape Back-Up

Jameco®
~

Jameco
Digitizer Tablet

• AutoCAD 10 templ ate and four­
button puck • Resolution: up to
1016 lines per inch' Accuracy:
±.025" • Emulates three of the
worlds most popu lar formats:
Summ agraphics MM, Summa­
grap hics Bit Pad One, Calcomp
2000 • EEPROM allows custom
configuration

JCAD Digitizer Tablet $199.95
Stylus Two ButtonStylus .... $39.95

9600Eiiii•••• Pictured

External Modems
1200C Datatroncs1200 Baud $89.95
2400C Datauoncs2400 Baud $149.95
9600E Prometheus 9600 Baud $699.95

Internal Mo d em s
1200B Jameco t200 Baud $49.95
2400B Jameco 2400Baud $99.95
Modems listedabove Include ProCommSoftware

JE1032

Logitech
Mice

MSER Serial Mouse & MouseWare

Software $89.95
MBUS Mouse w/Bus Board & Mouse­

War.Software..... $99.95
MPS2 PS/2Meuse & Mcuseware

Software $79.95

DFI Handy Scanner
• IBM PC/XT/AT

Compatible
• 4" Scanning

Window
• 400 dpi

Request Jameco's 1990 Catalog for a Complete
Listing of Components, Test/Measurement

Equipment and Computer Products

JE2061

. " Il J~ ..·- ' ,..., .

. ::"'1'_ ~ 11III . ' •

ME1100-Key
Microtype Keyboard

------------/ ,
I . I
I I
I Normal size of I
I 101 key enhanced I
\k eyboard J----------- -,

FKB4700

IBM PC/XT/AT
Compatible Keyboards

Customer Service ·Technical Assistance· Credit Department. All Other Inquiries . (415) 592-8097
CIRCLE 114 ON FREE INFORMATION CARD

Relisys 14" VGA monitor and 16 -bit VGA card package

(640 x 480 max. resolut ion)

JE2061 VGA Monitor & VGA Card $629.90

JE1077

JE1043 360KB/720KB /1.2MB/1.44MB Floppy Disk Controller Card (PC/XT/AT) ..$49 .95
JE1050 Monochrome Graphics Card w/Par aliel Printer Port (PC/XT/AT) $49 .95
JE1052 Co lor Graphics Card wi Para llel Printer Port (PC/XT/AT) $49 .95
JE1055 EGA Card wi 256KB Video RAM (PC/XT/AT) $139.95
JE1060 1/0 Card wi Serial, Ga me, Printe r Port & Rea l Time Clock (PC/XT) $59.95
JE1062 RS232 Serial Half Card (PC/XT/AT ) $29.95
JE1065 1/0 Card wi Serial , Gam e and Parallel Printer Port (AT) $59.95
JE1077 Multi 1/0 Card wi 360KB/720KB/1.2MB/1.44MB Floppy Controller (AT) $99.95

Shown with VGA Option (not included)
J E2059 Multiscan Monitor and VGA

Card $669.90 (See Below)

JE3551 20MHz 80386 Compatib le Kit $1949.95

• IBM PCIXT/AT/3B6Compatible JE1010
• Saves an amazing 60% of the desk JE1010 f\o-Top Star<tald PCiXTCase $39.95

JE2015 84-Key Standard AT Style space used by equivalent standard JE10l1 Slde Star<tald PCiXT Case $39,95
Layout $59.95 keyboards

FKB4700 101-Key Enhanced Layout JE1032 2OOwattBabyAT _&.Wy .....$89.95
with 12 Function Keys $69.95 MIRU $129.95 DFTC VE>1JCaICase w,mw PM.&.Wy $259.95

Jameco 20MHz 80386 Desktop Computer Kit

Re lisys 14" Multiscan monitor and 16-bit VGA card

package (640 x 480 max. resolution)

JE2059 Multiscan Monitor & VGA Card $669.90

• Fu lly IBM Compatib le
• Free! Concur rent 386 (Disk Op erating System)

Softw are Included
• 4MB RAM Included, Expandable to 8MB on board,

16MB with optiona l expansion board
• 8/ 20MHz Keybo ard Switchable Oper ation
• A MI BIOS ROMs Included
• Fliptop Case w/200 Watt Power Suppl y
• Conner High -Performance IDE 3.5" 40MB

Ha rd Disk Drive
• Te ac 1.2MB Floppy DSHD Disk Drive
• Mu lti 1/0 Card with Universa l Floppy Contr oller
• Fujitsu 101-Key (Enhanced) Keyboard

EGA, VGA & Multiscan Monitor Packages
Re lisys 14" EGA monitor and EGA ca rd package

(640 x 350 max. resolution)

JE1059 EGA Monitor & EGA Card $509.90

Jameco IBM
PC/XT/AT
Compatible
Cards
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RADIO-ELECTRON ICS does not assume any responsibility for errors that may appear in
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Print Products International. .. . . 28

R.E. Video CV3

Radio Shack 9

Sencore , . 70

Star Circuits , 28

People's College of Indep. Study , 26

Peripheral Technology 87

Photronics, Inc 46

Pomona Electronics 21

92 Tektronix , . . , CV4

123, 189Test Probes 36

225-228 Test Probes 36

192 Unicorn 92

64 Universal View 92

190 Viejo Publications . . , 82

191 WPT Publications 83
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Communications Specialists . , 83

Cook's Institute , 17

185

58

109 C & S Sales , II

70 CEI 94

CIE . . , 25, 31

Free Information Number Page 188

108 AMC Sales . . . . . .. .. . . . . . . .. . . 19 180

75 Ace Products .. . . . . . . ... . . . .. , . 46 179

107 All Electronics .. . .. . . . . . . .. . . . 95 101

198 Alpha Products . . . . , .. , . . , . . . . . 88 199

Amazing Concepts . . . . . . . . . .. . . 98

197 AvexProbes .. . , .. . . . . . . . . . . . . . 85 78

77 B&K Precision ... . ... .. .. . . .. . 27 176

67 Banner Technical Books . . . .. . . . 19

181,182 Beckman Industrial 13,15

183,184 Beckman Industrial 17,19

98 Beckman Industrial 79

GRA1 - ANTIGRAVITYGENERAlOR . . .S10.oo
w LC7 - 40WAIT BURNING CUTIINGLASER . .$20.00
~"" RUB4 - HI PCM'ER PULSED DRILLING LASER $20.00
~~ B1C5 - 1MILLION VOLTTESLA COIL . . $20.00
a: In MCP1 - HIVELOCITYCOILGUN ..... . S15.oo
~ 2:LLS1- LASERLIGHT SHOW 3METHODS . . . . . $2000
en EH1 - ELECTRONIC HYPNOTISM TECHNIOUES . . .$8.00
Z EMl1 - LOWER POWERED COIL GUN LAUNCHER . . .$8.00
e:c JL3- JACOBLADDER3MODELS .. . $10.00
..I SD5 - SEEINTHE DARK 810.00
I:L. LEV1 - LEVITATION DEVICE . .$10.00

iil FMV1K - 3MILE FM VOICETRANSMIITER . .$34.50
S PFS1K - HAND CONTROLLED PLASMA FIRE SABER . .84950
;c NIG7K - HIFWXNEGATIVE ION GENERAlOR $3450

w:il: PG5K - PLASMA LIGHTNING GLOBE .849.50
~::E LHC2K - VISIBLESIMULATED 3COLOR LASER $44.50
~ <2 HOD1K- HOMINGITRACKING BEEPER TRANSMITTER . .$44.50
c;;g LGU6K - 2.5MWHAND-HELD VISIBLELASER GUN $249.50
!:l! g: B1C3K - 250,000VOLTTABLElDPTESLA COIL S249.50
en IOG2K - ION RAYGUN, projectene'!lYwithout wires $129.95
~ TKE1K - TELEKINETICENHANCER/ELECTRIC MAN _$79.50
i2 VWPM7K - 3MILEAUlD TELEPHONE TRANSMITTER . .84950

Q ASSEMBLED INOUR LABS
W L1sno - INFINITYXMTRListeninviaphonelines .. . , ,$199.50
..... IPG70 - INVISIBLE PAIN FIELD BLAST WAVE GENERAlDR$74.50
I:lCIIITM10- 100,000 VOLTINTIMIDAlDR UPlD20' . .. $99.50
:E JAT30 - AUlDMATIC TELEPHONE RECORDING DEVICE .$24.50
W PSP40 - PHASOR SONICBLAST WAVE PISlDL $89.50
en DNE1D - ALLNEW 26"VIVIDCOLORED NEON STICK $74.50
en LGU20 - .5ro 1MWVISIBLERED HeNeLASERGUN .. $199.50< BLS10 - 100,00WAIT BLASTER DEFENSEWAND . . .$89.50

EASY ORDERING PROCEDURE · lOLLFREE1-800-221-1705
or 24HRSON1·603-673-4730orFAX ITlD 1-603-672·5406

VISA, MC,CHECK,MO INUSFUNDS.INCWDE 10%SHIPPING.ORDERS
$100.00& UP ONLYADD $10.00. CATALOG $1.00OR FREEWITH ORDER.
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Gernsback Publications. Inc.
500-B B i-County Blvd.
Farmingdale. NY 11735
1-(516) 293-3000
President : La rry Steckler
Vice President: Cathy Steckler

For Advertising ONLY
516-293-3000
Fax 1-516-293-3115
Larry Steckle r

publisher
Arli ne Fishman

advertis ing director
Denise Haven

advert ising assistant
Christina Estrada

advertising associate
Kelly McQuade

credit manager

Subscriber Customer Service
1-800-288-0652
Order Entry for New Subscribers
1-800-999-7139
7:00 AM - 6:00 PM M-F MST

SALES OFFICES

EAST/SOUTHEAST
Stanley Levitan. Eastern Sales Manager
Radio-Electronics
259 -23 57th Avenue
Little Neck, NY 11362
1-718-428 -6037 , 1-516-293-3000
Fax 1-718-225 -8594

MIDWESTfTexas/Arkansas/Okla.
Ralph Bergen. Midwest Sales Manager
Radio-Electronics
540 Frontage Road-Suite 339
Northfield, IL 60093
1-708-446-1444
Fax 1-708-446-8451

PACIFIC COAST/ Mountain States
Marvin Green. Pacific Sales Manager
Radio-Elect ronics
5430 Van Nuys Blvd. Suite 316
Van Nuys, CA 91401
1-818-986-2001
Fax 1-818-986 -2009

53 MD Electronics 98

93 Mark V. Electronics 30

61 Microprocessors Unltd , . . 87

117 Mouser , 17

NRI Schools , 7

194,195 Optoelectronics 22, 29

Pacific Cable 91, 94

56 Parts Express 93

114 Jameco 96, 97

104 Jan Crystals , . , , 15

115 Jensen Tools , 46

187 Jinco Computers , , 93

King Wholesale , 90

200 Klockit. , 18

Damark International 81

201 D&D Electronics , . . , . . , 13

121 Fluke Manufacturing , CV2

Friendly Videos 82

Global Engineering , , 16

193 Global Specia lties 3

Grantham College , , 18

86 Heathkit , 14

ISCET 85

127 Deco Industries . , 46

186 Electronic Goldmine 90

Electronics Book Club 32

M.e.
VISA

INFORMATION(402)554-0417
Orders Call Toll Free

1-800-624-1150
M.D. ELECTRONICS
115 NEW YORK MALL
SUITE 133E
OMAHA NE. 68114

*NEW STARGATE 2000
CABLE CONVERTER

1-$89.00 10-$69.00 reo-can
Last chann el recall- Favorite channel select­
75 channe l-Channel scan -Manu al fine tune-
One year warranty-surge protection·HRC & Stand­
ard switchable- and much more. ,

CABLE TV
DESCRAMBLERS

10 Lot
JERROLD"'Tri·Bi Mode.SI05,00 S85,00
JERROLD'" SB-3 OR 2 S89,00 S65.00
HamlinMLD·I 200....... S99.95 S6200
OakN·12WN .s .."...... S99.95 S6200
Oak·M-35-BWN .S...... S99.00 S78.00
OAK E·l3. ................ S99.95 S58.00
Zeni th SSAVI............. S185,00 SI45.00
E.gle!'D·L............. SI20.00 S85,00
Scientific M ma "........ S129.95 S105,00
SA·Combo',.............. CALL SCalI
Tocom..................... S350.00 S295.00
OakN·12WI Auto....... S140.00 SI05.00
JerroldStarcom CSV.... S139.95 Call

(f)
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I­
o
W
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Couni:ersurYeillance

No. of Casserrcs ordered _
Amount of payment 5 _

Bill my D VISA D MasrcrCnrd
Card No . _

Expire Da ce 1_ _

Please rush my co py of the Counrersurveillaocc Techniques
Video VHS Cassett e for 549.95 plus 54 .00 for postage and
handl ing .

Signat ure _
Name _
Address _
City Stare ZIP _

T he D oll ar s You Save
To obtain the information cont ained in

the video VH S cassette , you would atte nd
a professional seminar cost ing $35 0-7 50.
and possibl y pay hundreds of dollars more
if you had to travel to a distant city to
atte nd . N ow, for only $49 .95 (p lus
$4 .00 P&H ) you can view Countersur
ueillance Techniques at home and take
refresh er views often . To obtain your
copy, complete the coupon below.

All payments in U.S.A. funds . Canadia ns add 54 .00 per
VH S casse tte. N o foreig n o rders. New York Sta te res idents
add app l icable sales tax .

--------------------------~

r--------------------------
RADIO· ELECTRONICS VIDEO OFFER RE
500· B Bi-Couory Blvd.
Farmingdale, NY 11 7., 5

Foiling In form ation Thieves
Di scove r the targ ets profess io na l

snoopers seek out! Th e prey are stock
brokers, arbitrage firms, manufacturers,
high-tech co mpa nies, any com pet it ive
industr y, or even small businnesses in the
same community. Th e valuable informa­
tion they filch may be marketing st rat­
egies, customer lists, product formulas,
manufacturing techni ques, even adver­
t ising plans . Informat ion thieves eaves­
drop o n cou rt dec is ions, b idd in g
inform at ion , financial data . Th e list is
un limited in th e mind of man - es­
pecially if he is a thief!

You know th at the Ru ssians secretly
installed count less microphones in the
concrete work of the American Embassy
building in Moscow. T hey converted
what was to be an embassy and pr ivate
residence int o the most sophist icated re­
cord ing st ud io the wo rld had ever

Never before has so much professional infor­
mation on the art of detecting and eliminat­
ing electronic snooping devices-and how
to defend against experienced informa-
tion thieves-been placed in one VHS -e, , t
video. If you are a Fortune 500 CEO, an <~~oc " ---' ' I

executive in any hi-tech industry, or a ~r' , . (fN.~~~· ~..
novice seeking entry into an honor- ') ' , ! 1\ f{;<:>Y _
able, rewarding field of work in '" / . '>.. /~:JB ) <-~-- / ..
countersurveillance, you must I • /"

view this video presentation l~~ >".. =kt~-- ~ . .. . (J,/'/ '"
again and again. " ,~":..:. <,'<., ;.~~ ,

ORDER LlNE-1-800-522-6260 ' " y~

W'ake np! You may be the vict im of '?~
sto len words-precious ideas that would ~~ /
have made you very wealth y! Yes, profes- known . Th e building had to be torn Th e professiona ls viewed on your tele-
sionals, even rank amateurs, may be lis- down in order to remove all the bugs. vision screen reveal inform at ion on the
tening to yo u r most p riva te co n- latest technological advances like laser-
versat ions. Stolen Information beam snoopers that are installed hun -

\Vake np! If you are not the vict im, Th e open taps from where the informa- dreds of feet away from the room they
then you are surrounded by countless vic- t ion pours out may be from FAX's, com- snoop on. Th e professionals disclose that
rim s who need your heip if you know how purer communicatio ns, teleph one calls, computers yield inform ation too easily.
to discover teleph one taps, locate bugs, or and everyday bus iness mee t ings and Thi s advert isement was not written by
"sweep" a room clean . lunchtime encounte rs. Businessmen need a counte rsurveillance professional, but by

Th ere is a thriving professional service counselling on how to eliminate thi s in- a beginner whose only experience came
steeped in high -tech techniques that you formation drain . Basic telephone use cou- from viewin g the video tape in the pri-
can become a part of! But first , you mu st pled with the users understanding that vacy of his home . After you review the
know and understand Countersurveilance someone may be listening or record ing video carefully and understand its con-
Technology. Your very first insigh t into vital data and inform ation greatly reduces tent s, you have tak en the first imp ortant
this highly rewarding field is made possi- th e opportunity for others to putloin step in either acquiring professional help
ble by a video VH S present ation th at you meaningfu l inform ation . with your surveillance problems , or you
cannot view on broadcast television , sat- Th e professional discussions seen on may very well consider a career as a coun -
ellire, or cable. It presents an informative the T V screen in your home reveals how tersurveillan ce professional.
program prepared by professionals in the to detect and disable wiretaps, mid get
field who know their industry, its tech- radio- frequency transmitters , and oth er
niques, kinks and loopholes. Men who bugs, plu s when to use d isinformation to
can tell you more in 45 min utes in a confuse the unwanted listener, and the
straightforward , exclusive talk th an was techni qu e of voice scram bling releph one
ever attempted before. communications. In fact , do you know

how to look for a bug , where to look for a
bug, and what to do when you find it ?

Bugs of a very small size are easy to
bui ld and they can be placed qui ckly in a
matter of seconds , in any object or room .
Today you may have used a telephone
handset that was bugged . It probably
contained three bugs . O ne was a phony
bug to fool you int o believing you found a
bug and secured the telephone. The sec­
ond bug placates th e investi gato r when
he finds th e real th ing ! And the third bug
is foun d only by the professional , who
cont inued to search just in case there were
more bugs .

Th e professional is not without his
tools . Special equipment has been de­
sig ned so that the professional can sweep
a room so that he can detect voice-acti ­
vated (VOX) and remote-act ivated bugs.
Some of th is equipment can be operated
by novices, others requ ire a trained coun­
tersur veill ance professional.

CALL TODAY TO ORDER 1-800-522-6260
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On the line, on the bench,
or on the road. The low­
cost solution is Tek.
Do you debug thedesign? Verify theproduction run? Service the
finishedproduct?Then for low-cost solutions built for your application,

there's only oneplace to go.
Tek's 2200 Series oscilloscope

family.
There aretenscopes inthe 2200

Series, from 20 to 100 MHz and $695
to$5495.And three ofthem demon­
strate functional power atitsbest:
the 100 MHz 2232, 50 MHz
2211, and 100 MHz 2245A.

If you can't afford to
miss a thing,get the

___________..............~ 2232 digital storage
oscilloscope.

With100 MS/s sampling, tennanosecond glitch
capture,waveform cursors, a 4K recordlength
and30K ofbattery-backed memory, itmakes
routine work ofproblems other scopes can'teven see.

For the best performance value indigital storage, trytheTek 2211.
Itoffers a standard hardcopy interface, measurement cursors, 20 MS/s

sampling anda 4K record length perchannel, plus digitaVanalog ope-
ration - allfor only$2695. 1'"~"""""''''''''''il'=''''~--:---~

And for the ultimate inlow-cost troubleshooting:
the $1995 2245A. It's a 100 MHz real-time scope
with auto setup, cursors, four independent channels,
dual time bases andmore.

So ifyou want thebestlow-cost solutionon the
line, on the bench, oron theroad with you, just get
on the phone.

And callyour local Tek representative today.

It'sonus. Purchase a 2232, 2211, or2245A byOctober 15,
1990andyou canreceive a $345 digital

multimeter free!*
The CDM250 measures

current,voltage andresistance,
has overload protection andis
ill certified.To getyours, contact

your localrepresentative ordistributor and place your order with
Option 4X. OrcallTek direct at:

1-800-426-2200 Ext, 225


