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8New Meters.8Old,Fashioned Values.
Introducing Fluke's 70Series II, next­
generation multimeters that meet the
increasing demands ofyour job andyour
budget.
Consider. At thetopof the line, the new Fluke
79 and29 deliver more high-performance
features - capacitance, frequency,afast 63­
segment bar graph,Lo-Ohms range, Smooth­
ing™, faster ranges -than DMMscosting
much more.
At theentry level, the new model 70, Fluke's
lowest-pricedDMM ever, deliversunparalleled
Flukequal ityataprice comparable to"dispos­
able" meters.
And inbetween are al l the modelsthat have
madethe70 Series the most popular DMM
family intheworld- updated, refinedand
deliveringevenmore valuethanever.

"BASICS"REDEFINED
No mailer which70 Series II youchoose, you
get simple,one-handed operation. High
resolution.And bui lt-in, go anywhere reliability.
AutomaticTouchHold" - standard on every
model-locks the read ing on the display and
signals you with abeep, automatically updating
for each new measurement without areset.
Leavingyou free to concentrate on your work,
not on your meter.
YOUR BESTCHOICE
Best of all , every 70 Series II isaFluke, backed
by aworldwide service network and an industry­
leading3year warranty.
So thenext time you're in the market for anew
meter,ask for theone that guaranteesold­
fashioned value. Fluke70Series II. For more
informationcall 1-800-6789-L1T. Or call
1-800-44-FLUKE,ext 33 for the nameof your
nearest Flukedistributor.
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Fluke 79 Series II & 29Series II
$185"
4000 Counl Digital Display(9999 inHz &-H- )
63segment Analog Bar Graph
0.3% Basic DCVollage Accuracy
Aulomatic Touch Hold'
DiodeTest, Audible Continuity Beeper
Autoranging, Manual Ranging
Holster with Flex Stand ' "
FrequencyCounter toover 20kHz
Capacitance 10pF to9999flF
Lo-Ohms Range with Zero Calibration
Smoothing HI

700 HoursBatteryLile (alkaline)
3year Warranly

79n7f75/73nO lormeasurements to4800 V·A.
29/23/21for higher energy measurements.
"Fluke 70Series IIsuggested U.S. listpricesrange from$69to$185.

John Fluke Mig Co•Inc P.OBox!ml MIS250E Everelt. IVA 98206 US.: 206·356·5400
canaoa 416-89:1-7600 Other Counlnes 206-356-5500 e Copynghl 1991John Fluke Mfg.
Co., Inc.Allrights reserved . Adno,00)91Prices and soecnanons subject tochance
without nolice
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With a 1OO,OOO-voit peak output, this Tesla coil can create 8-inch
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Ever since Nikola Tesla created
the first one about a century ago,
Tesla coils have been popular proj­
ects for electronics hobbyists and
students. There are a couple of rea­
sons for their continued popularity:
One is that they create a dazzling
electrical display, and the other is
that there is much to be learned
about electronics by building a Tesla
coil. Our solid-state Tesla coil is dif­
ferent from the classic one in that
the coupling to the secondary coil is
by a direct electrical connection
rather than by magnetic fields. It's
the same in that it creates a spark as
long as 8 inches and makes an ex­
cellent teaching tool. Tofind out how
to build your own solid-state Tesla
coil , turn to page 33 .
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BUILD AN ENERGY CONSUMPTION MONITOR
Are your electric bills sky-high? Keep tabs on how much your appliances
cost to run with the Energy Consumption Meter.

BUILD A DIRECT DIGITAL SYNTHESIZER
Generate low-distortion sinewaves digitally!
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AN INTUITIVE LOOK AT ELECTROMAGNETIC THEORY
Part 3: The magnetic field.
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Best valuel

Model SC-9000A
03 Wire AC Line Input
o Funct ion Generator
o Triple F\:)wer Supply
08 Logic LED's

Proto-Board Station

Special! $29SO°

Model V·355
019 Calibrated Sweeps
06" CRT - Auto Focus
PROBES INCLUDED!

00.5% Accuracy 0 rxJAC Voltage,DC Current
-Diode & Batte ry Test -Overload Protect ion

DC 500V. AC 350V. Ohms250V rxJAC

SAfE~32~~ 55000

HITACHI Dual Trace Oscilloscope

NOw $59800
.....~~

~~~~~9itLCD Meter

Optional Deluxe Carrying Case Ce-30 $4.50

cS,C9bre...
Feature Packed!
Contemporary Look!

Model
DVM·638

Now Only

$6995

SCOPE Analog Lab

salel NOw $19SO°
Reg $22500

Model SC·6000
05 Free. Ranges
- vartable F\:)sit ive

F\:)wer
o F\:)tentiometer

011 Funct ions
038 Ranges
-Cont lnuit v Beeper
-overloac Protect ion

Opt ional Carrying
Case C4-92 $9.95

Ideal for field applications!
o Light weight - Portable 0Hand Held
- overload Protect ion 0Test Leads

Optional Carrying Case C4-92 $9.95

~~~b~9itLCR Meter
~ '--- - - - - - - - - - - - - ---, r---------------

.000

Rugged& Reliable!I.s5!!£9!!¥·~
08 Functions
037 Ranges

Feature Packedl HITACHI Oscilloscope

NQl$42500 f1al~ _iiirn~!t
Model V-212 Dual Trace
oDC to 20 MHz, 1mVidiv
06" RectangularScreen
PROBES INCLUDED!

Model
DVM-636

Now Only

$5995

Sweep Function Cenerator

Salel NOw ~19800
Reg $319.95

Model FC·801
-selectable Wave
& TTLPulse

07 Free. Ranges
(0.2 Hz to 2MHzl

- sweeo Ratio 100·1

SCOPE Hand Held
Digital Multimeters



WHAT'S NEWS
A review of the latest happenings in electronics.
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ISCET certifies 30,OOOth
technician

When Robert Bruce Bottoms , a
computer technician and evening­
school engineering major, achieved
journeyman-level certification spe­
cializing in computers, he became the
30,OOOth electronics technician to be
certified by the International Society
of Certified Electronics Technicians
(ISCET), Fort Worth, TX. The 28-year­
old United Parcel Service employee
has worked in information services,
industrial engineering, weight and
balance, and programming . Bottoms
also served as project technician for
the introduction of the delivery infor­
mation acquisition device, a hand­
held microcomputer that is replacing
paperwork for UPS drivers .

The computer specialty exam
covers the operation of computer
systems with an emphasis on hard­
ware . Subject areas include basic
arithmetic and logic operations as re­
lated to computer theory, computer
organization, input and output equip­
ment, and memory and storage ;
knowledge of software, program­
ming, and troubleshooting is also re­
quired. The computer exam , and
others offered by ISCET, have be­
come the standards by which deal­
ers, manufacturers, and government
agencies distinguish the most knowl­
edgeable technician from the rest. To
become a member of ISCET, techni­
cians must pass the basic CET exam .
Other certification exams are offered
by ISCET in such specialty areas as
consumer, industrial, communica­
tions, FCC Legal, computer, audio,
medical, radar. and video electronics .
Information about ISCET is available
from ISCET, 2708 West Berry Street,
Fort Worth , TX 76109.

Semiconductor process
precisely controls crystal
growth

An experimental process de­
veloped by Bellcore CRed Bank, NJ)
has produced aluminum gallium arse­
nide crystals that are compositionally
ten times more precise than any pre­
viously reported . The process offers
the first practical method to monitor

and control the growth of compound
semiconductor alloys-which could
significantly increase a manufac­
turers' ability to mass produce com­
pound semiconductor devices and. in
turn . reduce prices .

Bellcores approach uses optical
signals to provide information about
the chemical development of a crys­
tal surface while the crystal is being
grown, instead of analyzing crystal
growth after the process is complete,
as in current fabrication techniques.
Ellipsometry. an optical technique
that bounces light off a crystal 's
emerging surfaces, reveals intricate
details. Findings are instantaneously
fed into a computer and analyzed.
Within seconds , the computer uses
the information to regulate the flow of
materials into the growth chamber, so
that small errors in material composi­
tions are corrected as they occur. The
Bellcore research team calls the sus­
tained precision level of 0.1 % that
they have achieved "an important
milestone in the quest for con­
sistently perfect' aluminum gallium
arsenide crystal structures."

.... .
BELLCORE RESEARCHER BILL QUINN
grows aluminum gallium arsenide crys­
tals for use in semiconductor materials
and devices, using an experimental pro­
cess that corrects small errors in material
composition as they occur, resulting in
the world's most precise crystals.

American technological edge
over Japan?

According to the results of a Gallup
survey reported in the April, 1991 is­
sue of IEEE Spectrum, a sampling of
U .S . electrical engineers believes
that the United States holds a tech ­
nological edge over Japan in many
areas. The report summarizes a sur­
vey of a cross section of 150 IEEE
(Institute of Electrical and Electronics
Engineers) members consisting of 50
each from government, industry, and
academia . The survey, commis­
sioned by Japan 's financial daily pa­
per, Nihon Keizai Shimbun, asked the
engineers questions regarding areas
in which the United States holds the
technological edge over Japan now
and whether it is likely to in the future .
The respondents perceived America
to be currently ahead in nine out of
twelve areas: space/aviation, medi­
cal/pharmaceutical , software, bio­
technology, workstations, supercom­
puters , personal computers, semi­
conductor microprocessors, and new
industrial material. Japan led in con­
sumer electronics , semiconductor
memory, and fifth-generation com­
puters . A large majority of the engi­
neers polled expected the U.S. to
maintain its lead in those nine areas,
despite some anticipated slipping in
biotechnology and fifth-generation
computers .

Those results contrast with recent
studies by the U.S. Department of
Commerce and the Council on Com­
petitiveness, which suggest that the
U.S. 's current lead in technologies
will be usurped by Japan by the year
2001. However, the article points out
that some of the discrepancies be­
tween studies can be explained by
the fact that a technological lead "is
not invariably the best indicator of
marketplace success."

Asked where future technological
priorities should be placed , the engi­
neers supported the development of
natural energy sources (91%), optical
lC's (83%), anti -cancer medication
(83%) , medication for Alzheimer's
disease (80 %), one-billion-bit dynam­
ic RAM chips (79 %), and high-speed
surface transportation (79 %). R-E



Some Breadboards Cost Less
Than PROTO-BOARD®brand

... . They Should.

. '" an'nterplex
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companyA031

GLOBAL SPECIALTIES·
70 Fulton Terrace, New Haven, CT 06512
© 1991 Interplex Electronics
All Global Specialties" breadboarding products
are made in New Haven Ct.

Can't Wait!
Call Toll-Free
1-800-572-1028

by our unconditional "Life-Time" guarantee.

At Global Specialties" we make only one kind of The others, they arrive from Taiwan. With good
breadboard, the very best, PROTO-BOARD® brand. reason, they are made cheaper!
American made and guaranteed for life. So next time you consider a cheaper breadboard ,

Sure, save a few dollars today...buy cheap ...but think twice. You'll need too, because even after you have
remember , you only get what you pay for! Is it really worth worn out your second imported
it??? AskyourselLDotheyperformlike PROTO-BOARD® breadboard our PROTO­
brand? Are they as reliable? Will they last like a PROTO- BOARD®brand would have still
BOARD®brand? been going strong.

How can we guarantee PROTO-BOARD®brand PROTO-BOARD® brand.
breadboard for life unconditionally? Because we control The breadboard you only buy
every step right in our New Haven factory, and because once. Now which one really
we are obsessed with quality . cost less?

That's why we mold our own plastic and stamp our PROTO-BOARD® brand
own precision contacts. We even designed our own breadboards and the complete
machine to assemble each breadboard to exacting stan- Global" line of test instruments
dards . Assuring every PROTO-BOARD®brand is built to are in stock at fine electronic
perfection when it leaves our USAfactory.....backed distributors everywhere.

Gl
GLOBAL

SPECIALTIES®
CIRCLE 190 ON FREE INFORMATION CARD



NEWS
Whafs new in the fast~changing video industry.

DAVID LACHENBRUCH

• Widescreen TV for U.S. TV
sets with the w idescreen 16:9 ratio
are on sa le in Euro pe, w it h both
Thomson and Phi lips introduc ing
models (Radio-Electronics, June
1991), but both companies have bee n
re luctant abou t co mmi tt ing th em­
se lves to introd uce a similar product
in the United States because of a lack
of program material. Now it appea rs
that the Japanese man ufacturers
have no such hesitancy, and we could
see direct-view or projec t ion sets­
or both-wit h 16:9 pictures before
the year is over.

The firs t company to commit to in­
troducing a widescreen TV set here
was JV C , whic h showed a prototype
with a 34 -inch tube at the Summer
Consumer Electronics Show in Chi­
cago . JVC didn't give any marketin g
date except "soon ," but its off icials
stressed that they were showing an
act ual product ion model, not a pro­
totype . Like the Euro pean w ide­
screen sets , it wi ll accommodate a
number of picture mo des and
sources. For example, it wi ll show a
" Ietterboxed" mov ie from tape or
disc full-screen and in proper dimen­
sion . With a conventiona l 4:3 picture
source, it can magn ify the image to
full widescreen by cutti ng off a sma ll
portion of the top and bottom, or it
can show it as a 4 :3 picture leaving
part of the screen blank. Under the
latt er arrangement, it can occupy the
unused part of the screen w ith a
group of pictures from other channels
C'picture outside pict ure").

A race may be shaping up in Japan
to introduce the first non-HDTV wide­
screen TV set, with Toshiba and Mit­
subishi said to be ready to introduce
sets with 16:9 ratio tubes and Hitachi
planning a production mode l. The the­
ory beh ind the industry's sudden in­
terest in w idescreen pictures with
standard reso lutio n is that even when

CfJ HDTV comes it w ill be at least 10oz years before it dominates the market,
~ and in the meantime widescreen re­
b ceivers wi ll become popular as inter­
~ im devices .
w
6o • LCD projectors. Projec tion TV
C? sets using liquid crysta l devices as

6

shutters are gett ing be tter all the
time. Sharp has introduced an indus­
trial projector w ith about 650,000 pix­
el reso lutio n (at an $8,000 list price)
that finally appea rs to have achieved
satisfactory picture quality.

No soo ner had Sharp's mode l ap­
peared th an Phili ps announced its
own mode l with about the same reso­
lution but with many new features. It
actually uses the same Sharp-made
LCD's, but it w ill be priced around
$6,000-$7,000 and aimed at com­
mercial and industrial customers as
we ll as high -en d " ho me th eat er"
buyers, acco rding to Philips.

The Philips set, to be made in Hoi­
land and so ld in the United States
under the Magnavox brand, is a TV
se t co mplete w ith tun er-unli ke
other companies' monitor-only sets,
which requ ire V CR 's or other ou t­
board tuner sys tems. It emp loys a
Philips-developed metal-halide lamp
as its light source . The lamp is user­
rep laceab le, and an ext ra lamp is
packed in the projector. The lamp life
is claimed to be 2,000 hours, and the
on-screen graphics includ e a count­
dow n telling the amount of life left in
the lamp. Wh en there are only 50
hours to go, a warning signal appears
on the screen .

The picture projec ted by the Philips
unit may be reversed or turned up­
side-down for incorporation in rear­
project ion systems . An inte rest ing
feature is the capability of po int ing
the wi reless remot e co ntro l at th e
scree n instead of the projector, be­
cause of the light co llecto r and ampli­
fier built into the unit. The projector,
weigh ing 38 pounds, has a built- in
"convenience speaker" as wel l as a
10-watt- per-channel amplif ier for re­
mote stereo speakers which can be
placed at either side of the screen . In
the future, Philips plans a 16:9 wide­
sc ree n vers ion, and eventually the
compa ny predicts a set abo ut th e
size of a VCR. Maximum pictu re size
is about 100 inches diagonally.

• Trumping Sony's ace. So ny
thought it had everything lined up. It
was ready to introduce a new CD­
ROM -based interactive mult imedia

fo rmat ("Super D isc") and had
reached an agreement w ith Nintendo
for So ny to supply hardware that
wou ld also be compatible with Nin­
tendo's 16-bit Super Nintendo Enter­
ta inment Sys te m (SN ES) , and
pres umab ly Nintendo and its so ft­
ware licensees wo uld support the
Sup er Disc form at w ith C D-ROM
games . But Sony rece ived a major
surprise when Nintendo announced it
had teamed up with Philips in a deal
under which Nin tendo wi ll deve lop
softwa re based on the CD-ROM-XA
format , which is compatible with Phi­
lips' Co mpact Disc-Interact ive (C D-I)
format, and Philips will develop a low­
cos t CD-ROM-XA drive for SN ES.
Sony was complete ly flabbergasted
when Nintend o anno unced th at it
wo uld not suppo rt the Sony sys tem
with software, and that "We wi ll not
cooperate with So ny." At our dead ­
line, Sony, Nintendo, and Philips were
in intensive negotiations to .reso lve
the three-way dispute.

• Dual-deck VCR setback. Go ­
Video, th e Phoenix, AZ co mpany,
which sel ls a dual-deck VCR and
whic h sued ma ny Japanese and
Korean manufacturers alleging con­
spiracy not to supply it with parts or
complete equipme nt, dec isively lost
it s first round in federal co urt. A l­
though most of the original defen­
dants sett led with Go -Video to avoid
co rr.ing to co urt, So ny, JV C , and
Mats ushita refused to settle and pre­
cipitated a court batt le involving a jury
trial. A lthough the trial in Phoenix last­
ed two mo nths , the eight- me mber
jury took just three hours to decide
that there had been no conspiracy to
keep Go-Video out of the dual-deck
VCR market. Go-Video , which had
so ught at leas t $500 million in
damages , said that it wo uld appea l
the dec ision.

Meanwhile, the Go-Video VCR-2
dual-deck VCR was reduced in price
f ro m its o rig ina l $1,000 to about
$700, and its five-year warra nty re­
duced to one year. Go-Video Chief
Executive Off icer Terren Dunlap testi­
f ied that th ey so ld about 16,000
decks in the first 11 months. R-E
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needed to workwithstate-of-the-art
equipmentof today and tomorrow.

New Courses!
CIE now offers twonew career courses:
Automotive Electronics and Computer
Operationand Programming.

Clf offers you anAssociate Degree.
One of the best credentials you can have
in electronics- or anyother ca reer field
- is acollege degree. That's whyCIE
offers anAssociate in Applied Science
in Electronics Engineering Technology.
And all CIEcareer courses earn credit
toward your degrees.

Which Clf training fits you?
Beginner? Intermediate?Advanced?
CIE homestudycourses are designed
for ambitiouspeopleat all entry levels.
Peoplewho have: No previous
electronicsknowledge, but do have
an interest in it; Some basic knowledge
or experience in electronics; In-depth
workingexperienceor priortraining in
electron ics.

At CIEyoustart where you fit and
feelcomfortab lewhere you start, then go
onfrom there to your Diploma, Associate
Degree and caree r!

Today isthe day. Send now.
Fill in andreturn thepostage-paid card
attached. If someambitiousperson has
alreadyremoved it, cut outand mail the
coupon below. You'll geta FREE CIE
school catalog, plus complete informa­
tion on independenthome study. Mail
in thecoupon below or, if you prefer,
call toll-free 1-800-321-21 55 (in Ohio,
1-800-523-9109).

CLEVELAND
INSTITUTE OF
ELECTRONICS, INC.

Age __ A rea Code/Phon e No .'----- ) _

Print Na me _

Address - - - - -------- --

Chec k box for G .l. Bulletin on Educati on al Ben efits 0 Veteran 0 Ac t ive Dut y

C ity St ate Zip - __

1776 East 17th Street» Cleveland, Ohio 44 114 · (216) 781 ·94 00

besure it will be reviewed, graded and
returned with theappropriate instruc­
tionalhelp, you get it fast and in writing
from the faculty technical specialist best
qualified to answer your question in
terms you can understand.

Pick the pace that's right for you.
CIE understands people need to learn at
theirown pace. There's nopressureto
keep up...noslowlearners holdyouback.
If you'rea beginner, you start with the
basics. If you alreadyknow some electro­
nics, you moveahead toyour ownlevel.

"Same Day"
grading cycle.
When we
receiveyour
lesson , we
grade it and
mail it backthe
same day. You
find out quickly
how well you're
doing!

State-of-the-art
laboratory
equipment.
Somecourses
featurethe CIE
Microprocessor

Training Laboratory. An integral part of
computers, microprocessor technology
is used in many phases of business,
including service and manufacturing
industries. The MTL gives you the
opportunity to program it and interface it
with LED displays, memory devices and
switches. You'll gain all theexperience

Because we're specialists we have to
stayahead.
At CIE we havea position of leadership
to maintain . Here are justa few of the
ways we hang onto it...

Programmed Learning.
That's exactly what happens with CIE 's
Auto-Programmed l.esscns", Each
lesson uses famous "programmed
learning" methods to teachyou import­
antelectronicsprinciples. You explore
them, masterthem completely, before
youstart to apply them. You thoroughly
understand eachstep before you go on
to the next. You learn at your ownpace.

And, beyond theory, somecourses
comefully equipped with electronics
equipment to actually letyou perform
hundreds of hands-onexperiments.

Experienced specialists work closely
with you.
Even though you studyat home, CIE's
faculty and staff stand readyto assist via
CIE 's toll free number.And , eachtime
you return acompleted exam youcan

Why take chances in
todav's job market?

Graduate as a fully trained electronics professional.
Toget ahead and stayahead in today's
economy, you need the electronics
training CIE has been providing its
150,000-plus successful graduates
withfor nearly 60years.

Meet the Electronics Specialists.
When you pickanelectronics school,
you'regetting ready to invest time and
money. And your wholefuturedepends
ontheeducation you receive in return .
That'swhy it makes so much sense
to gowith number one... with the
specialists... with CIE!

There's no such
thing asa bargain
education.
If youtalk to some
of ourgraduates,
and werecom­
mend you do,
chances are
you'd find a lot
of them shopped
around for their
train ing. Notfor
the lowest priced ,
butfor the best
training available.
They pretty much
knewwhat was
availablewhenthey picked CIE as
numberone.

L ~
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Your most complete source for electronics books
for over 25 years.
An Absolutely No-Risk Guarantee.

Membership Benefits • Big Savings. In addition to
this introd uctory offer , you keep saving substantially with
members' prices of up to 50% off the publishers'
prices. • Bonus Books. Starting immediately, you will be
eligible for our Bonus Book Plan, with savings of up to 80%
off pub lishers' prices . • Club News Bulletins. 15 times
per year you will receive the Book Club News, describing
all the current selections-mains, alternates, extras-plus
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 automat ical­
ly. If you prefer another selection, or no book at all, simp­
ly indicate your choice on the reply form provided. You will
have at least 10 days to decide . As a member, you agree
to purchase at least 3 books within the next 12 months
and may resign at any time thereafter. • Ironclad No-Risk
Guarantee. If not satisf ied with your books, return them
within 10 days without obligation! • Exceptional Quality.
All books are quality publishers' editions especially
selected by our Edito rial Board . (PubHshers ' Prices Shown)

All books are hardcover unless number is followed by a " P" for paperback.
© 1991 ELECTRONICS BOOK CLUB, Blue Ridge Summit, PA 17294-0810

. .......•... •........•.....•.•.......•..•....... ..··•

o YES! Please accept my membership in the Electronics Book Club and send the 5
volumes listed below, billing me $4.95. If not satisfied, I may return the books within
ten days without obligation and have my membership cancelled. I agree to purchase
at least 3 books at regular Club prices during the next 12 months and may resign any
time thereafter. A shippin g/handling charge and sales tax will be added to all orders.

•

Name ~ _

Address _

City _

State Zip Phone _

Signature _
Valid for new members only. Foreign applicants will receive special ordering instructions. Canada must remit
in U.S. currency. This order subject to acceptance by the Electronics Book Club. RE991 •
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ASK R-E
Write to Ask R-E, Radio-Electronics, 500-B Bi-County Blvd., Farmingdale, NY 11735

LISTING 1

LED TROUBLES
I'm currently working on a proj­

ect that pulses some bright LED's
at a frequency of 300 Hz while
they're rotating to create a

gram can be created wi th any word
processor that has the ability to save
ASCII files. Type in the lines exactly
as shown in Listing 1, end each line
with a carriage return, and be sure to
leave a blank line between the INT 27
and RCX near the end of the listing .
Save the listing in a file named " IN ."

Wh en you've done that. you ' ll need
a copy of the DEBUG program that
came with DOS to turn the listing into
a COM file. Put both the ASCII file
you've called " IN " and DEBUG in the
same directory and, at the DOS
prompt, type " DEBUG " That w ill
produce the program PR_ IND.COM
that you can then run at the DOS
promp t or make a permanent part of
your AUTOEXEC.BAT file.

If you get lots of error indications
on the sc reen after you've run DE­
BUG the most likely sou rce of the
prob lem is the file produced by your
wo rd processor. In order for DEBU G
to take commands from a file (in this
case, the " IN" file you just created),
each line has to be fol lowed by a car­
riage return . Wh en some word pro­
cessors w rite an A SCII file , th ey
include a line feed COAh) along with
each carriage return (ODh), If that's
the way your word processor wo rks,
you'll have to use a different one to
create the file.

The prog ram is too down and dirty
to check whether it' s already res i­
dent, so make sure you don't load it
more than once . Since it takes only
416 byte of DOS memory, the best
way to deal with it all is to auto mate
everything by putting it in your AU TO­
EXEC file and forgetting about the
progra m entirely.

Remember that the program will
wo rk only on the text screen . If you
have some TSR that enables you to
do a scree n dump of a graphics
screen, chances are PR IND won 't
give you an on screen indication that
a Screen-Prin t operat ion is taking
place .

AX, [015A]
[0090],AH
[ 0 09F] ,AL
AX
OS

AX,0707
0 1 2 9
[ BX+SI +0707],OH
AX,3 505
2 1
[ 0132], BX
[ 0134 ],ES
OX ,0102
AX,2505
21
OX,01 5C
27

OS, [ 0 158 ]
BYTE PTR [ 8090],77
BYTE PTR [809 F], 7 7

0000:0000

OS, [ 0 1 58]
BYTE PTR [80 90 ], 77
BYTE PTR [ 809F],77
AH, [ 0 090 ]
AL,[009F ]

015C
OS
AX

[015A] , AX
AX ,777 7
AX , 70 70
0153

AX,7070
[0090] , AH
[009F],AL

reader with a DOS-based computer) ,
can download the ZIP file from the
bulletin board . For all those who don't
have either a modem or the patience
to deal w ith busy signals, the pro-

RCX
76
N PS INO.COM
W
Q

A
JMP
PUSH
PUSH
CS:
MOV
XOR
XOR
MOV
MOV
CS:
MOV
ANO
CMP
J Z
MOV
MOV
MOV
PUSHF
CALL
CS :
MOV
XOR
XOR
CS:
MOV
MOV
MOV
POP
POP
I RET
MOV
J MP
AOO
MOV
INT
MOV
MOV
MOV
MOV
INT
MOV
INT

SOFTWARE SOLUTION
A few months back you an­

swered a letter from a reader
named T. Waller who wanted a
keyboard indicator to show that a
Print Screen operation was in
progress. Although he asked for
a hardware solution, I think a soft­
ware solution is better. At first, it
would seem as though putting an
indicator on the screen during a
print-screen operation wo uld
mess up the very display you
were trying to print. Fortunately
IBM uses two bytes for each
screen location (one for the dis­
played character and the other for
the character's attribute) and only
the first one is sent to the printer. I
wrote a small program, PR
IND.COM, that modifies the print­
screen handler by adding code to
the hardware interrupt set up by
the ROM BIOS. When my program
is run, it goes resident and makes
the two bytes in the upper-right
corner of the screen go inverse
video whenever a Print-Screen
operation is taking place. It works
on both color and monochrome
screens and takes only 416 bytes
of memory from DOS. Hardware
is okay for a lot of stuff but bit
twiddling is better for others.-J.
Sprung, San Pedro, CA.

I cou ldn't agree with you more , and
416 bytes is a cheap enough price to
avoid havinq to screw around with
hardware that's usually not only un­
documented, but probably impossi­
ble to deal with as well. In these days
of ASIC's (app licat ion-specific IC 's)
and custom silicon, the amou nt of
hardware diddling you can do is pretty
limited anyway.

I'm putting you r source code and
the COM file it produces on the RE­
BBS (516 -293-2283, 1200,2400,
8ND in a ZIP file called PR IND.ZIP.

~ Your program works we ll and is the
z kind of utility that. afte r you've used it
li a bit. you feel shou ld have been a part
t3 of the computer in the first place .
::J Congratulations on a nice piece of
ui6 work.
o Any reader who wants to use the
~ program (and that shou ld be any
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Five ways to look at 100MHz.
Starting at $2295!

Just check thechoices in ourline-up of
five 100MHz oscilloscopes:
• GPIB Programmability
• Hardcopy Documentation
• 100 MS/s Single-shot
• Automatic Measurements
Name yourapplication, we'llprovide
the solution.

Tek gives you the perfect blend of
modem analog real-time anddigital
technologies in 100 MHz oscilloscopes.
Whether it's hardcopy output from a
fully programmable real-timescope,
automatic measurements specified to
.CXH%, or 100 MHz, 100 MS/s single­
shot performance, no one has the

CIRCLE 92 ON FREE INFORMATION CARD

choices Tek does. To see it all, call
yourTek rep or 1-800-426-2200. The
closer you look, the more you'll
appreciate Tek. I~I 0 .

One companymeasures up.
Tektronix..

CQM M ITTfO TO EXCEUE NCE

en
m
"U
--;
m
$:
OJ
m
:IJ

Co pyright © 199 1 Tektronix. Inc . All rights reserved. BOB-1 37· 1 13



CIRCLE 86 ON FREE INFORMATION CARD

Heath Company
Marketing Dept. 020·090
Benton Harbor, MI 49022
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FIG. 1- TO ISOLATE THE TONE decoders
from the LED's you can use a resistor!
capacitor combination on each of the 567
power inputs. The resistor isolates the
power input to the 567 from the main sup­
ply rail and the capacitor provides an en­
ergy reserve when the LED's cause a
voltage droop.

stroboscopic effect. The circuit is
battery powered , remote con­
trolled, and uses CMOS 567 tone
decoders to toggle a latching re­
lay that connects the 300-Hz
CMOS 555 oscillator and the
LED's to power. Everything works
fine until the LED 's are con­
nected. As soon as they light, it
causes a voltage spike that
makes the 567's trigger wildly.
I've tried using voltage regulators
and different sized filter capaci­
tors at various points in the cir­
cuit but haven't had any luck. The
power source is limited to five
AA's; is there an answer to this
problem that won't cost more tuati ons in the circuit still make the
than a few milliamps?-D. 00- 567's go nuts, you'll have no choice
nofrio, Cleveland, OH but to try the ultimate solution . It

The reason that you 're havinq prob- takes some circuit design and a few
lems with-Uie circuit is that tne 567's, - ext ra co mpon ents, 6utUiere's no
and other phase-locked loops as well , doubt it' ll so lve your problem .
all use internal voltage-controlled os- Since the reason you' re havlnq the
cillators (VCO's) to generate the sig- problem in the first place is that 567's
nal s they nee d for freq uency are turned on at the same time the
detect ion. Alt hough they're pret ty irn- LED's are being turned on, you can
mune to gradual shifts in the supply make the circu it work prope rly by
vol ta ge, sudd en swi ngs usu al ly making sure that the two things never
cause them to los e lock and that happen together. The 567's should
plays havoc with their out put sta tes . be off when the LED's are on and on

The only way to keep that from only when the LED 's are off .
happening is to regu late the voltage The idea of strobi ng power is a
supply to the chips themselves . The standard way of reducing the power
st andard so lution would be to run requiremen ts of a circuit. Basically it
them at a lower voltage. Since you'll means you provide power only to the
always have at least six volts available components you need. In your case, I
from your five-battery supply, you w oul d add circ ui t ry that applie s
might try one of the small, "L" suffi x power only to the 567's when the
regulators from Nat ion al Semicon- output of the 555 osc illator is low.
ductor to provide a steady supply for Sinc e the rest state of your des ign
the tone decoders. They're packaged shows that the 555 has a low output,
in TO-92 type cases , use only a few th e 567's would be con stantly
milliamps, and can easily power the powered w hile the relay is open and
CMOS 567's. intermitt ently powered on when the

Since the key to making your cir- relay is closed (and the 555 is causing
cuit work reliably is to isolate the tone the LED 's to light on and off),
decode rs from the current deman ds All you need to make that happen
of the LED's, you might be able to is a single trans istor swi tc h with the
achieve that by using a resistor/ca- base controlled by the output of the
pacitor combination on each of the 555 and the power to the tone de-
567 power inputs . As you can see in coders take n from the collector.
Fig. 1, the resistor isola tes the power Since the current requirements of the
input to the 567 from the main supply 567 are so small , you can probably
rail. You'll be able to use a fairly large get by with one of the small-signal
resistor since the CMOS 567' s run transi stors like the 2N2222 or an
on flea power. An initial value of about equivalent PNP part .
150 ohms is a good starting poin t. Either of the two methods Gsolat-
The capacitor is there to provide an ing the 567 supply and strob ing the
ene rg y reserve w hen t he LED 's power) may be th e answer yo u're
cause a vo ltage droop and a goo d looking for. Try the resistor and ca-
start ing value here wo uld be some- pacitorfirst and, if that doesn 't do the
where around 100 1-lF. trick, t ry adding the transistor and

If all this fails and the voltage flue- rewiring the circuit. R-ECL·807R1

Home Automation
from Heath;'----
the catalog

that has it all...

HO,*,E
!\UJ~ATION

1-8IJO.44-HEATH
(I..acJCJ..4443284)

Enter the world of
Home Automation. Remote

lighting and appliance controls.
Security alarms and lighting.

Automated thermostats.
Video monitoring systems.

Whole-house security systems.
They're allyours in the Heath
Home Automation Catalog. To

receive your FREE copy,
call today toll-free.
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o 1fl!)llIewleu ·Pockard Co.Tl\IN,JDI03IRE

In a de power supply.
Now, put a depend able, 30-watt de
power supply on your bench for
just $300 '!: You'll get the low
noise your work demands (200 IlV
rms) , Constant-voltage or constant­
current ope ration. And built-in
reliabi lity ensured by conserv ative
design margins and rigorous
environmental testing.

Outstanding value in a de power
supply. It's just one in a full line
of basic instruments developed
by HP to give you uncompro­
mis ing performance at an
affordable pri ce.

• To order, call lIP nmsor;
1-800-538-8787, Ext.TW13.

We'll ship your order the day it's
received . Ins truments come wi th a
sixty-day, money-back guarantee .
All you need is a 1- v.:"~ 1VISA' I Mastercard II

company purchas e l"---XJI
order or credit card. .

HP30-watt E3610A E3611Apowersupplies

i I Range 1 8V,3A 20V,1.50A

o I Range2 15V,2A 35V,0.85A

load or line
0.01%+2mVregulation

Ripple and noise
200~V rms12 mV pop(10Hz·l0 MHz)

• US, list price

There is a better way.

r/i~ HEWLETT
~1:.tI PACKARD

(J)
m
iJ
-irn
~
OJ
rn
JJ

CIRCLE 189 ON FREE INFORMATION CARD
15



· LETTERS
Write to Letters, Radio-Electronics, 500-B Bi-County Blvd., Farmingdale, NY 11735

HIGH-END HOOPLA
I've fol lowed w ith interest the co n­

troversy that Larry Klein init iated in
Audio Update, in the December 1990
issue of Radio-Electronics with
his piece on ," t ransfer functions."
After reading Joh n Atkinson's nega­
tive response to Klein's po ints in the
March Letters co lumn, I decided to
read an issue of Stereophile to get a
better hand le on the fuss . After so
do ing, I think that magazine wo uld be
better tit led (to borrow a phrase from
Hunter Thompson) Fear and Loathing
on the High-End Trail. A partia l list of
the things their staff doesn' t like in­
cludes the fo llow ing items: The Aud io
Engineering Society, Stereo Review,
audio frequency modu lation v ideo re­
corders, C D players, and the Voice of
Reason .

If there is one key issue that sepa­
rates high-end aficionados from .more
sensib le audioph iles, it is the impor­
tance of frequency response . As ide
from such factors as amp lifier power
and speaker power-handling capacity,

in the automobile industry, today we
wou ld be driving around in all-electric
cars powered by super batteries or
capacitors that can be charged in 10
minutes . Everyt hing in the car would
be controlled automatically by so lid­
state electronics .

However, there is not enough profi t
in trouble-free, non-po lluting elec tr ic
cars . The manu facturers prefer to
give us the same old box on wheels
that Grandpa drove, w ith the same
old gasoline eng ine that needs oi l
changes and ant ifreeze, tuneups and
lots of repa irs . The more complicated
they ca n make t he car, t he more
money they make.

It's t ime for something better. Tell
your congressman to outlaw the air­
po llut ing , oi l-dependent, gasoline­
powered automobi le, so the man­
ufactu rers wi ll be forced to give us
c lean , mo de rn e lectric cars . Th e
sooner the better.
TOM ANDERSON
The Electric Automobile Clubs of
America .
Valley Forge, PA

PROFITS OR PROGRESS?
Forty years ago , the first computer

filled a large room, we ighted 30 tons,
and needed 19,000 vacu um tubes in
order to funct ion . Today, a desktop
computer w ith silicon chips instead of
tubes can do anything the 20-ton di­
nosaur did, and do it better. That's
progress!

If we had the same kind of progress

MULTILAYER SOLUTION the sensors. As my theory predicted,
I am an electronics technician in the output at pin 1 is near zero (actu-

the Navy, currently working as an in- ally 0 .052 V) whe n equal vo ltages are
structor in the Navy's miniature/ app lied to R1 and R2 . I have fou nd out
micro-miniature (2M) e lectronic re- from past tests of LM324 's that they
pair program . I read the lett er from V. don't act ually go to zero output. M ine
Deeoh , t itled "Multi layerWoes," that are always 50 mV or so positive, and
appeared in the Ask R-E co lumn in they are also quite non linear in gain in
the June issue of Radio-Elec- that region. I once attempted to use
tronics. The repa ir is possible. In an LM324 as a differentia l amp lif ier
fact, as I write this lett er, I have five wi th inputs quite similar to the com -
students in various stages of per- pass c ircui t (d iffering by on ly rnilli-

J orming such a reoan..lt.requres the ----yolts) . I gave it uRw imarily because of
use of various dental too ls and a ster- the non linea r gain with near zero out-
eo-zoom microscope. It also requires put vo ltage .
a large amount of ski ll and patience . The text says tha t the gain of IC2-b
Of course, the damage wo uld have to is 100, but the res isto rs used w ith it
be isolated before the repa ir cou ld be give a gain of only 10. A lso, the parts
attempted . list is mixed up for the IC list ing.
ET1 (SW) BRIAN K. FOWLER Something is seriously wrong . My
Norfolk, VA lab tests agree wi th my theory, yet

the ' pub lished c irc uit apparent ly
works . Please exp lain.
KENNETH E. STONE
Cherryva le, KS

Mr. Storie's analysis ofcircuit oper­
ation is correct. The circuit will oper­
ate as p ublished if the quiescent
output voltage of IC4 is greater than
that oflC3. That will cause pin 1ofIC2
to assume a positive value and oper­
ate with linear circuit gain.

In order to force the output of IC2
pin 1 to assume a voltage level be­
tween 2 and 3 volts , R4 should be
de leted from the circuit. That wi ll
cause pins 3, 2, and 1 to assume a
nominal voltage of2.5 volts . The volt­
age gain of IC2-b is 10, as determined
by the values of resistors R6 and R5.
The identification of the IC s specified
in the parts lis t is incorrect. IC2 is
LM324N, while IC3 and IC4 are the
Hall sensors.
AN THONY J. CARISTI

ELECTRONIC COMPASS
CORRECTIONS

The "E lectronic Compass" article
(Radio-Electronics, June 1991)
caught my attention, since I wo uld
like to build a device to measure mag­
netic fie ld strengths in the order of
Earth's and less. I thought tha t I might
even use part of the compass ci rcuit­
ry-until I discovered what looks like
a fata l f law.

The artic le says that the Hall Effec t
sensors have a nom inal 2.5-volt out­
put that var ies up or down about 1.3
mV per Gauss, depend ing on the
fie ld direction . Actua lly, t hat isn ' t
stated c learly, but is impl ied and
sounds reasonab le. Thus , the inputs
to resistors R1 and R2 will ideal ly be
identical at 2.5 vo lts in the east-west
orientation . By my concept of idea l
op-arnps, the vo ltage at pin 3 of IC2-a
is entire ly dependent upon the divider
R4-R2, and the vo ltage from IC4 w ill
be about 2.38 V. In an ideal op-arnp,
the vo ltage at pin 2 w ill be the same .

13 The only way that can happen with
z both sensors at 2 .5 volts is for pin 1to
~ be at zero vo lts , but the text says theo voltage w ill be between 2 and 3 volts
~ and the rest of the circuit depends
6 upon it be ing in that range .
D Next, I built that part of the circu it
ri using adjustable supplies to replace
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No Better Probe Ever at this Price!

T IT P I1 9 l78 Brown Deer Road, San Diego, CA 92 121PROBES, INC. Toll Free 1-800-368-5719

so
R-E ~

NOBODY 'S FOOL
I just finished reading the article on

making a laser printer out of a monitor
and a copier (Radio-Electronics,
April 199n It 's a good idea in theory,
but in pract ice you could have a prob­
lem. Some copiers w ill not run with (J)

the lamp removed . If you have that qJ
probl em , you are go ing to have to rri
create a path for the lamp voltage to ~
" fool" the circuit. ~

RICK SCHWILL
Phoenix, AZ

The new Swedish EMF guideli nes
for co mputer monitors (VDT's) are:
• 50 cm (20 in.), 5 Hz-2 kHz: 0.25
J.LT (2 .5 mG)
• 50 cm (20 inJ , 2 kHz-400kHz:
0.025 J.LT (0 .25 mG)
Source: VOT News, Nov./Dec. 1990

Several manufacturers are now
making low-radiation color monitors
for the U .S . market, includ ing all
IBM's made since September 1989
and the new NEC 3D s model. Many
monitors exhi bit low fields already,
and c an b e t e st e d with the
Gaussmete r before purchase .
WILLIAM SNYDER
Rochester, NY

• Economica l
Substantial savings compared to
OEM probes

• 10 Day Return Policy
Guara nteed performance and quality

• Universa l
Works with all oscilloscopes

• Rugged
Flexible cable lasts longer­
Replaceable ground lead

Shown here $
Model SPl50 Switchable Ix-lOx .... 49
Risetime less than 1.5 nsec.

along each of three perpendic ular
axes and the strongest reading used
for analys is. The external co il option
would make th at easier. The field
st rength due to monitors and due to
unbalanced wiring usu all y has a
st rong maximum in one direction . The
more expen sive, professional meters
typi call y use three perpendi cular
co ils (or three Hall- effect devices)
and ele ctronically develop th e true
maximum field.

I would also like to provide some
referen ce point s of EMF f iel d
streng t hs to aug ment th e va lues
given in the art icle. The typi cal unbal­
anced cur rent flow in the center-tap
gro und of a 240-vo lt drop to a house
is 0- 4 amps at 60 Hz. That corre­
sponds to a magnetic field of 0- 2 J.LT
(0-20 milliGauss) at 1 inch from the
current. The current usua lly flow s
down the outs ide wall of the house
and thro ugh the co ld wate r pipe along
the basement ce iling . The quickest
so lutio n to such field s is to move fur­
niture such as beds and cribs away
from the area so that exposure tim e is
reduce d. The current could also be
rerouted by an electri cian with suit­
able copper ground st rapping.

whi ch determine how loud a syst em
will play, much research has shown
that frequency response alone deter­
mines the son ic charac ter of any
given com po ne nt. In 1978, Mark
Davis and his colleagues at M .I.T. re­
duced spea ke r diffe rences to just
two factors : frequency response and
radiation pa ttern (High Fide lity ,
March 198m. All the while , high-end
advocates skirt ed the matter of fre­
quency response , emphasizing in­
s t ea d an endless panorama of
strange, often unmeasurable , aura
and electrical minutiae . (In addition ,
since speakers have the highest lin­
ear distortion of any component in
the chain and since they determine
the sound-radiation pattern, they
have a much greater effect on a sys­
tem's overall sonic quality than any
other s ingle component-another
fact that high-end proponents seem
to anxiously denyD

I personally find it difficult to buy
new and expensive components with
the hope of obtaining more accurate
sound reproduction because I know
from expe rience that I'll be able to
equ alize the old equipment to sou nd
so much like the new that any residua l
differences, usually in the bass re­
gion , wo n't just ify the expen se .
TOM GORDON
Berkeley, CA

USING THE MAGNETIC
FIELD METER

I was happy to see the " Magnetic
Field Meter" project in the April issue
of Radio-Electronics. The meter
allows a quick (and inexpensive) as­
sessment of home and business
magnetic-field conditions for those of
us who are unwilling to wait for U.S.
standards to be established. I have
some additional suggestions regard­
ing the calibration use of such a coil­
bas ed meter.

For both calibration and use , the
orientation of the coil is cr itical. The
single-coil design is sensitive on ly to
fie lds in one of three axes . The " right­
hand rule" gives the relationship be­
tween the direc tio n of field-producing
current flow and the orienta tion of the
co il axis for maximu m sensitiv ity. For
th e ca libration technique shown in
Fig. 6 of the arti cle , the met er pick- up
coil shou ld be at right angles to the
current flow, hence parallel to the axis
of the transmitting coil.

When co nd uc t ing a survey, th e
meter co il axis should be oriente d
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EQUIPMENT REPORTS
R.t. Drake R-8 World Band Shortwave Receiver
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In our younger days, we never had
the means to get the shortwave
equipment that we really wanted .

Our ham shack and shortwave
monitoring setup were functional,
and we did reasonably well, consider­
ing our non-existent budget . But
every visit to a swap meet made our
mouths water. And every magazine
had advertisements of glorious
equipment that we wanted . We knew
that one day,we would own a commu­
nications rece iver from R.L. Drake
(P.O . Box 112, Miamisburg, OH
45342).

We never got a chance , though . In
the early 1980's, Drake dropped
communications receivers to pursue
the satellite-TV business , where
they've done quite well. But now
they 're back in business with the RB,
a world band shortwave receiver re­
engineered from the ground up.

They couldn 't have picked a better
time. Shortwave radio was undergo­
ing healthy growth in the U.S. even
before such dramatic events as the
reunification of Germany, the revolu­
tion in Romania, and the Persian Gulf
war. Even with the instant access to
news that we can get through CNN
and local all-news stations , people
are tuning in to shortwave for some­
thing that is sometimes more difficult
to find : a diversity of opinion . Al­
though broadcast schedules and ad­
vanced taping of shows means that
the news that you hear on the short­
wave bands is often a few hours old,
your chances of hearing a fresh per­
spective are still pretty good. And the
chance of hearing stories not even
covered in our news-saturated media
is even better.

The RBoffers continuous frequen­
cy coverage from 100 kHz to 30 MHz,
which takes in the thirteen world-ra­
dio bands and everything in between.

(/) The table-top receiver mea sures
~ ro ugh Iy 13 x 5 x 13 inc he s , and
~ weighs about 13 pounds . Althougho it's not designed for a mobile environ­
~ ment, the RB does offer a fused 12­
l.\-l volt DC input connector so that you
§. can power the receiver, for example,
C2 from the cigarette lighter in your car.

18

R.L. Drake
is back with a

vengence!

The AC input gives you plenty of op­
tions for world -wide operations: 100-,
120-, 200-, and 240-volt operation
are supported at 50 or 60 Hz.

The front panel is dominated by a
large, backlit liquid crystal display.We
found it to be difficult to read at sharp­
er angles . Head on, however, it's a
delight. The seven-digit display pro­
vides a tuning resolution of 10Hz.

The front panel isn't as cluttered
with controls as many of its com­
petitors. That doesn 't mean , how­
ever, that the RB is short on
features-features that really mean
something when you're trying to cap­
ture the weak signals in crowded
bands. Five receive bandwidths (6, 4,
2.3, 1.8 and 0.5 kHz) are provided .
When you select one of the receiver's
six mopes (AM, FM, CW, RnY, LSB ,
and USB) the RB automatically se­
lects an appropriate bandwidth (1 .8
kHz for RnY, for example) , but you
are free to select another with the
touch of a button. For example, if in­
terference makes it difficult to intel­
ligibly receive AM broadcasts using
the 6-kHz bandwidth , you can reduce
the setting to cut interference.

Synchronous detector
One of the inherent "problems"

w ith sho r twave rec e pti o n-re ­
gardless of the rece iver-is signal
fading due to propagation distur­
bances. To combat fading, the RB
offers a switchable (slow, fast, or off)
AGC or automatic gain control. In
most cases, the AGC does a good

job of keeping the signal listenable.
But even with AGC, fading can cause
distortion . That's where the RB's syn­
chronous detector comes in. A re­
ceiver-generated local oscillator, syn­
chronized in frequency and phase to
the carrie r, is used in demodulating
the signal. World-band listeners will
really appreciate how it can enhance
fidelity by reducing distortion.

A PASSBAND OFFSET control is an­
other reception-enhancing "feature
that deserves mention. It allows you
to electronically shift the receiver 's IF
frequency without disturbing the op­
erating frequency! Thus , in many
cases, you are able to move interfer­
ing signals out of the passband.

The synchronous detector and
passband-offset capability-along
with a tunable notch filter, dual-mode
noise blanker, RF preamplifier for
boosting signals over 5 MHz, and
tone control-all help to dig the tough
signals out of the crowded bands. In
fact, there's not much more you could
ask for. But the RBdoesn 't just offer
superb recept ion capability. It also of­
fers a host of other features .

One hundred memories store not
only the frequency of a station , but
also the complete receiver setup.
Since the memory is stored in
EEPROM, there's no need for battery
backup. Tuning can be done by direct­
frequency entry, tuning the large tun­
ing dial (the faster you turn the dial,
the faster the frequency shifts), or up
and down keys that provide for larger

con t i n ued on page 82
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4.Make sure you'veaIW~YS got
someone to turn to forhelp

Throughout your NRI
training, you'vegot the
full support ofyour
personal NRI instructor
and the entire NRI
technicalstaff. Always
ready to answeryour
questionsand help you if
you should hit a snag,
your instructorswill
make you feel as if
you're in a classroom of

one, giving you as muchtime and personal attention as you need.

Plus, nowyou train with and keepthe latest in diag­
nostic hardware and software: the R.A.C.E.R. plug-in
diagnostic card and QuickTech diagnostic software,
both from Ultra-X, Using these state-of-the-art diag­
nostic tools, you learn to quickly identifyand ser­
vicevirtuallyany
computer problem
on lBM-compat­
ible machines.

L Accredited Member , National Home Study Council 3-091 I_______________ ....J

5. Step into a brightnew future in
computer service-start by sending for
yourFREE catalog today!
Discoverfor yourselfhoweasy NRI makes it to
succeed in computer service. Sendtoday for NRI's
big, full-color catalogdescribing everyaspect of
NRI's one-of-a-kind computer training, as well as
training in TV/video/audio servicing, telecom­
munications, industrial electronics, and other
growing high-tech career fields.

If the coupon is missing,writeto: NRI
School of Electronics, McGraw-HillContinuing
Education Center, 4401 Connecticut Avenue, NW,
Washington, DC 20008.
RAC.ER and QuickTech are regist ered tr ademarks of Ultra-X. INC.

r-----,----~~----~
AI!!!!!!!§;. SChool of t:J ~ f':T For caree r courses1..,~. Electronics I.nII approved under GI Bill 1
M G Hill C ' . Ed ' C 0 check for details.

1 c raw- I ontinuing ucation enter 1
4401 ConnecticutAvenue, NW, Washington, DC 20008

1 ~CHECKONECATAWGONLY 1
1

D Microcomputer Servicing D Computer Programming 1

~
ii~ia~ii~:~i~ D TV[Video/AudioServicing D PC Software Engineering UsingC

I D Telecommunications D DesktopPublishing& Design 1
l
__;;;.;:;,;:.,;.;;..".==-....,.=-""""--., D Industrial Electronics/Robotics D WordProcessingHome Business

D BasicElectronics D Bookkeeping & Accounting 1
Name 1
Address 1
City State__Zip 1

If you reallywant to get ahead
in computer service,you have
to get inside a state-of-the-art
computer system. That's why
NRI nowincludes the powerful
newWestCoast 386sx/20 MHz
mini tower computer as the
centerpiece of your hands-on
training.

Asyou build this 1 meg
RAM, 32-bit CPU computer
from the keyboardup, you
actuallysee for yourself
howeach section ofyour
computer works. You
assemble and test your computer's "intelligent" keyboard, install the
power supplyand high-density floppy diskdrive,then interfacethe high­
resolution monitor. But that's not all.

You go on to install a powerful new40megIDE hard disk drive­
today's most-wanted computer peripheral- included in your course to
dramaticallyincrease the data storage capacityofyour computer while
giving you lightning-quickdata access.

3. Get inside
a powerful com­
puter system

2.Go beyond
"book learning"
to get true hands­
on experience
NRI knows you learn better by
doing. So NRI training works
overtimeto give you that '
invaluable practical experience.
You first read about the subject,

studying diagrams, schematics, and photos that makethe subject even
clearer.Then you do. You build, examine, remove, test, repair, replace.
You discoverforyourself the feel of the real thing, the confidence gained
only with experience.

1. Choose training
that's right fortoday's
good jobs
Jobs for computer service technicians
willalmostdouble in the next 10years,
according to the latest Department of
Labor projections, Foryou, that means
unlimited opportunities for advance- \
ment, a new career, or even a com- 1992 Good pay, lo'o! 2002
puter service businessof your own.

But to succeed in computer service today, you need training­
complete, practicaltraining that givesyou the confidence to serviceany
brand of computer. You need NRI training.

Only NRI-the leader in career-building,at-homeelectronics training
for more than 75 years-gives you practical knowledge, hands-onskill,
and real-world experience with a powerful 386sx/20 MHzcomputer you
keep. Only NRI gives you everythingyou need fora fast start as a high­

paid computer service technician.



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

CIRClE 16 O N FREE INFO RMATION CARD

PCXI BUS-EXPANSION
CHASSIS. PCXI is a mod­
ular, industrial PC, based
on a 13-slot passive back­
p lane . Rap id Systems'
PX I59 1 b us-expa ns io n
chass is includes a 13-slot
ISA (industry standard ar­
chitecture) standard back­
p la ne with a 200 -wa t t
modular power supp ly, a
sing le-slot modul e , one
bare expans ion card , and
front -end cab ling needed
to extend from the PCXI
expansion chass is to any
laptop or desktop PC .
Using a standard PC with
the PX1591, the PCXI chas­
sis provides the benefits of
EMI/ RFI shielding, protec­
t ion against vibration , and
specif ied indust rial coo ling
through a meta l-shielded

AMATEUR-TV FILTER.
Designed for use in ama­
teur te levisions , the FL-401
Ves tigia l Sideba nd Filte r
from International Crystal
Mfg. Co. is available in fre­
quencies between 420 and
440 M~z . The 6-MHz nom­
inal bandwidth and low-loss
design are inte nded for
transm itte r or receiver use.
Two filters can be used for
repeate r operation . The
seven-pole, interdigital de­
sign provides exce llent
sideband suppression and
filteri ng when used alone,
or in pairs. Heavy-duty con­
st ruct ion ensures stab le
operation and long life. The
FL -401 measures
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module cover with top and
bottom coo ling slots . Ap­
plications include field ser­
vice, ATE devel opment ,
factory automation, and in­
dustrial test ing.

The PX1591 bus-expan-

2Ya x 813/' 6 x 20% inches .
N-type co nnec to rs are
standard.

The FL-4 01 ves ti g ia l
s ideband f i lte r c o s ts
$249 .-lnternational
Crystal Manufactur­
ing Company, Inc., PO.
Bo x 26330 , 701 West
Sheridan, Ok lahoma C ity,
OK 73126-0330; Phon e :
800-426 -9825 or
405 -236 -374 1 ; Fa x :
405-235-1904.

FIELD-SERVICE DMM.
Aimed spec ifically at field­
service tec hnic ians , th e
HB10 Series digita l mult i­
meters from Fieldpiece In­
struments look and fun c­
tion differently from others
on the market. Two profes­
siona l-g rade, heavy-duty
meters, which provide only
those func t io ns needed
most by service techni ­
cians , feat ure a s ing le
easy-to-use rotary swi tc h

si on c h a ss i s c os ts
$ 2395 .-Ra p i d Sys ­
tems, Inc ., 433 North
34th Street, Seatt le, WA
9 810 3 ;
Phone:206-548-0322 ; Fax:
206-547-8311.

for funct ion and range se­
lect ion. Models HB1I and
HB 13 each have 24 ranges
in AC and DC volts, AC and
DC amps, and ohms. The
model HB 13 (pl ct ured)
ad d s s ix c apacit an c e

nnn
UL.'U 1
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ranges up to 200 f.LF. All
vo ltage ranges withstand
1500VDC and 1000VAC;
ot her ran ges w it hsta nd
500 volts AC or DC . The
manual-ranging meters in­
clude a dangerous-voltage
warn ing in dica tor th at
causes an LCD icon to
f lash intermittent ly and a
bee per t o be ac t iva ted
when a voltage over 28V
AC or DC is encounte red.
A ll of each meter 's ca­
pabilities are displayed on
the front of the instrument ;
the one dial is used to
choose from the " menu"
on the meter's face . The
rugged design is shatte r-re­
sistant and features O-ring
seals to pro te ct agai ns t
conta minants, full 600-volt
fusing on all current jacks,
and MOV's to protec t
against trans ients.

The models HB ll and
HB13 digital multimeters
have suggested list prices
of $99 and $109, respec­
tively.-F i e ld p i ec e In­
struments, Inc., 8322 B
Artesia Blvd., Buena Park,
CA 9 062 1; Phone:
714 -992 -1239; Fa x :
714-992-1239.

SOLDERING IRON
SPONGE. Th e Swiss
Sponge (named for th e
cheese, not the cou ntry)
features multip le holes for
improved tip cleaning. The
holes trap the solder balls
and drop them to the bot­
tom of the sponge t ray
where they belong. Virtual
Industries' Swiss Spo nge
is available in a variety of
sizes to fit most makes of
so ld e r ing - i ro n s po nge
trays . A "one-size-fits -al l"
sponge m e a su r e s
3.5 x 4 .8 inches and fea­
tures patte rns match ing
popular tray sizes so that



RADIO SHACK

PARTS PLACEs.
Parts Special-Order Hotline. Your local Radio Shack offers a
huge selection of electronic components. Plus, we can special­
order 10 000 addit ional items from our main warehouse-ICs,
tubes, s~miconductors , crystals , phono cartridges and styli,
even SAMS'" manual s. Service is fast and there is no postage
charge, no minimum order.

Talking Multimeter. Timesaving speech output! Take readings
without having to glance over at the meter. Press a button on the
probe and this meter calls out the reading in clear English while
displaying it. Features full autoranging, autopolarity, liquid crys­
tal display with low-battery and over-range indicators , continuity
beeper, diode -check mode and 10-megohm input. With leads.
#22-164 99.95

(3)(2)(1)

(2)

(3)

(4)

(1)

(1) Hobby Motor. For robotics and
projects. 1'12 to 3VDC. About 1' /2"
long . #273-223 99~

(2) High-Speed 12VOC Motor.
Up to 15,200 RPM. About 2" long
(with shaft). #273-255 . . . . . 2.99

(1) 4-in·1 Soldering Tool. No cords or cylinders! Precision soldering wherever
you need it. Operates anywhere on standard butane lighter fuel. Up to 60
minutes use per tank. Easy to use- refills in just seconds. #64-2161 . . 31.95
Optional Conversion Tips. Availablefrom CMCSpecial Order "Hotline" .
(2) Blow Torch. Keeps a steady flame . #64-2169 9.95
(3) Hot Knife. Ideal for design and repair. #64-2170 9.95
(4) Heat Blower. Puts the heat on for quick drying. #64-2169 9.95

(1) Mini Piezo Speaker. Only
131/32"- diameter. Use with IC driv-
ers. #273-091 2.49
(2) " Ding-Dong" Chime . Re­
quires 6 to 18VDC. #273-071, 8.99
(3) Mini Buzzer. Loud, yet only 7
rnA at 12VDC. #273-074 . . . 2.99

(1) (2) (4) (5)

NEW! TVNCR Remote Control
Tester. Senses infrared light from
remotes to tell you if they are work­
ing .Also locates near-i nfrared radi­
ation emanating from either LED or
laser sources. Pocket size.
#276-0099 5.95

XLR Audio Connectors

Fig. Type Cat. No. Each
1 Three-P in Plug 274-010 2.99
2 Inline Socket 274-011 2.99
3 Panel Socket 274-013 3.69
4 XLR Plug Adapter 274-016 11 .99
5 l/."-Plug Adapter 274 -017 11.99

Project Battery Holders.

(1) 2 " AAA". #270-398 79~

(2) 4 " 0 " . #270-389 1.59

(3) 1 " N" . #270-405 59~

(4) 2 " C" . #270-385 1.29

Portable Shortwave Antenna.
Pulls in the OX! Great for traveling.
Clip s over telescop ing rod an­
tenna. Wire extends up to 23 ft.
Dramatically improves reception
on worldband portables.
#278-1374 8.95
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(1) Hl-Precislon 10K·ohm Ther-
mistor. #271-110 1.99
(2) 200 Surface-Mount Resis­
tors. 5% tol. #271-313, Set 4.99
(3) Pocket Color Guide. Finds re­
sistor, capacitor, inductor values.
#271-1210 79~

{" ~ '"

lIafl,e.I11aelt .
AMER,eA'S TEeHNOLOGV STORE"

NEW! Archer'" Experimenter's Plug-In Card. PC/XT compatib le prototype
card for breadboarding digital/analog circuits. Plated through holes, power
and ground bus grids, 8-b it 31/62 plated-edge contacts, I/O mounting area
for 25-pin d-sub connector (at left). #276-1598 29.95

Prices apply atparticipating Radio Shackstores anddealers. RadioShack is a divisionof Tandy Corporation

Since 1921 Radio Shack has been the place to obtain up-to-date
electronic parts as well as quality tools, test equipment and accessories
at low prices. 7000 locations to serve you-NOBODY COMPARES

NEW! 25·Pin Female O-Sub con­
nector. Right-angle mounting, de­
sign ed for Exper imenter PC/ XT
Card -Edge Compatible Plug -In
Card (at right) to provide standa rd
25-pin input/output port.
#276-1504 2.39

CIRCLE 78 ON FREE INFORMATION CARD
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the user can cu t it to fit
using scissors.

Suggested list prices for
the Swiss Sponge range
from $ .75 to $1.50 each.­
Virtual Industries, Inc., 20
Mountview Lane , Unit E,
Colorado Springs, CO
80907; Phone :
719 -598 - 1369; Fa x :
719-594-0147 .

SOLDERLESS BREAD­
BOARDS. Designed fo r
use by students, hob­
byists, and circuit-design
engineers , the X-tra Edge
solderless breadboards
from Chenesko Products

feature an extra multi-use
edge panel for organizing
and mounting components
that do not fit into the nor­
mal DIP spacing of so l­
derless breadboard socket
connections. Available in
four sizes, each contains a
solderle ss breadboard
area that contai ns both dis­
tribution and terminal st rips
to accommodate all DIP
sizes, lead components
CO.3-0.8mm lead diame­
te r) , and w ire gauge of
AWG 20-29 for intercon­
necting components. The
b re ad bo a rd contacts,
spaced at O.l -inch on cen-

CIRCLE 20 ON FREE
INFORMATION CARD

ter, are made of phosphor
bronze nickel-plated for re­
liable low- resistance con­
tact s. Initial contact resis­
t a nc e is le s s th an 3
milliohms at 1 kHz (20°0
and the contacts are rated
for a minimum of 10.000 in­
out insertions . For eas y
connecting of external
power supplies, four multi­
purpose binding posts that
accept both standard ba­
nana jacks and lead wires
are standard on each
mo de l. The removable
edge panel features a vari­
ety of geometric cutouts
that allow the panel to hold
transistors, stud rectifiers,
triacs, SCR 's, DIAC's, volt­
age regulators, heat sinks,
rheostats. switches, buzz­
ers , and fuse holders in a
variety of package sizes.

Models NB-112P
(4.3 x 7.4 inches , 810 tie­
points , 61 rows for DIP's),
NB-124P(6.5 x 7.4 inches,
1620 tie-points, 122 rows
for D IP's), NB-134P

(7.9 x 7.4 inches, 2230 tie­
points, 183 rows for DIP's),
and NB-145P (9 .7 x 7.4
inches , 2940 t ie-points,
244 rows for DIP's ) co st
$7.50, $16 , $21, and $27,
r e s pec tive ly .-Che­
nesko Products. Inc .,
62 North Coleman Road,
Centereach , NY 11720;
Pho ne : 800-221-3516 or
516 -736-7977 ; Fa x :
516-732-4650.

ELF METER. To measure
the strength of potentially
harmful mag netic fields
generated by AC electrical
devices, F.WBel/has intro­
duced the model 4060 ELF
(extremely low frequency)
me ter. Electromagnetic
field (EMF) radiation, which
is produced by powe r­
transmission lines , com­
puters, microwaves, and
other electrical appliances ,
is unde r investigation by
both private and govern­
me nta l agencies for it s
possible link to cancer, leu-

3 for $75 • 10 for $200 • Mix or Match
30 DAYMONEYBACKGUARANTEE (3 FILTERLIMIT)

FAST DELIVERY
CALL TOLL FREE FOR C.O.D. ORSEND CHECKTO ORDER

Try the

RE-BBS
516-293-2283

(RE-BBS)
516-293-2283

EIEii:,mll'£s,
bulletin board

system

Communicate withother
R-E readers.

Leave your comments on
R-E withthe SYSOP.

We support 1200 and 2400
baud operation.

Parameters: 8N1 (8 data
bits, noparity, 1 stop bit)
or 7E1 (7data bits, even
parity. 1 stop bit).

The more you use lithe
more useful it becomes.

Add yourself to ouruser
liIes to increase your
access.
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SHIPPING
NO

SHIPPING
OR

C.O.D.
CHARGES$30

$30
$30
$30
$30

PRICE

STAI2 CII2CIJITS
P.O. BOX 94917

LAS VEGAS, NV 89193

1-800-433-6319

46FM

1417
1822

713

23H
MODEL

TUNABLE

~f)TCt1 r=ILTI:I2S
• FORELIMINATION OF SEVERE INTERFERENCE
• FOR"CENSORING" OFADULTBROADCASTS

·45 dB
ATCENTER FREQUENCY

• 5dB
AT 2 MHZFROM CENTER

• 2 dB
INSERTION LOSS
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kemia, and birth defects.
The ELF meter can help the
user t o determine ex­
posure levels . The com-

CIRCLE 21 ON FREE
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pact device features a 3Y2­
digit LCD readout that indi­
cates field strength in ei­
ther milliGauss or Gauss
(depending on the setting).
A single control acts as
both an on-off and a high/
low range switch. Readings
are taken simply by holding
the meter near the source
to be measured . The ELF
meter has an accuracy of
± 1% and a resolution of 1
mG or 10 mG .

The 4060 ELF mete r has
a suggested list price of
$179 .- F. W . Bell, I nc .,
6120 Hanging Moss Road,
Orlando, FL ; Phone :
407 -678-7308.

MINIATURE MICRO­
CON TROLLER . C alled
the Flip Stik because it
functions as an expandable
mic rop rocessor when
plugged in one way and a
s ingle-board micro ­
controller when plugged in
the other way, Dallas Semi­
condu ctor's OS2340 ac­
cepts software updates via
its serial port while it is in
the system, with no com­
ponent removal required .
The Flip Stik is roughly the
size of a piece of chewing
gum, and consume s very
little power. It supports
DOS-equivalent operating
systems for diskless em­
bedded sys tems, allowing
appli cation developments

using standard DOS func ­
tion calls . Thanks to its in­
system reconfigurability, an
embedded system that in­
corporat es th e Flip Stik
can be co nf igured with
customized software just
befo re shipping w ithout
ope ninq it s enclosure .
Software upgrades can
even be downloaded over
the telephone line from a
remote PC.

The Flip Stik incorpo­
rates a V 40 micro­
processor (software-com­
patible with the 808S), up
to 256K bytes of non­
volatile RA M, a nd a
DS5340 " Softener" chip.
That chip " crash-proofs"
the microprocesso r t o
safeguard data against
power failure. Because the
V40 executes the native in­
stru ction set of the PC,
programmers can use the

CIRCLE 22 ON FREE
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software base with which
they are alread y familia r;
they don't have to learn a
new language or buy spe­
cial development systems.
They can write software for
the Flip Stik on their desk­
top PC's and later port it to
the embedded syst em.
The V40 also prov ides a
serial port, interrupt con­
troller, t imer-counters , and
a DMA controlle r. The soft­
ener chip co mplements
t hose fu nc tions with a
cloc k o scill at o r, power
mon ito r, watc hdog tim er,
programmable address de­
cod er, dual -po rt registe r
file, and parallel I/O ports.

The OS 2340 Flip Stik
costs $54 .30 in quantities
of 1000.-D alla s Semi­
conductor , 4401 South
Beltwood Parkway, Dallas,
T X 7524 4 ; Phone :
21 4-450-0448 . R-E

Earn Your B.S. Degree
in

ELECTRONICS
or

COMPUTERS

By Studying at Home
Grantham College of Engineering,

now in our 41st year, is highly ex­
perienced in "dis tance education"­
teaching by correspondence- through
printed materials, computer ma ter ials,
fax, and phone.

No commuting to class . Study at
your own pace, while continu ing on
your present job. Learn fro m easy- to­
understand but complete and thorough
lesson materials, with additiona l help
from our instructors.

Our Computer B.S. Degree Pro­
gram includes courses III BASIC,
PASCAL and C lang uages - as well as
Assembly Language, MS DOS, CADD,
Robotics , and much more.

Our Electronics B.S. Degree Pro­
gram includes courses in Solid-State
Circuit Analysis and Design, Control
Systems, Analogi Digit al Communica­
tions, Microwave Engr, and much more .

An important part of being pre­
pared to move up is ho lding the right
college degree, and the absolutely neces­
sary part IS knowing your fie ld.
Grantham can help you both ways­
to learn mo re and to earn your degree
in the process.

Write or phone fo r our free
catalog. Toll free, 1-800-955-2527, or
see mailing address below .

•
Accredited by

the Accrediting Commission of the
National Home Study Council

•
GRANTHAM

College ofEngineering
Grantham College Road

Slidell, LA 70460
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AMPROBE
1991 Test Equipment

AN INTRODUCTION TO
AMATEUR COMMUNI­
CATIONS SATELLITES;
by A. Pickard. Elec­
tronics Technology To­
day Inc., P.O. Box 240,
Massapequa Park, NY
11762-0240; $9.75, in-

(cont inued on page 30)

megohmmeters , ultrasonic
detectors. analog clamp­
ons , digita l tachometers,
pyrometers, and record ­
ers . Convenient alpha ­
numeric model listings are
provided, as well as color
photographs , illustrations,
and helpful hints . and sug­
gested accessories and
replacements.

CIRCLE 338 ON FREE
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C) SECURITY
o LIGHTS
Q APf'\.IANCES
t:::l EHTERTAltlUEUT
o COUMUHfCATIQHS
o EtlERGY t.1AtfAGEMENT
o HEAT1AJR
C POOLS & SPAS
C OTHERS

HOW TO AUTOMATE
YOUR HOME

HOW TO AUTOMATE
YOUR HOME; by David
Gaddis. Home Automa­
tion, USA, P.O. Box
22536, Oklahoma City,
OK 73123; Phone:
405-840-4751; $29.95.

H om e a u t oma t io n .
which promises better se­
curity. co nvenience . lower
operat ing costs, safety, en­
tert ainment , and fun, is one
of t he fastes t growing
areas of co nsumer elec­
tro nics . Enc o m pass ing
home security, telephone

ness. a complete selection and communications sys - 1991 TEST EQUIPMENT;
of toner-recharge products terns , audio and video sys- from Amprobe Instru-
are offered at bulk prices . terns, light ing and appli- ment, 630 Merrick Road,
Those include gener ic ance control, and environ- Lynbrook, NY 11563;
to ner. graphic toner, spe- menta l Cheating, cooling , Phone: 516-593-5600;
cial replacement felt, new sprink lers , pools) co ntrol, Fax: 516-593-5682; free.
fixing rods, sea ling st rips , auto mat ing a new or exist- Arnprobes full-line cata-
plugs labels, too ls. c lean ing home requires quite a lo g contai ns complete
air. w ipes, and vac uums . bit of information and fore- spec if icat ions and de -
Detailed assembly instruc- th ou ght . Thi s book co n- scribe the important fea-
ti on s are free w it h pu r- tains valuable inform ation tures of its f ull li ne of
chase. For those who lack on some of the most pop u- electrica l test eq uipment.
the time or inclination to do lar present and proposed Featured in its 48 pages are

l/---the-job-themselves.-the-automation-concepts, in-- rotary scaleclamp-ons wit h- - -
cata log also details Ch e- c1uding X-lO, CEBus CThe high-energy protect ion ,
neskos mail-i n serv ice . EIA's proposed standard, digital mini clamp-oris, cir-
The first time it is sent in, Co ns ume r-Elect ro ni c s cu it tracers , true-RMS
the cartridge is cleaned, Bus), Smart House , and strip recorders , digital
modified, and recharged . Echelon .
The modification allows it Combining techn ical in-
to be easily refilled by the format ion wi th simp le in­
customer the second time , stallation requirements and
by purchasing the replace - recommendatio ns, step­
ment toner and felt pad. by-step project directions,

and 115 illust rat ions . the
book serves as an installa­
tio n guide as wel l as a refer­
ence source . Beca use
there are so many varia ­
t ion s and possibilities in
home au tomat ion , t he
book is des igned t o pro ­
vide th e in fo rmat io n re­
quired for readers to make
dec isions about their own
requireme nts. based on
co st , featu res . expan­
dability, and goals.

Starting with an overall
explanation of home auto­
mation, the book goes on
to detail home wiring re­
quirements . The remaining
chapters each address a
particular part of a home­
automation system and in­
clude recommendations
for bas ic and expanded
systems and subsystems .
Materials costs for the
pro jects start as low as
$28 .00, and many cost
less than $200 to insta ll.
The book includes $250 of
coupo ns for disco unts and
free product offe rs .

CIRCLE 337 O N FREE
IN FO RMATION CARD

cartridges can be. This cat ­
alog expl ains alternat ives
to new cart ridges , desc rib­
ing recharged cart ridges­
in do-it-yourse lf or full-ser­
vice forms-that can be
used wi th the HP LaserJet .
LaserJet Plus, and Laser­
Jet Series II. liD , liP, and III;
Apple LaserWriter, Laser­
Wr ite r Plu s , an d Las er- .
W r it e r l iN T I IIN TX ; a nd
many other models . When
handled properly, the car­
tridges can be cleaned out ,
modified , and then re­
charged with new toner
several times before the
photoconductive drum in
the toner cartridge wears
out. This catalog describes
three methods of recharge.
For the handyman, six dif­
ferent kits are available wi th
complete inst ruc t ions on
ho w to mod ify and re­
charge toner ca rt r idges .
For the perso n who wants
to start a rech arge bus i-

TONER CARTRIDG E
RECHAR GE CATALOG;
fr om Chene sko Prod­
ucts Inc., 62 North Col­
e ma n Road , Cen­
t e re ac h, NY 11720 ;
Phone: 800-221-3516 or
516 - 736-7977; Fa x:
516-732-4650; free.

Anyo ne wh o ow ns a
laser printer knows how
cost ly replacement ton er '
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Learn to Use Your
Computer's Full Potential.

Computer not
included with

course

today's highly competitive and computer oriented
society . As a CIE student you'll receive a first rate
education from a faculty and staff with only one
desire . Your futu re success!

We encourage you to look, but you won't find a
more comprehensive computer course anywhere!

And it's a course designed to fit
around your lifestyle arid commit ­
ments today , so you can be assured
of profess ional successes and
financial gains tomorrow.

Please, do yourself a favor and
send the attached card or fill out and
mail the coupon below for more'

information about CIE's
Computer Operation

and Programming
course. Do It .
Today !

~ -- --
~ -

If you've been hesitat ing about upgrading your
computer skills becaus e you couldn't find the time or
locate the right ptoqrarn to teach you everything you
need to know to be successful in today 's world of
computers, you'll be happy to hear that CIE's new
career course can provide you with the compu ter
technology curriculum you seek in an independent
study program you can afford to invest your time in.

CIE's COMPUTER OPERATION and
PROGRAMMING course was designed and devel­
oped by CIE to provide a comple te overall under­
standing of the unlimited potential today 's compu ters
offer , once you learn and discover their full capab ili­
ties, in .today 's high tech environment. CIE's new

,computer course quickly provides you with the
electronics fundamentals essential to fully understand
and master the compute r's technological potentials for
your personal and profess ional advancement. Upon
mastering the fundamentals you will move into high
level language programm ing such as BASIC and
C-Language and then use that programming in order
to relate the interfacing of electronic hardware circu itry
to programming software. As a gradu-
ate of the Computer Operation and
Programming course , you will be able
to successfully understand, analyze ,
install , troubleshoot, program and
maintain the various types of electronic
equipment used in business , manufac­
turing , and service industries.

Since 1934, CIE has been
the world leader in home
study electronics by
providing oun150,000­
plus graduates with the
curriculum and hands-on
training they've needed to
become successful in

o YES! I want to get started. Send me my CIE school catalog including details about th e Associate D egree program
(for your convenience, CIE will have a rep resentative contact you > there is no obligation) .

Print Name _

Address _ Apt: --,- ~
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AE24

A school of thousands .
A class of one.
Since 1934.

o Active Dut y

C ity State Zip ----;-_

Age __ Are a Code/Phone No,~ _

Check box for G.!. Bulletin on Education al Benefits 0 Veteran

111/:!E1. ~~:rd~~1i~s, INC.
1776 East 17th Street - Cleveland, Ohio 44 114 - (216) 78 1-9400
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NEW LIT

continued from page 26

book de s c ri b e s seve ra l
systems, how th ey can be
connected to a computer,
and how to use the m. Th e
decoded s ig na ls co nta in
such inform ation as t el e­
metry data a nd weather
pict ures . The book is de­
s igned to encourage read­
ers to become act ive ly
invo lved in rece iv ing and
decoding s ig na ls from am­
ateur commu nicatio ns sa t ­
e l li tes. usi ng aspects o f
e lectronics . . engineering,
and sc ience. R-E

An Introduction to
Amateur

Communications
Satellites

CIRClE 340 ON FREE
IN FORM ATION CARD

eluding shipping and
hand ling (ord e r No .
BP290).

U nless you work for a
majo r te lecomm unications
company, t he space pro­
gram . or th e mili tary, com­
mu nicati on s and broadcast
sa te llites are normally off
limits to you. Even if yo u
own a satellite-TV rece iver.
you can not part icipate in
t he tech nica l aspects o f
t h o s e co m m u nica t ions ­
sate l lite systems . Th ere
a re, h o w e v er, a larg e
numbe r o f a mateu r com ­
mu nications sa te lli tes or­
bit ing th e earth. Th ose can
be trac ked. and th ei r s ig­
nals receive d , by o rd inary
people using relatively in­
expens ive eq uipment. Thi s

• 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 NOW
AND

RESERVE
YOUR SPACE

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

CIRCLE 127 ON FREE INFORMATION CARD

IIiiiiiiI .
CABLE TV CONVERTERS AND DE­
SCRAMBLERS SB-3 $79.00 TRI-BI $95.00
MLD -$79.00 M35B $69 .00 DRZ-DI C
$149.00. Special combos available. We ship
COD. Quantity discounts. Call for pricing on
other products. Dealers wanted. FREECATA­
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 INFORMAT ION CARD

THE MODEL WIT-20 IS ONLYTHE SIZEOF
A DIME, yet transmits both sides of a tele­
phone conversation to any FM radio with
crystal clarity.Telephone line powered - never
needs a battery! Up to Y4mile 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.

$49 5 FOR A PROGRAMMABLE DC
POWER SUPPLY IS NOW A REALITY!
• GPIB Interface Standard . Output Voltage/
Current Programming& Headback e Local &
Remote GPIB Operations . Remote Sense
Function • Programmable Overvoltage and
Overcurrent Protection . Software Calibra­
t ion • Sup er ior Line /Load Reg ula tion
• Output Enable/Disable . 3 Year Warranty.
FREE Orientation Video available. For de­
tai ls, call : AME RICAN RELIANCE INC.
800-654-9838 FAX: 818-575-0801.

CIRCLE 127 ON FREE INFORMATION CARD

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

APPLIANCE REPAIR HANDBOOKS-13
volumes by serv ice experts ; easy -to­
understanddiagrams, illustrations. Formajor
appliances (air conditioners, refrigerators.
washers. dryers , microwaves. etc.), elec.
hous ewares, personal-care appliances .
Basics of solid state. setting up shop. test
instruments . $2.65 to $7.90 each. Free
brochure. APPLIANCE SERVICE, P.O. Box
789; tombard, It 60148. (708) 932-9550:-
CIRCLE 84 ON FREE INFORMATION CARD
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FAX: 516-293-3315CIRCLE 180 ON FREE INFORMATION CARD
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Now, You Can Eavesdrop On The World. Introducing the new Drake R8 Communications Receiver.

It's world class, world band radio, made-in the U.S.A. From Perth to the Persian Gulf, Moscow to

Mozambique, local or global, you hear events as they happen with amazing clarity. Since 1943,Drake

has been setting the standards in electronic communications . .. and then raising them. Today, there's

no better shortwave receiverthan the Drake R8. Out-Of-This-World Performance. The new Drake R8

has more standard features than other shortwave radios. You get wide frequency range (100 KHz to

30,000 KHz), coverage of all world and local bands, and excellent dynamic range. But you also get

important features you won't find on receivers costing hundreds of dollars more. A multi-voltage

power supply. Pre-amp and attenuator. Five filter bandwidths and synchronous detector. Dual mode

noise blanker and passband offset. Non-volatile 100channel memory. All designed to giveyou the best

reception with the least distortion. Down-To-Earth Design. The ergonomic design ofthe R8 givesyou

real ease of operation. You have convenient keypad entry, with large, legiblecontrols. The face is bold.

Uncluttered. And the liquid crystal display (LCD) is backlighted for easy reading. Try The R8...

At Our Risk. If you're not impressed by Drake's quality, performance and ease of operation, return

the R8 Receiver within 15 days and we'll refund your money in full, less our original shipping

charge . For more information, or to order, call TOLL-FREE, 1-800-9-DRAKE-l. Telephone orders

may be placed on a major credit card. $979.00 (Shipping and handling $10 in continental U.S.

Ohio residents add 6Y1010 tax.) Call TOLL-FREE, 1-800-9-DRAKE-l today. You can't lose.

In touch with the world.

R.L. Drake Company - P.O. Box 3006 • Miamisburg, Ohio 45342 U.S.A.
CIRCLE 177 ON FREE INFORMATION CARD



48 HOUR ELEN C 0 & HIT A CHI PROD UC TS 48 HOUR

SHIPPING A T 0 ISC 0 UNT PRIC ES SHIPPING

V-SSO - SOMHz, Du al Trace $1,195
V· SS5 · SOMHz, DT, w/cursor $1,34 5
V-l0S0 - 100MHz, Du al Trace $1 ,4 25
V-l0S5 - 100MHz, DT, w/cursor $1 05l mo'
V-l085 - 100MHz, Q T, w/cursor $ 125/mo '
V-l l00A - 1OOMHz, Quad Tr ace---$125/mo'
V-1 150 - 150MHz, Q uad Tr ace--==$115 /mo'

HITACHI COMPACT SERIES SCOPES
Thi s se ries prov ides many new functio ns such as CR T
Readout, Cursor measurements (V-l085/10651S65), Fra­
quency Ctr (V-l065), Sweeptim e Autoranging, Delayed
sweep and Tripper Lochusing a 6-lnchCRT. You don't fee l
the com pactn ess in terms of pe rformance and oper ation .

SCOPE PROBES
P-l 65MHz, lx, lOx $19.95
P-2 lOOMHz, lx, lOx $26.95

Hitachi Portable SCopes
DC to 50MHz, 2-Channel, DC offset func-

tion, Alternate magnifier function

V·5 25 - CRT Re adout , Cu rsor Me as. $1,025
V-5 23 - De layed Sweep - $995
V·522 - Bas ic Mo del $89 5
V-422 - 40MH z $795
V·223 - 20Mhz delayed sweep $S95
V-2 12 - 20MHz $425

LEASINGAVAILABLE
For all Hitachi Scopes - Call for details

• Based on 24 months except V-1150, VC-6045, VC­
6145 (36 months}

20MHz Elenco Oscilloscope
$375
MD-1251

• Dual Trace
Component Tester

• S' CRT
• X-YOperation

• TV Sync
• 2 P-l Probes

Elenco 35MHz Dual Trace

~~~ $495
MO-1252

. • High luminance S' CRT
• lmV Sensitivity

• 6KV Acceleration Voltage
• 10ns Rise Time

• X-VOperation. Z Axis
• DelayedTriggering Sweep

• Includes 2 P-l Probes

All soope s include pro be s, sche matics, op erators manual and 3 yea r (2 yrs tor Elenco scopes) wor ld wide warranty on parts & labor. Many accesso ries available for all Hitachi
soopes . Call or write for compl ete specifcatkms on these and many other fine osci lloscopes.

Hitachi RSO Series
(Portabl e Rea l-time Di git al Sto rag e O scil lo scop es)
VC -S023 - 20 MHz , 20 MS/s $9 9/mo'
VC-S0 24 - 50 MHz , 20 MS /s $ 120/mo'
VC-6025 - 50 MHl, 20 M3/5 $ 1351mo'
VC -S04 5 - 100MH z, 4 0 MS/s $125/mo'
VC-S145 - 100MHz, 100MS/s $200/mo'

RSO's from Hitachi feature roll mode, averaging, save
memory , smoothing, inte rpolation, pretriggering, curso r
measurements. These scopes enable more accurate,
simplier observation of com plex waveforms, in addition to
such functions as hardcopy via a plotter interface and
waveform transfer via the RS-232C interface . Enjoy the
comfort of analog and the power fa digital.

True RMS 41/2
DigitMultlmeter

M·7000

$135
.05% DC Accuracy

.1% Resistance
with Freq. Counfer

and Deluxe Case

FLUKE
MULTIMETERS

All Models
Available

Call for special price

Multimeter w ith

Capacitance 8:
Transistor Tester

$55 CM·1500B
Reads Vo~s, Ohms

Current, Capacitors,
Transistors and

Diodes I with case
Big l' Displ ay

AM/FM Transistor
Radio Kit

with Training Course

Model AMlFM 108

$26.95
14 Transistors + 5 Diodes

Makes a great school projecf

Measures:
Coils luH·200H
Caps .1pl-200uf

Res .01-20M

XK-500 DIGITAL / ANALOG TRAINER

- 2 Bredloards. each contain:
840 lie peines (1010111,680)

A complete mini-lob for building. testing, prototyplng analog and dlg"al circuits
Elenco's Digital I AnalogTrainer Is speciallydesigned for school projects, with 5 bullt·1npower SUpplies.
Includss a function generator with conlinously variable, sino, triangular, square wave forms. All power
supplies are regulated andpi"Olocted againstshorts.

POWER SUPPLIES
• Variable Power Supply

. + 1 . 25 to 20VDC O .5~

(+1.25 to 1SVOC@1 Anll I
__1.25 10 - 20VOC 0 .S An'll

(- 1.25 10 - 15VDC@1 Amp)

• +12VOCO 1 Amp

• -12VOC 01 1 Amp

• +SVDCC l Amp

• 30VAC Cenlertappecl " 15VAC
.tlAmp

ANALOG· SECTION
• Function Generalor Sine, Triangular,

SqJar. wave lorms

_ Frequency adjuSlablo ln liYe ral"JQfls

from 1 to 100KHZ
_ Fine Iroquency adjusl

_Arrplitude adjusl

- OC oMsol

- Modllalion FM·AM

OIGITAL - SECTION
- Eil)ht (!ala switches
_ Two no bou nce logic switche s

_ Eig/'ll lEO readou ts TIl. bullored

_ Cbdt frequency 1 to 100KHZ

_Clock a",*ude 5VPP square wave

BREADB OARDS

Digital LCRMeter
LC-1801

$125

Wide Band Signal
Generators

Provides sine, triangle, square
wave Irom 1Hz to 1MHz

AM or FM capability

Triple Power Supply XP-620
Assembled $69

Kit $45
2to l5V @lA,

·2 to ·15V @ lA
(or 4 to 30V @ lA)

and 5V@ 3A
All the desired leatures lor doing experiments.

Features short circuit protection, all supplies

SG·9000 $129
RF Freq l00K·450MHz AM Modula·

tion of 1KHz Variable RF output
SG-95 00 wi Dig it al D isplay &
150 MHz bu ilt- in Counter $249

Digital Capacitance Meter
CM·1550B

$58.95
9 Ranges

.l pl-20,OOOuld
.5% basic accy.

Zero control wi Case
Big r Display

Fully regulated and short circuit protected

Learn to Build and Program
Computers with this Kit

Includes: All Parts, Assembly and Lesson Manual

Model
MM-8000

$129.00

GF-8016 Function Generator
with Freq, Counter

$249
Sine, Square, Triangle

Pulse, Ramp, .2 to 2MHz
Freq Counter .1 - 10MHz

Quad Power Supply XP-580

$59.95
2·20V @ 2A

12V @ lA
5V@3A

-5V @ .5A

Call for special price

B+K
TEST EQUIPMENT
All Models Available

Slarting fromscratehyou buildacomplele system.Our
Micro-Masler tra iner teaches you to write into RAMs,
ROMs and run a 8085 microprocessor, which uses
similar machine language as IBM PC.

Robotics Kit for above (MM8010) 71.95

WE~IL.LNOTBEUND:RSOlD! C & S SALES INC~ 15 Day Money Back Guarantee
UPS Sh ipping: 4 8 Slates 5 ro • • 2 Year Warranty Prices Subject t o Change
( $3 M in $10 Max) Sh ipping I:!-IS R n sew n od, Deer field. II. (,IIII IS
IL Re s., 7% Tax FAX: 708·520·0085 IXIIIII .:!l).:!·77 I I17 IlX) S-II·1I7 111 WRITE FOR FREE CATALOG

GF-8015 w ithout Freq. Meter $1 79
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SOLID STATEOur solid-state Tesla

coil can produce

sparks as long as 8

inches with a peak

output ofabout 100,000 volts.
DUANE A BYLUND

T es la coils have been around for
almost 100 years and, with the

exception of vacuum-tube driven
coils, not much has changed from
the way Nikola Tesla invented them.
This article describes a new type of
Tesla coil; a true solid-state Tesla coil.
One thing that makes our Tesla coil
unusual is that the coupling to the
secondary coil is by a direct electrical
connection rather than by magnetic
fields. Direct coupling is not new to
Tesla coils but it is seldom seen.

The solid-state Tesla coil is by no
means as spectacular as capacitive­
discharge Tesla coils but it gives just
as good, or better, performance as a
vacuum-tube Tesla coil. Sparks as
long as 8 inches are possible with a
power-line consumption of 2 amps at
120 volts (see Fig. 1), and the output
reaches a peak of about 100,000
volts. Although the average power in­
put to the device is around 250 to 300
watts , the peak input power to the
Tesla secondary coil is about 800
watts. The Tesla coil is an excellent
teaching tool, as many interesting
things may be learned wi th the aid of
this device.

Circuit description
The schematic for the solid-state

Tesla coil is shown in Fig. 2. The sec­
ondary of the Tesla coil, when directly
driven by a solid-state driver, appears
like a series RLC circuit. That's due to
the self-capacitance of the coil with
respect to ground. The capacitance is
normally very small with the induc­
tance being fairly large. At the reso­
nant frequency, the inductive reac­
tance cancels the capacitive reac­
tance. The effective impedance is
limited by such losses as the DC re­
sistance of the coil, AC skin effect of
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fu ll power is applied. (Remember
that the resonant frequen cy can
be affected by n ea rby objects.)
The current supplied to the sec­
ondary coil is indicated by LED 1.
Tun in g is accomplished by ad­
justing the frequency via Rl and
observing LED 1. When reso­
nance is achieved. the secondary
coil will have a low im pe dance
which will produce m ax im um
current. lighting the LED. Di­
odes 03-06 lim it the forward
and reverse voltages on LE D1
when in the h igh-power mode.
(Note that you must use an LED
that ligh ts at 1.5 volts-some
LED 's . in cl uding most g ree n
ones. need 2. 1 volts or higher.

When the d evi ce is switched
into the operat ing mode (or the
high-power m odel. h alf-wave
line-volt age pulses will be applied
to the primary of T2. As the h alf­
wave voltage increases, the cu r­
ren t in the secon dary co il in­
creases an d the energy s to red in
the inductance an d capacitance
of the secondary co il will in­
crease. During th is time there is
no corona fro m the secon dary
coil (if the coil is constructed as
shown in this article). So metime
before the h alf-wave line voltage
reach es its peak. the corona will
a ppear on the secon dary co il,
which wi ll d is sipate the store d
energy very quickly During the
remainder of the half-wave line
voltage. the coil will produce cor­
ona but the energy level will not
be as great as the initial di s ­
charge. The coil will produce s ix­
ty individual corona discharges
every second , although you'll see
a continuous di scharge.

ri__

L Cb
, .. 7.1 INCHES ~ I

USE THIS FOIL PATTERN, shown half-size, to etch your own PC board .

Warning!! This' article deals with and
involves subject matter and the use of
materials and substances that may be
hazardous to health and life. Do not at­
tempt to implement or use the information
contained herein, unless you are experi­
enced and skilled with respect to such
subject matter, materials, and sub­
stances. Neither the publisher nor the au­
thor make any representation as for the
completeness or accuracy of the informa­
tion contained herein, and disclaim any
liability for damages or injuries, whether
caused by or arising from the lack of com­
pleteness, inaccuracies of the informa­
tion, misrepresentations of the directions,
misapplicationof the information,or other­
wise.

each other, and drive the gates of
MOSFET's Ql and Q2. wh ich. in
turn, drive the primary of trans­
former T1. Trans former T l drives
the bases o f switch ing-t ran ­
s is to rs Q3 and Q4. The compo ­
n ents in the bas e c irc uitry a re
u sed to increas e the switching
speed of the transistors . Tran ­
sistors Q3 and Q4 switc h the line
voltage across the primary ofT2,
which increases the voltage and
drives the en d of the secondary
co il directly. Note that the line
voltage deli vered to T2 is h al f­
wave recti fied by 01. That is im ­
portant to the ope ration of the
Tesla co il b ecaus e a pulsating
voltage is n eeded to produ ce the
bes t effects.

When the d evice is plugged
into a wall recep tacle it will be in
its standby mod e. Thatis, the 21­
volt power su pply will be opera­
tional and the FET's will be driv­
ing t he primary of T l. Th e
standby mode produces enough
power to "tu ne" the driver to the
coil's resonant frequency before

the wire, eddy cu r rents induced
in nearby objects by the field of
the coil, and so on.

Series RLC circuits have rela­
tively low impedances when oper­
ated at the resonant frequency.
The coil used in this project.
when operated at its resonant fre­
quency, looks like a 450-ohm re­
sistive loa d to the solid-state
driver. Series RLC circuits pro­
duce high voltages on the induc­
tor and capacitor at the resonant
frequency. The high voltage is
due to a high cu rrent flowing
through a high reactance (re­
member that the inductance is
larg e an d t he capac ita nce is
small, creating la rge reactances
in each compo nen t at a given fre­
quency). That is what produces
the corona d ischa rge at the end
of the secondary co il.

The h ear t of the driver is ICI,
the SG3524 pulse-width modu­
lator. The duty cycle is fixed at
about 45 % for best efficiency. The
frequency is controlled by the re­
sistance on p in 6 and the capaci­
tance on pin 7. With the values
s hown. the frequency h a s a
range from 200 to 24 0 kl-lz. A flip­
flop inside the chip divides that
by 2 so that the effective ou tpu t of
the driver has a range from 100 to
120 kHz.

The outputs on p ins 12 and 13
are 180 degrees out of phase wit h
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uJ FIG. 1-THE SOLID-STATE TESLA COIL
6 can produce sparks as long as 8 inches.
o Th e ou tput reaches a peak of about
~ 100,000 volts.
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FIG. 2-SCHEMATIC FOR THE SOLID-STATETESLA COIL. The secondary ofthe Tesla coil
appears like a series RLC circuit due to the self-capacitance of the coil with respect to
gro und .

PARTS LIST

All resistors are 1f4-watt, 5%, un­
less otherwise indicated .

R1- 1000 ohms, 10-turn
potentiometer

R2- 3900 ohms
R3, R4-2200 ohms, 112 watt
R5. R6-2200 ohms
R7- 330 ohms, 1 watt
R8 . R9-0.56 ohms , 2 watts ,

flameproof
R10, R11-3300 ohms
Capacitors
C1-Q.001 fLF, 50 volts. 5%, polyester
C2-110 pF, 50 volts, polyester
C3. C4-10 fLF, 35 volts, tantalum
C5-330 fLF, 35 volts, electrolytic
C6, C7-2 fLF, 200 volts, nonpolar

film-type
C8, C9-Q.02 fLF, 1000 volts,ceramic

disc
Semiconductors
IC1-SG3524 pulse-width modulator
01-MR751 diode
02- 06-1N4934 diode
0 7, 08-1N4936 diode
09-not used
01D-017- 1N4004 diode
01 , 02-SK9155 power MOSFET

03, 04-2N6678 or SK9140 NPN
transistor

LE01-red LED. See text
Other components
F1-3-amp, 250-volt, fast-blow fuse
BR1-VM08 bridge rectifier, Varo
T1- hand-made transformer (the

core is TOK # PC30EER25.5-Z
and the bobbi n i s TOK #
BEER-25.5-118CP)

T2- hand-made transforme r (the
core is TOK # PC30EC70-Z and
the bobbin is TOK # BEC-70-5116)

T3-hand-made transforme r (the
core is TOK # PC30EER25.5-Z
and the bobb in is T OK #
BEER-25.5-118CP)

T4-115VAC/15VAC center-tapped
transformer (Triad F-132P)

S1-SPST key switch
Mi scell aneou s: enclosure, alu mi­

num angle bracket , high-voltage
wire (to connect main unit to Tesla
secondary), 30-gauge magnet wire
for Tesla secondary and L1and L2,
24-gauge magnet wire for L3 and
L4, 18-gauge stranded hook-u p
wire for L5 and L6, 15-gauge mag-

net wire for T2 primary, 26-gauge
hook-up wire for T2 secondary, 18­
gauge magnet wire for both wind­
ings of T3, brass rod, discharge
ball, hardware, AC linecord, etc.

Note: TDK fer rite co res and bob­
bins are available from MH&W
International, 14 Leighton Place,
Mahwah , NJ 07430 , (20 1)
891-8800. The following items
are available from Corona Coil ,
PO Box 474, Riverton, UT 84065:
• T1-$15.00
• T2-$38.00
• T3-$12.00
• T4-$14.00
• Tesla secondary coil- $50.00
• PC board-$15.00
• Aluminum angle bracket
(heatsink and PC - bo a r d
mount)-$5.00

A 124-page book by the author,
Modern Tesla Coil Theo ry, is
available for $16.

Please add $15 S&H for the Tesla
secondary, and 10% S&H for all
other items.
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FIG. 4-HERE'S THE AUTHOR'S COMPLETED PROTOTYPE housed in its aluminum
enclosure. It's important that the case be properly grounded.

change the characte r is tics of the
coil and it may not op erate with
the dr iver unless modification s
in th e dri ve r a re made . Any
change in physical dimensions
or wire s ize will alter the resonant
frequency a n d effective imped­
ance of the coil. Any change to
the di scharge electrode will effect
the maximum energy obtainable.

The co il form for the secondary
win d ing is a s tan dard 5-gallon
plastic con tainer 10 inches in di ­
ameter at the bottom, 12 inches
in di ameter at the top, a n d 14
inches long. The bottom of the
con tainer becomes the top of the
coil. To make winding easier you
should drill a hole about an in ch
in diameter th rough the center of
the bottom of the container. A
similar hole should be drilled
through a removable lid an d then
the com plete coil form can be ro­
tated easily on a dowel. Start the
secondary winding I inch from
th e s mall -d ia me te r en d a n d
close-wind 30-gauge magnet wire
for a total length of 10 inches. It
does not matter what direction
the wire is wound in.

When winding the original coil
for this a rticle, shellac was u sed
to lubrica te the w ire as it was
wound and also to act as a sea­
lant a fte rwards . It was difficult to
wind the coil because the coil
form was very s lic k and had a
slight taper to it an d, as a result,
the wire kept slipping. It may be
easier to sp ray the container with
adhesive before winding the wire
to make it stay in place. A couple
of coats of shellac should be ap­
plied to the fini shed Winding. You
also must put 3 or 4 beads of s il­
icone sealan t a rou nd the en d of
the winding at the top of the coil
to keep corona discharges away
from t he a rea. If corona di s­
charges appear along the coil at
the top it will limi t the maximum
energy and destroy the coil form .

The di s cha r ge ball , or elec­
t ro de, is a bra s s-plated m e tal
d oorknob, I-inch in diameter,
that ca n be found in hardware
s to res (s ee Fig . 5). The ball is .
mounted on a 4-inch brass rod;
you can drill and tap the ends of
the brass rod with a 6-32 tap (or
whatever' matches the threading
on th e d o or kn ob) to m ak e
mounting easier. The brass rod is
con nected to the coil form by two
pieces of plastic, one on ea ch s ide
of the coil form, over the Yz-inch

...J

seconda ry coil may take an hour
or so to make if you prepare
ahead of time. Preparation in­
clu des making some device that
will eas ily rotate the coil form
while winding the wi re. The au­
th or used a s mall la the and it
took about 15 minutes of ac tual
winding time and 30 minutes to
ge t set up.

Do not deviate at all from the
following parameters of the sec­
ondary coil! Any d eviation will

---HOOT H.V. WIRE

R1

FIG. 3-PARTS-PLACEMENT DIAGRAM. It's best to play it safe and use the PC board for
this project; we've provided the foil pattern if you would like to etch your own board.

Construction
Mos t of the con s truct ion is fair­

ly s im ple if the printed circ u it
board is u sed . A parts-placement
di agram is s hown in Fig. 3 , an d
we've provided th e foil pattern if
you would lik e to etch you r own
board. Figure 4 shows the com­
pleted prototype board housed in
it s alu m in u m en closu re .

The m ost difficult item to con­
struct will be the Tesla secondary
coil, followed by Tl and T2. The
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L6 are wound after the trans­
former is mounted on the board;
L5 and L6 are wound with 18­
gauge stranded hook-up wire
with one turn each. Solder the
collector (Q4) end of L6 to the PC
board. Go one turn in a coun­
terclockwisc dircction around
the core ofTl and then terminate
the other end ofL6 at the primary
of T2. So lder the collector (Q3)
end of L5 to the PC board and go
in a clockwise direction around
the core ofTl for one turn, termi­
nating the winding at the cath­
ode of Dl.

Transformer T2 is also made
from a ferrite core and bobbin
from TDK (again, see the parts
lis t). The primary is 10 turns of
15-gauge magnet wire, although
a smaller gauge, say 18 , can prob­
ably be used. It does not matter
what di rection the wire is wound
in but the turns should be equal­
ly spaced across one layer of the
bobbin. Put several layers of cel­
lophane tape on top of the pri­
mary to insulate it from the
secondary and to provide a
smooth surface on which to wind
the secondary. The secondary is
made with 280 turns (the exact
n umber is not critical) of 26­
gauge hook-up wire. The direc­
t ion is unimportant. You can use
magnet wi re if you desire but you
shou ld put cellophane tape be­
tween each layer. The low-voltage
end of the secondary is the one
that is the closest to the primary
winding. When the windings are
complete, put the core halves
through the bobbin and hold
them in place with tape wrapped
around them.

Transformer T3 is made with
the same core and bobbin as Tl.
Both windings are bifilarwith 18­
gauge magnet wire for as many
turns as possible . The start of
both windings are polarized as
indicated by a dot in the sche­
matic diagram (Fig . 2). The pins
on the bobbin a re not used and
shou ld therefore be cut off, and
the 18-gauge wires are then sol­
dered directly to the PC board as
indicated.

An aluminum angle bracket is
u sed when mounting switchtng- ~

transistors Q3 and Q4. The ~

bracket provides the physical ~

support between the PC board OJ

and enclosure and also provides gj
good heat sinking for the tran- cD
s tstors . The transistors should ~

wound, as shown in Fig. 6-a; Ll
starts on pin 3 and L2 starts on
pin 4. Wind both in a coun­
terclockwise direction wh ile look­
ing at the top of the b obbin .
Terminate Ll on pin 1 and termi­
n ate L2 on pin 2. Put a layer of
ce llo phane tape on top of the
win d ing to insula te it fro m L3
and L4 .

Coils L3 and L4 a re made with
5 turns eac h of 24-gauge magnet
wire an d are also bifil a r wound.
on top of Ll an d L2 , and in the
same di rection. Coil L3 starts on
pin 6 an d L4 starts on pin 8 . Ter­
minate L3 on pi n 5 an d terminate
L4 on pin 7. This completes the
transformer until it is mounted
on the PC board.

Pu t t he two co re ha lves
through the bobbin and put tape
a rou n d them to h old them in
place. As shown in Fig . 6, L5 and

6-32 SCREW

ff\
~~ DISCHARGE BALL

I BRASS ROD

'I PLASTIC SUPPORT ON OUTSIDE
OF COIL FORM

PLASTICSUPPORT ON I _ ~
INSI DEOF COI L~ I7~E IN TOP OF CO I L FORM

c=)7
~

h ol e . A 6- 32 s c r ew pas se s
through the pi eces of plastic and
into the brass rod to hold the as­
s embly together. The wire is sol­
dered to a lug held in place by th e
6-32 screw.

A banana jack is u sed to make
con nect ions at the bo ttom of the
coil. Loca te the jack about 3/4 _

inch from the edge of the wire on
the coil. Silicone shou ld be used
to insulate the con nections be ­
tween the magn et wire an d the
brass rod and banana jack. The
fini shed coil, when built exactly
as we've s hown , will h ave a reso­
n ant frequency of abo ut 110 kHz.

Trans former Tl is made with a
ferrite core an d bobbin from TDK
(see the parts lis t). Coils Ll and
L2 are wound first wit h 30-gauge
m a gn e t w ire, 16 turns each ,
making one layer on the bobbin .
The tw o win d ings a re b ifilar

FIG.5-THE DISCHARGE BALL is a brass-plated meta l doorknob, 1-inch in diameter. The
ball is mounted on a 4-inch brass rod that's been tapped to make mounting the ball easier.
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T1
CORE

a

L5

03
COLLECTOR

T1
CORE

b

L6,,.- ...J"~ ~,

T2 PRIMARY 04 COLLECTOR

FIG. 6-TRANSFORMER T1 IS MADE by winding coils L1 and L2 first (a). Afte r putting a
layer of cellophane tape on top of the first windings, coils L3 and L4 are wound on top of L1
and L2. Coils L5 and L6 are wound after the transformer is mounted on the board (b). See
text for detailed instructions.

be insulated from the aluminum;
insulating hardware is normally
included when you purchase the
transistors. Use the PC board as
a template for drilling holes for
the transistors in the aluminum
bracket. The angle bracket is
mounted to the enclosure by dril­
ling holes and taping them with a
6-32 tap. Thermal conductive
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o
s FIG. 7-SEEN HERE IS THE DISCHARGE
C'? from the ball electrode into the air.
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compound is used between the
transistors and angle bracket
and between the angle b racket
and the enclosure.

A banana jack is mounted in
the back of the enclosure to make
connections between the Tesla
secondary coil and the high-volt­
age ferrite transformer. The out­
put voltage from the ferrite
transformer may reach 5000
volts peak with no load so it is
wise to use extra insulation for
the bananajack. Mount a piece of
plastic, 1V2-in ch square, to the
back of the enclosure over a l­
inch square hole, and mount the
banana jack in the center of the
plastic. That will space the ba­
nana jack at least V2-inch from
the metal enclosure.

The prototype used a lO-turn
potentiometer for Rl to make fre­
quency adjustments easier and
this allowed the use of a lO-turn
dial to mark the frequency set­
tings for different purposes. You
can use a regular potentiometer
but the lO-turn unit is superior.

An enclosure was fabricated
out of Vs-in ch aluminum with a
plextglass top. but any metal en­
closure would be suitable. Just
be absolutely sure that you
ground the metal enclosure.

Operation
Warning: The power output

from the Tesla coil is dangerous!
Make sure no one comes in con­
tact with the output voltage di ­
rectly from the driver. Make sure
nobody tampers with the unit,
and keep it out of reach of chil­
dren. Make sure you use a key

FIG. 8-THE SPARKS WILL JUMP even
farther if a grounded electrode is placed
near the discharge ball.
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55 wh ich for the first tim e allows a new
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than you would expect. Very
s light adjustments in the tune
control m ay . im p rove the di s­
charge. You should be able to get
7 -inch streamers with a
grounded electrode above the coil
(see Fig. 8). Be aware that any
change of the physical surround­
ings a round the coil will change
its resonant frequency and the
tune control will need to be ad­
jus ted to maintain resonance .
When ope rating the Tesla coil , be
aware of the temperature of the
en clos ure where .the alumin u m
angle bracket is mounted. Shut
off the power if the area gets too
warm. The prototype was oper­
ated for 2 full minutes, an d you
co u ld just star t to feel so me
warmth on the enclosure . How­
ever, you should operate the Tesla
coil only for short peri ods of time.

Once you h ave a working unit
you can start to experime nt with
different th ings . Try removing
the discharge ball and use a point
instead . Try changing the di s­
tance of the ball electrode from
the coil. TIy h old ing an incandes­
cent lamp a short dis tance from
the coil- but be very ca refu l. Dif­
feren t lamps will produce dif­
ferent discharges. R-E

Connect the Tes la secon dary
co il to the d ri ver with a 3 -foot
insu lated wire (it is a good idea to
keep at leas t 3 feet from the sec­
ondary coil). You should always
unplug the driver when you are
making connections between the
driver and secondary coil to be
absolutely safe . The wire con­
n ecting the coil and driver car­
r ies a dangerous a mount of
power so be certain the wire is
well insul ated . In a dimly lit room
you s hou ld be able to adjust the
tune con tro l to set the driver at
the coil's resonant fre quency. Ob­
serve the LED an d watch for one
place in the tu ning control's ad­
justment where the LED glows
brigh ter than a nywhe re else.
Never apply fu ll power to the driv­
er unles s you can obtain res o­
nance first. Damage to the driver
will mos t li kely occu r if res o­
nance is not maintained.

Once you ob tain resonance you
can switch to t he fu ll -p ower
m ode; the LE D will glow ve ry
b rightly. With n o objects arou nd
the co il yo u s hou ld observe a
snappy brush di scharge 5 to 6
inches in length emanating from
the di scharge electrode (see Fig.
7). It might be somewhat lou de r
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switc h to tu rn power on an d off to
prevent someone fro m getting in ­
ju red , and keep the key in a safe
place .

Caution: All components on
the secondary of Tl are n ot iso­
la ted from the power line . Use
caution when measuring values
in th is area. You must isolate an
oscilloscope from grou nd if mea­
suring in this area. Make su re
you use a three-prong power cord
and that the case of the driver is
well gro unded . Also, make sure
you p lug the unit into a we ll­
grounded electrical outlet.

Doub le check a ll wi r ing to
make sure it is correct. Make su re
t he operate switch is in t he
stand by position (line volta ge
di sconn ected from Dl). Us ing a
d igital volt mete r isolated from
g rou n d, measure the vo ltage
across C3 and C4. If everyth ing is
working correctly in the low-volt­
age c ircu it ry, there s h ou ld b e
about 2 .5 volts across those ca­
pacitors . If that voltage is n ot
present you should check the 21­
volt power su pply. Make su re that
5 volts is on pin 16 of ICI. If the
osc illator is working correc tly
you s hould h ave about 3 .6 volts
on pi n 6 of ICI.
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Spectrum
Analyzer

DAN DOBERSTEIN AND JOHN CARDONE

LAST MONTH WE DISC U S SED THE

theory behind our PC-based 810­
MHz spectrum analyzer. This
month, we'll show you how to
build it and discuss the software
used to operate the instrument.
Before we get into the con­
struction, let's start off with a de­
scription of the setup and
operating software. All executa­
ble files we mention here can be
downloaded from the Radio­
Electronics BBS (516 -293-2283,
1200/2400, 8Nl , file SPEC­
AN.ZIP) . Even before you build
the analyzer, we would recom­
mend that you download and run
the software. (It will run even
without the board installed.)
Even though you won't get any
meaningful data, it will help you
to understand exactly how the
software operates.

Software and operation
Ul Before you can use the spec­
~ trum analyzer, some software set­
m tings must be initialized so that
~ the host computer will know at
gJ what address the analyzer re­
~ sides, which printer port will be
~ used, and the type of printer that

will be used. The initialization is
40

performed with SETUP.EXE,
which is a stand alone program
that must be executed outside of
the main program menu. The de­
tails of using SETUP are covered
in the README .DOC file. SETUP
stores your system configuration
and needs to be re-executed only
if something changes.

The two main programs are
810EGAEXE and 81OCGAEXE.
One is used for EGA systems, the
other for CGA Both programs
operate the same way. The EGA
version supports VGA/EGA
moni tors and has color ca­
pabilities if your monitor sup­
ports color. The CGA version has
reduced graphics resolution and
the sweep display will be mono­
chrome. All the photos presented

. here are from the EGA version.
The CGA version was included
primarily to support low-end lap­
top com pu ters u sing the parallel­
printer interface.

When the software is executed,
a copyright message will be dis­
played while it is loading the cal­
ibration files. After a few mo­
ments the sweep display will
come up. Figure II shows a typ­
ical sweep display. The display is

continually updated as the local
oscillators's (LO's) are swept and
new data is gathered. The box on
the left side of the screen con­
tains the list of function keys
that are currently active. All user
interactions from the sweep dis­
play a re initiated by function
keys, arrow keys, or the ESC key.
Function key FI is always u sed to
bring up the Instrument Setup
menu. The user can change all
the settings of the spectrum ana­
lyzer from the menu. That will be
covered in more de tail la ter.

Function key FlO activates the
marker function. When the
marker is on, the sweep is inter­
rupted until a retu rn to sweep
mode is commanded (ESC key).
Once the Marker is up, the user
can do a peak search, or by using
function key F7 toggle the delta
marker on and off. The marker is
moved using the arrow keys with
the power and frequency (or de lta
power and delta frequency) dis­
played in the lower left corner of
the screen. Another feature of the
marker is to tune the spectrum
analyzer as you move it, enabling
the marker to act as a station in­
dicator for the FM demodulator.



FIG. 11-THIS IS WHAT YOUmight see on
a typical sweep display.

Using an external speaker and an
antenna on the input you can
"scan" the bandwidth of the ana­
lyzer, listening for d ifferent FM
broadcasts.

Function key F8 activates a
screen dump. Your printer must
be selected using SETUP for this
to work. A large number of

...,
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printers are supported. ranging
from Laserjets to low-end dot ma­
trix types. When you return to ac­
tive sweeping the marker turns
off and the functions associated
with it (FM tuning. screen dump.
and so on) are not accessible to
you.

When you're in the sweep
mode, you can save and recall all
the settings of the analyzer using
the function keys preceded by the
ALT key for saving states. and the
CNTRL key for recalling states.
Ten states are available : one for
each ALT/CNTRL function key
pair. The states are numbered 0
through 9 and are stored on the
disk as STATEx.DAT. STATEO is
special because it is used as the
wake up state of the machine.
You can modify the wake up state
of the analyzer by just saving a
new STATEO using the ALT F1
keys.

Instrument setup menu
By using the up/down arrow

keys of the setup menu you can
move to the itern you wish to
change or execute by hitting re­
turn. Start frequency, center fre­
quency, and span determine the
portion of the spectrum ana­
lyzer's bandwidth you wish to ex­
amine. Center and start frequen­
cies cannot be independently
chosen. In other words, you can
only specify start and span or
center and span frequencies .
That's due to the fixed-span table
approach used in the analyzer.
The fixed spans are: 800, 600,
500.400,300.200,100,50,25.
12.5. 10.5, 2.5. 1.25. and 0.625
MHz. When the span is less than
12.5 MHz. the resolution band­
width (RBW) is automatically
switched from 280 kHz to 10 kHz.
No direct user control is provided
for the RBW setting.
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FIG.12-PARTS PLACEMENT DIAGRAM. Note the location of the four coax runs. Make
sure you install all chip capacitors first because of their small size.
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All resistOrs are Va-watt, 5%, -unless
otherwise noted.

R1, R33-3300 ohms
R2, R31 , R32, R43-5600 ohms
R3-R12,A37, R38. R46, R47, R49, R50,

R66-22,OOO ohms
R13,R22,R23,R27,R39,R40,R48,R53,

R54, R57, A61-470 ohms
R14, R56, R6o-1000 ohms
R15.R28-R3o-notused
R16, R17, R24-18ohms
R18, R45, R59, R62-68 ohms
R1!t-180 ohms, Y4-watt .
R20, R52-1800 ohms
R21-47,000ohms
R25-240 ohms
R26-180ohms
R34, R35, R51, R55, A58-56,OOO ohms
R36, R41 , R42-100,OOO ohms
R44, R64-10,OOO ohms
R63--390,OOO ohms
R65--.10,000ohms x 7 SIP resistor
Capacitors
C1 , C2, C22., C36, C40, C44, C45, C53,

C56, C63, C64, C91-1 fl-F, 50 volts,
tantalum

C3, C48, C6o-D.1 fl-F polyester
C4,C42, C49, C59-47,000 pF, polyester
C5, C6, Cs.-c18, C32, C46, C47, C61 ,

C88-C9o-D,001 fl-F, ceramic disc
C7, C62-330 pF, ceramicdisc
C8, C68, C6!t-100 pF, ceramic disc
C19, C38, C66-22pF, ceramic disc
C20, C26,C34,C37, C41-10pF,ceramic

disc
C21 , C35, C67, C73-1000 pF,chip
C23, C71 , C74-2.7 pF, ceramicdisc
C24, C25,C97--notused
C27-C31, C33 , C50 , C70 , C7 2,

C75-C87, C92-C95-0.01 f.l.F, ceramic
disc

C3!t-200 pF, ceramic disc
C43, C51-Q .01 fl-F, polyester
C52, C54-1000pF, polyester
C55, C57, C99, C10o-220 fl-F, 35 volts,

electrolytic
C58-220 f.l.F, 16 volts, electrolytic
C65-5 pF, ceramic disc
C96-10 fLF, 16volts, tantalum
C98-10 f.l.F, 16volts, tantalum
Semiconductors
IC1, IC2-Not used

PARTSLIST

IC3-MC34063, step-up voltage reg­
ulator, Motorola

IC4, IC5- 74LS244, three-state octal
driver

IC6-74LS04, hex inverter
IC7-AD558, 8-bit AID converter, Analog

Devices
IC8-74LS164, 8-bit par out shift register
IC9, IC1o-74LS374, three-state octal

driver
IC11-74LS32, quad OR gate
IC12-ADC0834, AID converter, Na­

tiona l Semiconductor
ICi3, ICi6-NE615, receiver,

Signetics
IC14, IC15, IC23-MC44802, PLL,

Motorola
IC17- 0 E-175-i 4, tuner, Zenith
IC18, IC19--74LS138, decoder
IC2G-74LS688, address decoder
IC21-74LS245, bus transfer
IC22-LM386, audio amp, National

Semiconductor
IC24-NE602, oscillator/mixer,

Signetics
01-04, 07-2N3906, PNP

trans istor
05 , 08-MHF901, double em itter

NPN transistor, Motorola
06-2N3904, NPN trans istor
D1 , D4-MV209 or MV2105, varactor

diode, Motorola
D2-IN5229B, 4.3 volts, Zene r
D3-1N4003, diode
LED1-Any red light emitt ing diode
Other components
L1-T10307, 0 .15 mH , 7-mm can

type , Toko
L2-T10407, 1.0 mH, 7-mm can type

Toko
L3-421F224, 5,8 to 3.7 ml-l, 7-mm

can type , Mouser
L4-220 mH coil, Mouse r
L5--3 turns of # 30 AWG wire on # 23

drill, LS =O,138"
L6-5 turns of #30 AWG wire on # 42

drill, LS =O.2"
L7-3 turns of #30 AWG wire on # 42

drill , LS =O.138"
T1-42IF128, 10 -mm can type ,

Mouser

T2-42IF102, 10-mm can type ,
Mouser

FL1, FL2, FL5--SK M1,10.7-MHzce­
ramic filter, Toko or Murata Erie

FL3, FL4-CFM2-455E, 455-kHz ce­
ramic filter, Toko

XTAL1-34.3000-MH z sta ndard
crystal

XTAL2-XTAL107 , 4.00-MHZ TTL
oscillator

S1-7-position DIP switch
Connectors
J1, J2, J4-Female F-type bulkhead

connector
J3-HCA audio jack , PC board

mounted (90°)
J5, J6-F-type connectors are part of

tuning assemble (IC17)
J7-3-pin type , Molex , 0.156" a.c.

power connector
P2-36-pin DIP header
Two HCA male connectors for coax

to tune r connection
Miscellaneous

• Bottom shield-3-7/8" x 3-7 /8"
sing le-sided P,C board with glass
epoxy, copper side facing away
from board . Four 1I2-long screws,
four 4-40 nuts and bolts, tour lock
washers and insulating washers.
• Lowband shield-2-1!4" x 2-1/2"
sheet meta l.
• Hear pan e l with mounting
screws.
• 3 inches of 0.047 miniture coax .
• 16 inches of HG174 coax.

Note: The follOWing items are
available from DKD Instruments,
1406 Parkhurst, Simi Valley, CA
93065; (805) 581·5771: A corn­
plete kit including executable
and data files on a 5-1/4 inch disk
with manual, $255.00; Cen­
tronics inte rface cable, $13.00;
power cab le , $4 .00 ; an as ­
sembled, tested, and calibrated
unit, $500.00. Send check or US
postal money order. Allow 3 to 5
weeks for delivery. California
residents add 6% sales tax.



FIG. 13-THE 10.7 MHz TO 455 kHz COAXIAL RUN reduces spurious pickup from the 455­
kHz IF.

(f)
m
"U
--i
m
s:
CD
m
:0

CHIP CAPACITOR DETAIL

PC BOARD CONDUCTOR

FIG. 14-USE THIS DIAGRAM as a guide to
installing the chip capacitors.

Construction
The entire circ u it of the spe c­

trum analyzer is mounted on one
double-sided PC board. We have
provided foil patterns of the com­
ponent s ide and the solder side of
the PC board if you wish to make
it you rself. Before moun ting any
compo nents . you s hou ld visually
inspect the bo a rd for s horts and
so lder bridges. es pe cia lly arou n d
the pads tha t a re su r rou n de d by
the grou n d plane. That ca n be
done by putting a b right light be­
hind the board , which really

cu racy. Most of the power er rors
come from variations in the ga in
of individu al tuner modules.
which a re app roximate ly ± 2 to 3
dB over the en ti re bandwidth.
The RSSI data tends to ch ange
very little. Because of that. the
largest er ro rs will be at the band­
swit ching points. The averaged
gener ic calib ration files are pro­
vided with the kit. and a re posted
on the Radio-Electronics bul­
letin board.

0.047" 0.0.
OR 0.034" 0.0.

SEMIRIGID COAX

SOLDER SHIELD
OF COAX TO

GROUND PLANE

-10"'~ 7/~7/16"
"l I ~/_- 112"-----~1

10.7MHzTO 455kHz
COAXIAL RUN

Calibration
Three power related calib ration

files a re used by the spectrum
analyzer : one for the au tomat ic
gain con trol (AGC), one for the
received-signal strength indica­
tor (RSSIl. and a user-generated
er ror table. The AGC calib ration
tables cor rec t any variations in
gain using the DAC input to the
AGC pin of the tuner. Most of the
va r iat ions a re in the tu ner. One
table for each value of internal
attenuati on is provided.

A set of six data files are also used
for the lowband and htghband
modes ; namely the AGC*.DAT files .
The RSSICAL*.OAT calib rat ion
fil es a re u sed to " li near iz e "
and map the RSSI voltages to an
a bs o l u te power level. Tw o
RSSI fil es a re u s ed ; on e for
each RBW. 1\\'0 user-generated
files , POWERRH .DAT a n d
POWERRL.DAT, can be u sed by
k i t builders t o improve th e
accuracy of their power readings
if th ey ca n ge t th e ir h ands
on the equ ipmen t needed. The
d etails of u sing the program
USERCAL. EX E a re covered in
README .DOC. That er ro r tab le
is optional, an d for factory cali­
brated units it is zeroed out.

If you build a ki t , you 'll have to
live with the generic ca lib ration
files which. as mentioned above.
r esult in degraded power ac-

would result in er roneous power
m easurements .

The exit to sweep menu item
returns th e u ser to the sweep di s­
play. Hitting the ESC key while
on the menu bar docs the same
thing. Exi t to Dos returns control
of PC to DOS.

Band select
Th e band selec t menu item al­

lows the user to select which in­
put is go ing to be us ed : h tghband
or lowband. The user must select
the band of op eration an d con ­
n ect to the appropr ia te input be­
cause au toswitch ing is not pro­
v ide d . Th e h tg h b a n d in p ut
shou ld not be term inated when
u sing the lowband input. Tha t

Sweep rate
The s w ee p rate d etermines

how fast the display is updated
a n d how long i t takes to g o
through one sweep. It is directly
affected by the CPU clock speed.
For a given swee p rate. a faster PC
will finish the sweep in less time
than a slower PC. Sweep spe ed
increases wi th higher values of
sweep rate. The sweep rate and
power accu racy are interrelated;
longer sweep times usually result
in more accu rate power me asure­
m ents. That has to do wi th the
video bandwidth a n d PLL set ­
tling time. A fixed number of
sweep rates a re p rovide d in the
analyzer: 1. 3. 5 . 10, 15. 20 , an d
30 . A more com plete di scussion
of the sweep ra te an d power ac ­
cu racy relationship is given in
the README. DOC file.

Th e referen ce level a n d a t ­
tenuati on sett ings determine the
power level of the to p lin e of the
sweep gr id. That is a u ser-entered
number that can take on a ny
Ooa ting-poin t value . The u s er
ha s a choice of th ree se ttings for
in ternal attenuation: O. 10. an d
20 dB. The atten uation is imple­
mented by reducing the gain . not
by the use of a tten u at ion pads.
That's a s u b tle yet s ign ifican t dif­
fer ence from hi gh-end analyzers
that use switched attenuators for
ga in reduction. User attenuation
is located in th e input p ath.
which is conven ien t for au toma t­
ically calculating in the effects of
inline atten uati ons. Since that's
a floating point en try. negative at­
tenuations (or gains) can also be
en te red in the s ignal path. There
are three choices for the vertical
power scale units using the dB/
div entry: 2 . 5 . and 10 dB . Refer­
ence level, atten u a lion. an d dB/
di v affect the pla cement of the
power data on the sweep grid. It's
best to exper imen t with different
settings to get a feel for how they
interact.
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FIG. 15-TWO RG-174COAX RUNS ARE SHOWNfor the RF input to tuner (a) and the tuner
LO to the PLL1 (b).

TO RF INPUT
TUNER

FIG.16-THE RF FEED FOR the lowband injection coax. Make sure your center conductor
is as short as possible.

Tuner installation
Before the tuner can be in­

stalled, two RG-174 coax runs to
the RF input and the LO output
must be connected, as shown in
Figs. 15-a and -b. If you don't get
the lowband option, the RF input
is just a direct feed using RG59
cable to a female/female F-type
connector on the rear pan el plate.
After the cables are made, con­
nect the LO cable to the board
and solder the coax sh ield to the
grou nd plane. Now make the RF
feed. (If you have the lowband op ­
tion , Fig. 16 shows you how to
con nec t the coaxial cable to the
bo ard.)

Using the outer shield of the

nite resi stance, as before . If you
read a s h or t or ve ry low resis­
tance, look for solder bridges.

Now solder in the res istors ac­
cord ing to the compon en t layout.
Again , check the power buses for
shorts using the ohmmeter. In ­
stall the inductors and coils next.
Ifyou buya kit, L5 , L6, andL7 are
already made. Install a ll fil ters
and crystals . Their leads can go
in either d irect ion. Lay XTALl
down flat and sol der its case to
g r ou n d . The case of XTAL2
should also be tied to ground
using a small piece of wire . So l­
der in the diodes , being careful to
observe the correct pola r ity. Do
the same for transistors QI-Q8.
Q5 an d Q8 are surface-mou nt
types fro m Motorola; "M" marked
on the top indicates the collector.
Usi n g the ohmmete r again ,
check for shorts on the power
buses .

Wh en installing the IC's , use
so ckets for all the chips except
the NE6 15's, MC44802's, and the
NE602. Those chips need a clos e
con nection to the grou nd plane
to e n s u r e proper ope ration.
Check for shorts again. After you
install IC3 (th e MC34063 step-up
voltage regulator), make sure you
have 33.3 volts DC between R62
and ground. That is where the
33.3-volt power lin e comes from.
If you really want to be thorough,
use an ohmmeter to check every
IC pin for shorts to ground and
verify that the pins that s hould
be grounde d are grounded. Now
install the mechanical parts: the
RCAjack, 3-pin Molex connector,
36-pin dual h eader (for the paral­
lel in terface ), DIP switch S I , and
R64.

TO RF
INPUT

OF TUNER

ATTACHTO
GROUND PLANE

TO IC15 LOINPUT
(C6,PLL1)

C66
22pF

LOWBAND INJECTION
. OF 145MHz IF

shown in Fig . 13 . Using an ohm­
meter, check to makc sure the in ­
ner co nductor is not shorted to
grou n d. RG174 type coax, with
the extern al in sul ati on removed ,
ca n b e u sed but it's a tight fit .

You're n ow ready to start so l­
dering in the.com po nents. Ins tall
chip capacitors C2 1, C3 5, C67,
C72 , and C73 first, using Fig. 14
as a guide . Because of thei r small
size they can be very di fficult to
install with the board fu lly s tu ff­
ed . Solder in all remaining capac­
itors. Check them off on the parts
list as you install them, th en re­
check the power bus es with an
oh m meter. You shou ld read infi-

a

SOLDER TO RCA
SHIELD

LOWBAND INJECTION COAX

KEEP EXPOSED
CENTER CONDUCTOR

TO A MINIMUM LENGTH

TUNER LO TO PLL1 COAX

RF INPUT TO TUNER COAX

SOLDER TO RCA

TIN
SHIELD
BRAID

FOR SOLDERING
TO GROUND PLANE

TO'F'
BULKHEAD

CONNECTOR
HIGHBAND

INPUT

makes the pads standout. After
careful visual inspect ion , check
the +5- , + 12-, an d +33.3-volt
power buses fo r shorts to
grou n d .

Figure 12 shows the compo­
nent placement, as well as the lo­
cations for all coax runs. Before
moun t ing a ny components , a
s hort coax run mus t be installed

~ on the top si de of the board. A
z small piece of semir igid coax is
~ used to connect the 1O.7 -MHz IFo from FL5 to the input from the
~ 455-kHz IF m ixer (IC13 , pin 1).
W T he coax reduces the spu r ious
~ p ickup for the 455-kHz IF. Cut,
C2 strip, and b en d the coax as
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TIN SHIELD
AND SOLDERTO
GROUND PLANE

SINGLE SIDED (31fs" x37/8")
GLASS-EPOXYBOARD
COPPER SIDEDOWN

PLATED THROUGH
HOLES (4)

\1

RG174
OUTER INSULATION

REMOVED

Tuning the unit
The spectrum analyzer can be ~

used to fine tune Ll , L6, T L, and ~

T2; L2, L3 , L5 , and L7 shou ld ~

need no further adjustment. Ad- OJ
mjusting the co ils is easier with the JJ

card outside of the PC case, for c:e
ins tance if you us e the parallel co

th ing goes well, you should see a
. se r ies of lines 4 MHz apart s lowly

rolling off in a m p litude . If you
don 't , go to the "Troubleshoot­
ing" section .

------11/2"- - - - -

HIGHBAND COAX TO REAR PANEL

TRIM OFF
SOLOER

TO SHIELD

~

~::J
LOCK~+

WASHER - ----®
4- 40NUT--------

SOLDER TO CENTER CONDUCTOR OF BULKHEAD JACK

TINSHIELD AND
HERE SOLDER TO "F"CONNECTOR

REAR PANEL

J1
HIGHBAND

INPUT
"F"JACK

NUT

BOTTOM SHIELD
4-40 BOLTS (4)

1/2" LONG

First power up
Put the card in the com puter

or, for external use, connect it to a
parallel por t and external power
su pply. Connect the comb output
to the htghband input and turn it
on. Check the + 5-, + 12-, and
+33-volt levels to make sure they
are correct. Run either 810EGA
or 810CGA p rogram, depe nding
on you r video adapter. The sup­
plied wake-up state is a span of
400 MHz with a start frequency
of 10 0 MHz. Assu m ing every-

INSULATING
WASHER

4-40 NUT

FIG. 18-THE BOTTOM SHIELD ASSEMBLY is shown here. Make sure the copper side of
the shield is installed away from the PC board.

FIG.17-THE HIGHBAND COAX RUN is shown here. This coax connection must be made
before the terminal panel is installed on the PC board .

TUNER

Terminal panel and shield
Before you mount the terminal

panel to the board, connect the
htghband coax run as shown in
Fig. 17. Connect the coax to the
board first, then connect the low­
band and comb F connectors to
the terminal panel. Now con nect
the htghband F connector to the
terminal pa n el and secure the
panel to the board u s ing two 4-40
screws and nuts. Solder ju mpe rs
f rom the pla ted ho les in t he
printed-circuit board to the cen­
ter conductor lowb and and comb
F connectors.

Figure 18 shows the moun ting
details of the bottom s h ie ld ,
which is made of a s ingle-side d
PC board and is m ounted , wit h
the copper side facing away fro m
the main board, u sing four 4-40
bolts. This shield shou ld be in
p lace before yo u perform any
final tuning as it effects signal
levels .

Coil pretun e
We're almost ready to power the

unit up, but first we need to pre­
tune the coils. Most of coil adjust­
ments are noncritical. Use the
following initial settings just to
get you started:
• Ll-5lug is 1112 turns from the
bottom (fine adjust la ter ).
• L2-5lug is 11

/ 2 turns from the
top ( ± 1 turn).
• L3-5lug is all the way to the
bottom.
• L5-Close wound.
• L6-Close wound.
• L7- Clos e wound.
• TI-5lug is 1Y2 turns from the
top.
• T2-5lug is 1Y2 turns from the
top.
The spectrum analyzer should
work with those settings. All ad­
justments from here on for fine
tuning.

lowband coax as a gauge, put the
tuner on the board , top s ide up,
by tacking the corners down with
solde r. Don't solder the lowb and
shield on yet, that goes on after
tuning L6. Two holes are pro­
vided for using tie wraps to hold
down the tuner if you desire. Cut
small p ieces of wire to connect
tuner pins 1-8 on the bottom
edge to the appropriate holes on
the board. Make su re the IF OUT

jumper is as short as possible.
Now connect the two RCA jacks
for the La OUT and the RF IN coax
runs.
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LOWBAND SHIELD

FIG.20-THE DAC OUTPUTfrom IC7 goes
to IC17and IC12 as shown here.

marker at the peak of the signal,
even if the audio drops out. Ad­
just Tl now for the best sound.
T2 can be adjusted the same way,
but you 'll have to pick off the au­
dio and amplify it as it is not con­
nected to an amplifier. You will
also need a narrowband FM
broadcast for proper adjustment.
With a little hunting you should
be able to find one. (Tryyour local
National Weather Service broad­
cast station in the 162.4-162.6
MHz band.) The adjustments of
T1 and T2 only effect the FM de­
modulation and do not effect the
accuracy of the instrument.

Troubleshooting
Typical symptoms indicating a

problem are a flat or "pegged"
sweep display and no response to
inputs. Two programs are avail­
able to help in the troubleshoot­
ing process; BLINK. EXE and
ADCDAC.EXE. BLINK is used to
give a simple visual indication
that the host PC has some com­
munication with the card. With
the card plugged into the PC or
parallel cable, run BLINK. The
LED on the card should blink at
approximately I-second inter­
vals. If no blinking at all occurs ,
you have a communication prob­
lem with the PC. Double check
the interface settings using SET­
UP; if those are wrong the card
won't respond. If Wiggling cables,
checking power-supply voltages,
and every permutation of inter­
face selections does not result in
a successful BLINK, you most
likely have a hardware problem.

ADCDAC.EXE is a more exten­
sive test in that both reading and
writing to the card are involved.
There is little chance that this
test will be successful if BLINK
fails . ADCDAC sends a voltage
level to the DAC, then reads that
voltage using the ADC. If the read
voltages are within the toler­
ances, the test is declared a suc­
cess. ADCDAC returns a pass/fail
verdict upon completion. If you
fail, it could be an interface prob­
lem or a problem with the ADC or
DAC. Passing does not guarantee
that all systems are go, just that
the interface and ADC/DAC seem
to be working.

If you still can't find the prob­
lem, see README.DOC for more
things to try, or call DKD Instru­
ments at (805) 581-5771. They'll
be happy to help you. R-E

comb out to the lowband input
and set the spectrum analyzer as
follows:
• Bandselect-Iowband
• Span-IOO MHz
• Start freq-5 MHz
• Inter atten-IO dB
• Ref level 40 dBm

The sweep display should show
lines every 4 MHz. If the upper
end lines are missing, open up L6
a little and the upper lines should
start appearing. You should be
able to see the line at 104 MHz
when L6 is adjusted properly.
Once L6 is adjusted and you're
confident that the lowband cir­
cuit is working properly, install
the shield over the circuit. Figure
19 shows the details of that
shield.

Set Ll by observing the power
level of the noise floor. Terminate
the htghband input in 50 to 75
ohms and set the band select to
htghband. Use the following set­
tings to make a measurement:
• Span-12.5 MHz
• Center frequency-120 MHz
• Sweep rate-3
• Inter. atten-IO dB
• Ref level- - 40 dBm

The sweep display should show
almost a flat line. Turn the slug of
Ll until the noise floor reads
- 100 dBm. An alternative and
more accurate method requires a
crystal source of known power
level. For best results , the fre­
quency of the source should be
between 100 to 500 MHz. Set the
spectrum analyzer to display
your line using the 12.5-MHz
span and a sweep rate of 1. Now
adjust Ll so that the power level
of your line is correct.

Tl is tuned by using the spec­
trum analyzer as an FM radio.
The setup settings are:
• Span-25 MHz
• Start freq-85 MHz
• Band select-i-htghband
• Volume potentiometer (R64)­
centered

Connect an antenna up to the
htghband input. You may have to
use an outside antenna. You can
make a simple antenna by at­
taching a 2- to 3-foot piece of wire
to the center conductor of the in­
put. Connect a speaker to the au­
dio out RCA jack. Now let the
analyzer make a few sweeps. You
should be able to hear FM broad­
casts as the analyzer sweeps by
them. Now activate the marker
and find a strong station. Put the

FROM FIG.10
IC11-b. PIN12

+12V.---~~-

15 Rl
3.3K

01
DAConT 2N3906

16

D2
lN52298

4.3V

IC?
AD558

1 DO

2 Dl

3 D2

(FIG10)

CORRECTIONS
There may have been some con­

fusion where the DAC output from
IC7(Fig. 10)goes to from our Part I
article. Just to clarify those con­
nections, we have redrawn the
correct DAC outputs in Fig. 20.
Two other corrections are noted
below.
• The power-supply line to Pin 2 of
IC15, IC23, and IC14 is 33.3 volts
DC.
• Two signal labels, LOIN and
V E' should be reversed In IC23
oTVf:e signal-processing block di­
agram (Fig. 6).

I~
~ BEND OVER AT ~

DOTTED LINES INTO 'U"
SHAPE

FIG. 19-THE LOWBAND SHIELD is sol­
dered on the top side of the PC board.

en
o
Z interface. Allow about 5 minutes
~ for warm up and then tune theo coils in the following sequence.
~ The maximum span available
w6 from the lowband is affected by
o L6. It is tuned by spreading, or
~ closing, its turns. Connect the
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BUILD HE
MICROANALYZER

Repair microwave ovens the easy way
with the Microanalyzer.

DID YOU KNOW T HAT MICHOWAVE

ovens were invented more th an a
quarter century ago using tech­
n ology more than half a cen tu ry
old ? Even s o. many elec tron ic
technicians are relu ctant to ser­
vice them because they do not
underst and th em. Th at's a
shame . conside ring the fact that
th ere are millions of th em in use.
True, there is enough power in
eve n the s malles t mi crowave
oven's power su pply to kill a per­
son. yet mos t tec h n icia ns repa ir
televisi on receivers with m any
tim es more voltage without giv­
ing it another though t. The point
is t hat a t echn ici an with the
proper knowledge. who follows
safe. intelli gent procedures will
never have a bad expe rience, and
can make lot s of money.Th is ar ti­
cle exp la ins how mi crowave
ovens work. a n d shows you how
to check all of the critical parts
using the Microanalyzer project
that we'll show you how to build .

How they work
A microwave oven is s im ilar to

an RF lin ear amplifier that h as

been purposely tuned to be un­
stable. and therefore to oscillate.
The oscillator/amplifier tube is
called a magnetron. and its sche­
matic is similar to an ordinary
tube rectifier (see Fig . 1). How­
ever, instead of the electrons hav­
ing free space to boil off of the
filament/cathode to be grabbed
by the plate, the elect rons are
purposely frustrated by placing a
powerful circular magnet arou nd
the cath ode . ca using the elec­
trons to rotate arou n d the cath­
od e on their way to the plate.
There are cavit ies in th is sec tion
of a crit ical diameter tha t will
cause the oscillations to be of a
certain frequency. usually 2450
MHz. Because the plate of the
tu be does not operate at a high
voltage . but instead is a t groun d
potential, the cathode. the refore.
is powered by a very high nega­
tive vo ltage, us ually betwee n
th ree a n d four thousand volts.
The filament of the tu be is di­
rectly heated , so it must be capa­
ble of handling the high negative
voltage as well as passing a 3-volt
AC filam ent cu rrent of abou t 10

amps. In most microwave ovens,
a single power transformer has
both high-voltage an d low-volt­
age secondaries.

The magnetron tube has a wire
in the plate cavity that intercepts
the SWirling electrons and pa sses
the energy to the top of th e tube
where the energy is transmit ted
by a small antenna tuned to th e
proper wavelength. The energy
therefore transmits horizontally.
similar to the ripples in a pond
caused by a dropped pebble. Th e
mi crowaves a re r outed b y a
square metal tube. or duct. called
a waveguide, whose cross dimen­
s ions are tuned to the same wave­
length as th e magnetron . The
waveguide di rects th e mi cro­
waves to the inside of the oven
th rough a plast ic or mica panel
ca lle d a wav egu id e cover. The
cove r ke ep s fo od p arti cl es,
grease. and steam from entering ~

the waveguide. ye t pass es the ~

magnetic ene rgy. m
Most microwave ovens have a S

stir rer. which ca n be motor acti- gJ
vat ed . or in many ovens may be CJ:l

blown propeller s tyle by the air ~
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FIG. 1-A MICROWAVE OVEN'S oscillator/amplifier tube is called a magnetron. The
electrons are purposely frustrated by placing a powerful circular magnet around the
cathode, causing the electrons to rotate around the cathode on their way to the plate.
There are cavities in this section of a critical diameter that will cause the oscillations to be
of a certain frequency, usually 2450 MHz.

COOLING
FINS

FILAMENT

ANTENNA

inet. First, a 3Y2 digi t DVM is in ­
corporated to measure u p to 500­
volts AC or DC, with a h igh-volt­
age input that allows u p to 5000­
volts AC or DC. Second, a high­
voltage supply is wired to a cir­
cuit that allows the testing in-cir­
cuit of the high-voltage diode and
capacitor, with test voltages as
high as 700 volts peak-to-peak.
The results are plainly displayed
by four neon indicators. Third, a
semiconductor checker allows
the testing of devices such as tri­
acs, s ilicon controlled rect ifiers ,
b ipolar transistors, diodes , and
MOS FET's .

Figure 5 is the schematic of the
Microana lyzer. Power trans­
former T l has a low-voltage sec-

,-.="l--1..._-------INSULATOR

FILAMENT AND
CATHODE TERMINALS

TUNED
VANES

BYPASS
CAPACITOR

MAGNETS

The Microanalyzer
The Microanalyzer is actually

several pi eces of test equip me nt
rolled into one easy-to-carry cab-

BRAIDED
METAL

GASKET

former is energized or d e-en er­
gized by a relay or triac, as shown
in Fig . 4.

More sophisticated ovens may
use a temperatu re probe , or even
a heated t in-ox ide gas-vapor sen­
sor to determ in e when the food is
cooked . The thermistor's resis­
tance in the probe, or the voltage
ou t p u t of the gas sensor, is
routed to a microprocessor,
which h a s b een programmed
with the proper va lues to turn off
power when the food is fully
cooked , or "s me lls" don e.

forced through the cooling fins of
the magnetron. The stirrer is in
the top of the oven, and it reflects
the microwaves all around the
oven cavity.

All microwave ovens have safe­
ty features to prevent unsafe mi­
crowave emissions. A series of
micro-switches operate in a cer­
tain sequence, and are in series
with one or more thermal switch­
es, so as to assure that the power
supply will operate only when all
of the switches are in their cor­
rect positions . There 's even a
switch designed to short out the
AC line, blowing the fuse, if any
of the switches malfunction (see
Fig. 2).

In operation, a mechanical
timer or an electron ic control
unit will cause a re lay or triac to
pass 120-volts AC to the pri mary
of the power transformer. Th e
transformer has a 3-volt secon d­
ary for heating the magnetron's
filament, and a 1500- to 2500­
volt secondary for the high-volt­
age power supply. To keep the
Windings count low, a voltage­
doubler circuit is used (see Fig.
3). During one halfof the 50-cycle
current, the transformer charges
a high-voltage capacitor to
ground through a high-voltage
diode, cathode to ground. When
the polarity reverses, the capaci­
tor is free to discharge through
the high-voltage Winding. Since
the voltages are in series , the
voltage is doubled, although the
current is reduced to what the
capacitor can supply during its
discharge. Therefore, the size of
the capacitor co ntrols the wat­
tage, and the magnetron actually
transm its energy in 50 -Hz
pulses. Note that the capacitor
may remain charged for h ou rs
after using the oven, so it must
be properly discharged before
any components in the oven are
checked.

When a microwave oven is op­
erated, the magnetron usually
takes about 3 seconds to fire up,
because the filament must come
up to temperature. If one listens,
the firing up is audible; the mag­
netron emits a I-second buzz im ­
mediately after the filament heats
up. In most ovens with several
power settings, the actual power
delivered to the magnetron does
not vary, but instead is cycled on
and off by the controlling circuit­
ry. The fan and light stay on, but
the primary of the power trans-
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120VAC

CAVITY
THERMAl
SWITCH

TO POWER
SWITCHING

CIRCUIT

POWER
TRANSFORMER

120VAC

MAGNETRON
CATHODE

DOOR
INTERLOCK
SWITCH #2

FIG. 3-TO KEEP THE POWERTRANSFORMER's windings count low, a voltage-doubler
circu it is used to generate high voltages.

FIG. 4-IN OVENS WITH SEVERAL POWER SETTINGS, the magnetron is cycled on and
off by the controlling circuitry. The fan and ligh t stay on, but the pr imary of the power
transformer is energized or de-energized by a relay or tr iac.

MAGNETRON

HIGH VOLTAGE
POWER SUPPLY

ACIN

CYCLE
OUT

f/lN

If the capacitor under test is
0 .1 f.LF or higher, the negative cu r­
rent flow will charge it through
D1; however, when the cu r re n t
flow reverts to positive, Dl blocks
the flow, which now is the com­
bined voltage ofT1 's secondary in
series wi th the charge d capaci­
tor. The combined voltage is n ow
enou gh to break down the re­
versed junctions of D3 and D4 ,
protected by current-limiter R2,
and NE4 glows . A value below 0 .1
p.F'will create a voltage lower than
NE4 u sually requires to con duct,
so C14 is placed ac ross NE4 to
ch a rge up to NE4 's ioniza ti on
point. Becaus e of that, any ca­
pacitor that is below the n ormal
value found in most mi crowave
ovens will cause the NE4 to flas h, ~

due to the relax a tion oscillator ~

circ u it. Capacito r values of 0 .5 ~

f.LF or higher will illuminate NE4 0::

con t in u ously, wh ile smaller an d ~
smaller values will cause NE4 to ~

flash slower and slower. (C

COIL
120 VAC

LOW-VOLTAGE
POWER SUPPLY 12VDC

diode-open n eon indicator (NE2)
cannot light if the diode under
test is good, since the diode will
keep the positive voltage across
R5, D6 , and NE2 under 8 volt s ,
which is the forward-bias poten­
tial of a good high-VOltage di ode.
Diode D6 will keep NE2 off dur­
ing negative flow; however, if the
diode under test is open, there is
sufficient positive voltage to light
NE2 .

Flipping S2 to the "cap -tes t"
posi tion s w itches D1 in line
which causes a pulsating n ega­
tive DC voltage to appear ac ross
Rl. With a n open ci rc u it , NEl
and NE3 will be off because there
is insufficient voltage across R1
to illuminate either one. Indica­
tor NE2 will be off because on ly a
positive voltage can light it, and
NE4 will be off because the 250­
volt DC signal is n ot hi gh enough
to break down the reverse junc­
tions of diodes D3 and D4 in s e­
ri es with NE4 an d R2 .

FIG. 2-ALL MICROWAVE OVENS have
safety features to prevent harmful emis­
sions. A ser ies of micro-switches and
t hermal switches assure that the power
supply will operate onl y when all of the
sw itches are in their correct positions.

~
TOPRIMARY OF POWER TRANSFORMER

ondary that provides power to the
DVM chip, IC2 , via diode bridge
BR 1 and regulator IC1, as well as
AC power to the semiconductor
tester. The high-voltage second­
ary provides 250-volts AC for the
high-voltage diode and capacitor
tester. A small sample voltage is
taken fro m the secondary's cen­
te r tap via R30, D12, and D9 for
the negative voltage required by
IC2 .

Selection between the DVM,
the capacitor tester, and the di­
ode tester is done by three-pole,
th ree-position switch S2. In the
"capacitor-test" and "d iode-test"
positions , one pole of S2 con­
nects the internal high-voltage
source to banana jack J2 ; a sec­
ond pole turns off the DVM dis­
play via D8, R25, and Q3; the
third pole selects either high­
voltage AC for testing d iodes, or
DC for testing capacitors . If the
selector is placed in the "diode­
test" position, a 250-volt RMS po­
tential is placed through current­
limiter Rl to the diode under test
between Jl and J2.

Across R1 is neon-indicator
NE3, which will light only if the
AC cu rren t flow is in the wrong
direction; if the diode is sh or ted,
for exam ple. Diode D5 will keep
NE3 off if the diode under test is
good . The diode-OK neon indica­
tor (NEll will illuminate only with
DC, since AC will be bypassed
across NE1 by C1 and C2. The
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FIG. 6-ALL COMPONENTS ON THE MAIN BOARD are mounted on the component side
except for R32 and R33 which must be tack-soldered to the solder side of the board.

I
10

I

I,

One qu irk of th is ci rcu it is that
if t he capacito r under test is
s horted, n o t on ly will s hort-in­
di cator NE3 glow, butsowill NEI,
the diode-OK indicator. Si nce a
capaci tor is under tes t h ere, the
u ser can s imply ignore the di ode­
OK lamp. If that is bothersome to
the u ser, a 4-po le switch may be
u sed for S2, with the fourth pole
u sed to sw itch in NEI in the "d i­
ode-test" position on ly.

The voltmeter circuit uses the
popula r 7107 DVM chip (IC2).
The ACmC switch (S3) switches
D7 in or out so that IC2 always
sees either positive or n ega ti ve
voltage, but never AC. Because
the s ingle d iode is a half-wave
rectifier, normally the reading
will be on ly a small portion of the
true RMS vol tage; therefore, a
second pole of 53 switches from
R23 to a trim mer, R34 , so that
the meter can be adj usted to read
the correct RM5 voltage in the
"AC" position. Because IC2 uses
a n o n -board osc illator for the
dual-slope integ rating analog-to-

R (CURRENT LIMITER)

digi tal converter, trimmer-capac­
itor Cl3 has been added across
C8 so that the sampling frequen ­
cy can be varied. If the trimmer
capacitor is left out, any AC volt­
age readings may be unstab le;
the refore, the ch ip's sampling
frequency can be adjusted to an
exact multiple of the 60-Hz AC
voltage to be measured.

Trimmer R35 is the basic refer­
ence-voltage adj ustment used to
calibrate the DVM on the lower
scale DC measurement. The val­
ues of R7 and R23 or R34 will
correctly divide the input voltage
up to 500 volts AC or DC down to
2 volts for the DVM chip (IC2J,
b ut if anything u p to 5000 volts
must be measured, the voltage is
passed through banana-jack J2
wh ich uses R8-R15 for an addi­
tional 43 megohms to reduce the
voltage to a compatible level.

The circuit containing QI and
Q2 constantly measures the volt­
age at J2 . If any AC or DC voltage
appears at J2, one or both tran­
s istors a re b iased to tu rn on the

OPTIONAL
LED FOR

ILLUMINATED
SWITCH.

CAN ALSO USE
S-VOLT LAMP

WITHOUT
CURRENT
LIMITER.

o

i
0 '

I
.~ ...1

decimal-point LED in the display.
Stereo phono-jack J4 is used

for test ing semiconductors . A
matching phono plug , PLI, with
a black lead on the outer conduc-
tor, a red lead on the middle con­
ductor, and a yellow lead on the
tip conductor, plugs into J4 and
provides test clips to attach to
components. The 5 -volt AC
source fro m T I is passed through
LED I and LED2 through cur­
rent-limiter R16. Both LED's will
remain off when the test leads at
J4 remain unconnected, but
both will illuminate when the red
and black leads are shorted. To
test a semiconductor, connect
the red lead to the collector of a
transistor, the anode of an SCR,
MT2 of a triac, or the drain of a
MOSFET; connect the black lead
to a transistor emitter, SCR cath­
ode, triac MTI , or MOSFET
source; and connect the yellow
lead to a transistor base or gate of
any other part. Pushing test but­
ton S4 will forward-bias the de- ~

vice and, depending on whether ~

ei ther, both, or neither LED ~

lights, a semiconductor device m
mcan be tested for proper con- JJ

ductance . More details on the ~

testing will be given la ter. <0
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TO S5 (FIG.6)
DC

S3

(

!

I
t

J3 J1
CAP

J2
B·
C

J4

VOLT 0 o o

DIODE S2

FIG. 7-MOUNT THE PARTS ON THE DISPLAY BOARD as shown here. Note that R6 and
C14 are soldered to the back of t1W board.

Construction
The Micro an alyzer consis ts of

two s in gle-s ide d PC boards: a
main b oard c on t a in ing the
power supply an d the DVM chip
with auto decimal-point circuit­
ry, a n d a display board con­
ta in ing the in di cators , displays ,
switches , an d test jacks. The dis­
play board is joined to the front of
the m ain board by solderi ng in­
terconnectin g foils at their edges.
We've p rovide d the foil patterns
in cas e you'd like to make your
own boards . Alt ernatively, the
boards , as well as complete ki ts,
are available fr om the s ou r ce
mentioned in the parts list.

Almost all componen ts, excep t
t he pow e r t r ans forme r a n d
switches S I an d S5 , are mounted
on the PC boards. Follow the
parts layouts for the ma in and
display b oards , Figs. 6 an d 7 , re­
spect ively. So lde r all jumpers on

(/)
~ both boards firs t, followed by the
~ fus e, res is tors , tr im mers , d iodes,
a: capacitors , transis tors , regulator
~ ICI , a n d so ckets for the 7-s eg­
u:J ment displays and IC2 , in that
o order; do not pu t IC2 in its so cket
o just yet. Prepare switches S2-S4
C? by so ldering l-Inch length s of sol -

52

id wire to the terminals to make
them PC-mountable. Do not put
too much solder on S2 or else it
may not fit between the display
board and front panel.

Mount, but do not solder the
neons, LEO's, and prepared
switches in the display board. In­
sert the digital displays in their
socke ts . As indicated by the
dashed lines in the parts-place­
ment diagrams, tack-solder R32
and R33 to the back (the solder
side) of the main board, and R6
and C14 to the back of the display
board. Hold the display board in
position next to the main board
using the slots and bosses in
both boards, and solder all of the
foil connections, m aking sure
that the boards are exactly per­
pendicular. Check all connec­
tions for solder bridges .

Solder th e power-transformer
wires to the main board, and sol­
der three 4-inch wires in the
holes marked for both switches
SI and S5 . If you are using an
illuminated switch for S5, install
6-inch wires in the holes marked
LE03 . Solder the power switc h
(S1) to its wires.

Assuming you have purchased

a ready-made front panel and
case (see the parts list), you can
mount all of the jacks and indica­
tor lenses on th e front panel just
like the prototype, and slip four
%-in ch heat-shrink tubes over
the neons. Otherwise you can
make your own front panel in a
similar fasion . Remove all hard­
ware from S2-S4, but leave one
nut on S3 . Mount the front panel
and the PC-board assembly in
the bottom shell of the cabinet.
The neons, LED's, and switches
can now be extended to reach the
panel to be mounted. Adjust the
nut on S 3 to match the ·s h a ft
length of S2 , and install and
tighten the remaining hardware
for all three switches. Solder the
components after they have been
mounted. Also mount SI and S5
in the panel and wire them up;
note that the other side of S5 is
connected to the rear of the dis­
play board on the center contact
of S2 (S2-b common).

Remove the assembly from the
cabinet, turn it over, and wire up
jacks JI--J4 to the holes marked
on the display board using the
sh or tes t possible lengths of very
thin solid wire . Remember to
wire the LE03 wires to the in­
di cator ins ide S5 only if a 5-volt
bulb or LED is installed; the in­
dic ator will light only when the



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

R1- 10,OOO ohms
R2-47,000 ohms
R3, R5-22,000 ohms
R4-39,000 ohms
R6, R1 7- 220 ohms
R7 , R11 , R19-R22 , R36 -10

megohms
R8-R10 , R1 2-R15 , R18-4 .7

megohms
R16-150 ohms
R23-10,000 ohms
R24-1 megohm
R25-2200 ohms
R26-25,000 ohms, metal, 1%
R27-5600 ohms
R28-100,000 ohms
R29-470,000 ohms
R3O-68,000 ohms
R31-120 ohms (optional for iIIumi:._

nated S5, see text)
R32, R33-180,000 ohms
R34-50,000 ohms, to-turn trimmer
R35-1000 ohms, 10-turn trimmer
Capacitors
C1 , C2-Q.47 lLF, 350 volts ,

electrolytic
C3-47 lLF, 16 volts, electrolytic
C4-1000 lLF, 25 volts, electrolytic
C5-220 lL F, 16 volts, electrolytic

diode or capac itor fu nctions are
selected, while the digital display
w ill illu minate only when the se ­
le ctor is in the "volt" position.
Mou nt transformer Tl to the cen ­
ter floor of th e cab inet using # 8
bolts an d nuts . Run the AC line­
cord through the h ole in the back
of the cab inet a n d solder the
leads to the m ain board. Install
the line-cord strain reli ef; you
may h ave to m elt it to the inside
of the cabinet for added strength .
Finally, mount the assem b ly to
the b ottom shell of the cab inet
and proceed wi th m aking of the
test leads . Figu re 8 s h ows the in­
side of the com pleted u ni t.

Because the unit w ill b e u s ed to
m easure potentials up to 5000
volts, it is important to u se wire
intended for use as test leads ,
such as the rubber-insula ted va­
riety. Solder fu lly insula ted b a­
nan a pl u gs to one end of the
w ires, a n d fully insula ted a l­
ligator clips to the other en d . The
semiconductor test wi re is made
from an ordi nary piece of 4-con ­
ductor telep hone wire, with only
the red , b lack, an d yellow wires
used . Solde r a 3 .5 -m m stereo
p hono p lug (PLl) to one en d,

PARTS LIST

C6, C7-D.47 lLF, 100 volts, Mylar
C8-100 pF, polystyrene
C9-Q.1 lLF, 100 volts, Mylar
C1O-Q.01 lL F, 100 volts, Mylar
C11-0.047 lLF, 100 volts, Mylar
C12-0.22 lLF, 100 volts, Mylar
C13-30 pF, ceramic micro trimmer
C14-Q.47 lLF, 200 volts, Mylar
C15-120 pF, 500 volts, silvermica
Sem iconductors
IC1-7805 5-volt requlator
IC2- ICL7107CPL 3Y2-digit OVM

chip
01,02,05-07, 012-1N4007 diode
03 ,04, 08-1N41 48 diode
09-011-1N4733 5-volt Zener diode
BR1-ECG5304 400-PIV 1.5-amp

bridge rectifier
01, 03-2SA733PNP transistor
02-2SC945 NPN transistor
LE01 , LE02-<>range Ii ht-emitting

diode
LE03-light-emitting diode or 5-volt

lamp (optional for illuminated S5)
OSP1-0SP4-MAN 4710A com­

mon-anode 7-segment LEO
display

Other components
S1-SPST pushbutton switch
S2-3POT C.O. switch
S3-0POT switch

being s u re t hat th e pin-ou t
matches the jack (J4l, a n d solde r
small IC clips or micro alligato r
clips to th e remaining en d .

After you h ave checke d for sol­
der bridges , b ad co n nec tions,
and prop er com ponent pola ri ti es
and values, you can apply power.
Me a su r e t he vo ltage a t the
posit ive terminal of C5; it should
be + 5-volts DC m e a sured to
grou n d . The a node of 0 9 shou ld
m easure - 5- volts DC , a n d the
S5 pad on the m ain boa rd shou ld
be 250-volts AC. If the voltages
appea r to b e n ormal, tu rn off
power an d install IC2 in its sock­
et. Turn on power and cycle S2 to
be su re th a t the di gi tal di splay
an d LED3 work properly. If every­
t h ing looks good, pl u g in the
high-voltage test leads an d put
S2 in the "diode test" posi ti on .
Pres s S 5 a n d ve r ify tha t NE2
(open diode) illuminates . Shor t
the test leads a n d press S 5 again
to see that NE3 (shor t) ligh ts .
Now, con nect a h igh-voltage test
di od e with red at anode and black
at cathode, a n d check that NE1
(d iode OK) lights. Note that if the
diode is co nnected b a ckwards ,
a ll th ree di ode-test lamps will il-

S4-SPST pushbutton switch
S5-SPST pushbutton switch (illumi­

nated optional)
T1-120 VAC primary, 250 VAC C.T.

25 rnA secondary, 6 VAC, 1 amp
secondary

J1, J2- red banana jack, Y2-inch
J3-black banana jack, Y2-inch
J4-stereo mini phono jack
PL1-stereo mini phone plug
F1-1A, 250V pigtail fuse, Littlefuse

318.500
NE1-NE4-NE-2H neon indicators
Miscellaneous: Amerex 570 black

cabinet, hardware, AC line cord,
3.5mm lamp lenses, wire , solder,
etc.

Note:The follOWing parts are avail­
able from EDS, Inc., 275 Rock Is­
land Road , N. Lauderdale, FL

--3-3068 : Set of drilled and
screened main and display PC
boards for $25; kit of all parts
and boards for $199; complete
kit including Amerex cabinet
with screened and machined
front panel for $249. Please in­
clude $4 shipping for boards
only, or $8 for kits. Florida resi­
dents must include 6% sales tax .

luminate s imultaneously.
Check the capacito r-test fu nc­

tions w ith high-vol tage capaci­
to rs rated b etween 0 .01 and 1.0
J..LF an d verify the cor rect fu nc­
t io ns of NE3 and NE4 . R e­
m ember that voltages across the
test leads can b e as high as 700
volts pop when S5 is press ed , so
please b e care fu l. Since the test
voltages a re fu lly is olated fr om
the power line, and one h and is
n eed ed to push the test bu tton , it
wo u ld requi re a t h ree-handed
person to get a shock, but the
warning is given anyway.

Next check the semicon ductor
tes ter. Plug in the 3 -con ductor
test cord and con nect the en ds to
an NPN transistor u s ing red for
the collector, yellow for the base,
an d black for the emitter. With ­
out pressing S4, LED 2 m ay be
da rk or slightly li t. Tha t is n or­
mal reverse lea kage for an NPN
t rans is tor, and w ill b e brigh ter
when testing low-vol ta ge , high - ~

fr equency t ransistors. Push ing ~

S4 will darken LED2 and b rightly ~

illuminate LED l, showing trans- OJ

conductance. Tes ting a PNP tran- gJ
sis tor s ho u ld yie ld reve rse d CD

indi cators. ~
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Use
Since we have learn ed that mi­

crowave ovens are s imple devices
with a high-voltage power supply.
magnetron tube, and so me type

FIG.8-THE INSIDE OF THE COMPLETED UNIT. The transformer and PC-board assembly
are mounted in the bottom shell.

Test and calibration
To test and calibrate the volt­

meter, you will need to construct
a test jig using an actual micro­
wave oven 's power transformer.
You will not have to remove the
transformer, but just remember
that during these tests that you
will be exposing yourself to po ­
tentially lethal voltages. Use rub­
ber gloves and have someone else
nearby to supervise. Construct a
string of five l -m egoh m , Y2-wa tt .
2 % resistors from the trans­
former's high-volt age output to
ground. with a IN4007 d iode and
O.OI-J.LF/lkV ceramic capacitor
connected as s hown in Fig . 9 .
Disconnect the lead from the
h igh-voltage output of th e trans­
former to the h igh-voltage capac­
itor to keep the oven 's magnetron

__ from firing.
Connect a DMM (set to its h igh­

est DC voltage range) in parallel
with t he Microanalyze r 's test
leads. with red to the DC test
point of the test j ig. and black to
ground. Be sure that both meters
are set to DC and, after checking
and covering all exposed cqnnec­
tlons, plug in and tu rn on the
microwave oven . Using your
DMM as a refe re nce. adjust R35
for the same reading. Turn off
and unplug the oven, and switch
to the AC test point. Set both
meters to AC, then turn on the
oven again. If the digit al d isplay
seems to be unstable or hun ts up
and down. adjust C13 with an
insulated align ment tool until
the readings settle down . After
that has been done, adjust R34
for the same read ing as your
DMM. rum off and u n plug the
oven. then move the red banana
plug to the high-voltage test jack
J2. Turn on the oven again and
verify that the decimal point il­
luminates when voltage is pres­
ent. and the reading of the
display is shifted one digit to the
left so that the d isplay reads kilo­
volts to the nearest 120 volts . If
the accuracy is poor. you can re­
place RII (10 megohms) on the
display board with different val-

(/) ues from zero to 10 megohms.
~ This completes all testing and
5 calibration.
a:
I­o
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TO H.V. WINDING OF
MICROWAVEPOWER

TRANSFORMER

ALL RESISTORSARE
1 MEG, 5%, 1{2WATT

CALIBRATION
POINTS

J
1\

\
OAC OGO

y

1N4007
* O.o111F

l kVOG

*
FIG. 9-CONSTRUCT A STRING of five 1­
megohm, lh-watt , 2% resistors from the
transformer 's high-voltage output to
ground , with a 1N 4007 diode and
O.1- ILF,1kV ceramic capacitor connected
as shown.

of control circuit. troubleshoot­
ing is usually straightforward
u nless the oven has an intermit­
ten t p robl e m. If an ove n is
"dead." check and replace, if nec­
essary, the fuse with the correct
type; most ovens use a ceramic
se lf-quenching type fuse. Put a
cup of water in the oven and fire it
up. If there is still no fu nction , or
if it lights b u t does n 't heat. u n­
plug the oven and discharge the
capacitor by connecting a test
clip to ground, touch one. then
the other capacitor te rminal to
gro u n d . Now usi n g the clip, short

across the terminals. S ince this
method discha rges the capacitor
through the transformer first,
the di sch a rge will be less violent.

The first type of tests are "stat­
ic" tests. mean ing that the com­
pon en ts are checked with the
oven unpowered and u n plu gged .
Turri on the Microanalyzer and
switch to "capacitor test." Con­
nect the black lead to the capaci­
tor terminal connected to the
high-voltage secondary, and the
red lead to the capacitor terminal
connected to the a node of th e
h igh- voltage diode . Depressing
S5 should indicate a good capaci­
tor. with no flashing of the in­
dicator. If the in d icator flas hes .
or the short indictor lights, d is ­
connect all wires to the capacitor
and check it again.

If the capacitor checks out.
move the black test c lip to
ground. with the red lead re ­
maining connected to theanode.
Switch to "diode test" and press
S5. Remember that if the test
leads are connected backwards.
a ll three d iode test lamps will
ligh t. When testing capacitors
and diodes, keep S5 pushed in
for a few seconds. All indicators
s hould be steady, as flicker ing
lamps may indicate an intermit­
tent breakdown p roblem.

If the diode and capacitor are
good, check the magnetron fila­
ment. Pu ll both wires off of the
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USE THIS FOIL PATTERN for the main PC board if you want to make your own.

filament con nectors at the base
of the m agnetron. and with the
black test wire s t ill at grou n d .
con nect the red lead to either fila­
m ent con nector a n d push 55 .
The Microanalyzer should be in
the "capacit or te s t" mode. The
"shor t" lamp should be off, un­
less the ca th ode is sh or te d to
grou n d; however. the "capacitor
OK" lamp may flash very slowly.
indicating that the RF bypass ca­
pacitors inside the magnetron
a re functioning. If the "sh or t"
lamp remains off, con n ec t the red
an d black leads across the fila­
m ent an d push 55; because of
the very low resistance of the fila­
m ent, the "short" indicator will
light.

If all tests s o far have not found
the defective com ponent, an d the
oven still blows fuses when op er­
a ted, the most likely cause will be
an improperly adju sted or defec­
tive mi cro switch. With the oven
unplugged , you can use the Mi­
croanalyzer as a con tin u ity tes te r
by con nect ing to each micro­
switch a n d operating the door
m echani sm s lo w ly, obs erving
that the indicators show open
an d short as each as each switch
goes through its motions . A
sticky switch in the wrong posi ­
tio n may cau se a s hort when an­
other switch is cycled by ope n ing
the oven door. You shou ld also
c hec k con t in u ity of t he r mal
switches mounted to the magne­
tron or oven cavity. if the oven

remains dead.
Ifyou suspect the power trans­

former, its three windings can
also be ch ecke d with the Micro­
analyzer in the "capacitor test"
mode. The primary and filament
windings should caus e th e
"shor t" indicator to light, but the
high-voltage winding will cause
the "diode open" and "s h or t"
lamps to illu m ina te together, be­
cause of the high reverse-EMF
gen erated by the high windings
count.

Assuming that you h ave check­
ed all com ponen ts mentioned so
far and still have not found any
defective components using the
static test method, active te sts
must now be performed. If the
oven seems to be working, such
as the lamp lights and the fan
blows. but there is no heat , addi­
tional tests must b e done to
check whether power is getting
to the magnetron.

Plug in and turn on the oven;
listen for the three-s econd delay,
th en the one-second buzz that all
magnetrons em it when they fire
up. Ifyou do not h ear the magne­
tron fir e , unplug the ove n an d
discharge the ca paci tor. then
connect the red and black test
leads across the primary of the
transfor mer. Swi tch the Micro­
an alyzer to "volts AC." and power
the oven. If there is no voltage
reading. there may be a problem
with the triac. relay or whateve r
power-switching system is u sed.

If 120 volts AC is present, the fila­
ment voltage s h ou ld be m ea­
sured next.

Dis connect the high-voltage
wire from th e filam ent con­
nectors of the magnetron, s o that
only th e filam ent wire s are con ­
nected and. with the unit in the
"AC" mode. connect the leads
across the filament connectors
and ch eck for 3 .1 volts AC when
the oven is operated . If there is
any corros ion on the terminal
connectors , the low-voltage fila­
ment cu r re n t will h ave trouble
lighting the tu be. Clean all con­
nections with contact cleaner
and make sure all connectors a re
tight. If the problem has not been
found yet, we must measure the
AC an d DC hi gh-voltages .

WARNING : This part of the dy­
namic test involves measuring
po tentially lethal voltages so ex­
treme ca re must be exerc ised.
Never exceed 500 volts AC or DC
when measuring voltage at input
jack Jl. With the oven unplugged
and capacit or di scharged. con­
n ec t th e bl a ck test le ad to
grou n d, move the red test lead to
the HV jack J2 , and con nect the
red test-lead clip to the high-volt­
age winding of the power trans­
former connected to the high- i{i
voltage capacito r. Double check ~

all con n ectio ns, s tan d back, and m
;s::

fire up the oven . The AC voltage OJ

should be in the area of 1500 to ~
2500 VAC. If th a t checks ou t . (0

turn off and unplug the oven an d (0
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discharge the capaci tor, move
the red test clip to the other side
of the capacitor, and switch the
Microanalyzer to "OC."

Again , double check connec­
tions and fire up the oven. A nor­
mally operating oven will have a
DC reading initially as high as
4 .5 kV; as the magnetron fires up
and current is drawn from the
power supply, the reading will de­
crease to 2-2.5 kV and hold
steady. Poor connections to the
magnetron will usually show no
voltage change, or a changing
voltage as the connections make
and break. A defective magne­
tron will either not fire and the
high-voltage reading will remain
high, or an intermittently short­
ing tube will cause the readings
to be much lower than expected.
Most better-quality ovens use a
triac to power the transformer
because they are much more re­
liable than a relay, but most tech­
nicians do not have a quick and
positive way to test them. The Mi­
croanalyzer can be used to check
the triac. The triac used in a typ­
ical microwave oven is usually ei­
ther a one-inch square or round
package about a half-inch thick
with three terminals. The small­
est terminal is the gate, or control
pin, with the second main termi­
nal (MT2) usually in the center,
and the common, or first main
terminal (MTl) opposite the gate.

Pull off the wires from the triac
(f)
o and connect the red test clip from
~ J4 (the semiconductor test leads)
g: to MT2, yellow to the gate, and
frl black to MTl. Indicators LEDl
uJ and LED2 should be unlit; a
o shorted triac will light both
o LED's. Assuming the indicators
<a: are unlit, press test-switch S4; if

the triac is switching, both in­
dicators will light. If neither one
lights, the triac is open and must
be replaced . If only_one LED
lights, either the triac is partially
'defective, or it is an SCR.

If the oven uses a relay, open it
and check for pitted or heat­
damaged contacts; if required,
burnish them, or replace the re­
lay. If you believe the problem to
be a relay drive transistor, the
transistor may be tested by con­
necting the red J4 clip to the col­
lector, yellow to base, and black to
emitter. Initially, LEDl or LED2
may be lit dimly or may be dark,
but pressing S4 will confirm the
type and proper operation of the
semiconductor. For the highest
accuracy, the semiconductor
may have to be removed from cir­
cuit if the readings in circuit are
confusing. Triacs and SCR's
should never light either indica­
tor until S4 is depressed; a triac
will light both LED's because it's
an AC switching device, while an
SCR or transistor will light only
one indicator when S4 is pushed.
NPN or PNP transistors may ini­
tially light either LEDl or LED2,
but never both; ifLED2 (N-CHl is
lit before S4 is pressed, and dims
after it is pressed, while LEDl il­
luminates, you have just checked
a good NPN transistor. You must
reverse readings for PNP.

MOSFET's, usually intimidat­
ing to test, are easily checked
with the Microanalyzer. Initially,
a P- or N-channel device will il­
luminate ei ther LED 1or LED2 re­
spectively, and pushing S4 will
cause the opposite LED to light,
but without causing the original
lamp to dim like ordinary bipolar
transistors. Ordinary diodes can

also be checked; with red at the
anode and black at the cathode,
LEDl will light.

If all components check out so
far, but your microwave oven has
the symptom of low heating, but
otherwise seems to be working
normally, check the waveguide
cover at the top of the oven cavity
at the exit of the waveguide. If it
is coated with grease or food resi­
dues, it can absorb a large
amount of power. Clean it with
ammonia and water or, if it's bur­
nt, replace it with the same type
of plastic or mica material. A mal­
functioning stirrer can also
cause problems; that can be
checked without even removing
the oven cover. Stick several NE-2
neon bulbs in a styrofoam cup
filled with water, and turn on the
oven. A properly operating oven
will ionize the neon gas and the
neon bulbs will flash on and off as
the stirrer rotates. If some lamps
remain on while others stay off,
the magnetron is good; the stir­
rer is inoperative. Check for a
broken belt or a seized bearing in
the stirrer mechanism.

A quick and dirty method of
measuring microwave power is
to run the oven for one minute at
full power with eight ounces of
water in a styrofoam cup (re­
member to start with cold water);
a 500-watt oven will make the
water almost too hot to stick a
finger in, while a 750-watt unit
will cause the water to steam.

The final check should be a test
of the door seal with a properly
calibrated microwave leakage
tester. Although the FCC allows
five milliwatts per square cen­
timeter, most ovens will have al­
most unmeasurable leakage. R-E
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LAST TIM E WE PRESENTED GENERAL

co ncepts of electr ic fields a n d
how they are related to sta t ic elec­
tric charges. We saw that the E
field in em p ty spa ce a ccounts for
the forces b etween such charges .
In th is a r ti cle , we'll s ee how the
familiar units of volts a nd a m ­
peres a re related to each oth er.
Ohm's law and the concep t of an
E field in m a terial s will b e di s­
cussed with the h elp of a s im ple
quantum theo ry viewpoint.

Potential
To qu a si- s t a ti c ally m o ve a

ch arge q fro m point a to point b
in an E field, a force that is infi­
ni tely close to bein g equal a n d op­
p osi te to the Co u lom b force mus t
b e ap p lie d to q. Tha t force is
- qE = - F c ' as s hown in Fig . 1.
As we discuss ed in our previous
arti cle, when m oving a rou n d a
closed path

f E·dl = 0,
o r

v x E = O
at all points . So in m ovin g the
charge aro u n d a closed path

- f qE·d l = O.
The dot produ ct gives the m agni­
tu de of force times di stance in

the direction moved, which is the
work done or change in the po­
tentia l energy !'.U. The energy ex­
pended in moving along the path
fro m a to b is just the s u m of the
con tr ibu t ions along that path, as
defined in the calcu lus n ota tion

L'1Uab =- f.~ E · d I (newton x meters = jou les ).

The energy change is indepen­
dent of the pa th take n from point
a to b . an d the E field follows the
laws of conservat ion; whatever
energy is expen de d in moving the
charge from point a to b is re­
covered when the charge m oves
fro m b to a. The energy is said to
be store d in the E field s ince the
field is responsible for the forc e.

Dividing by the charge g ives u s
the change in energy per unit
charge , the potent ial or voltage at
point b with respect to a is

V _ L'1Uab ­
ab - q -

-1" E · d I (joules I coulomb =vo lts).

The u se of the n ame potenti al is
pe rhaps unfortun a te b ecause it's
easy to confuse the term with po­
tential energy.

Recall also tha t s ince V' x E = 0 ,
E mus t be the grad ient of a scaler

field, which we n ow see is the po­
tential V, therefore
E = - VV (volts/meter = newtons/coulomb).

Along a s u r face of equal poten­
t ia l, there would b e no ch ange in
V per length dl. Perpendicular to
that s u r face the ch a nge in V per
length wou ld b e a m aximum ,
wh ich is what the grad ient tells
us .

Since the field is obtainable by
linear su pe rpos ition , the poten­
tial di fference is sim ply the s u m
of the potentials. For exa m p le ,
Vu c = Va b +Vb c ' That a n a lys is is
the basis of Kirchoffs voltage law,
wh ich s tates tha t the algeb ra ic
s u m of the vo ltage r is es a n d
drops arou n d a closed path mus t
equ al zero.

Electric current
Imagine a Gaussian s u rface in

space th rough wh ich a number
o f q charges a re m oving , as
shown in Fig. 2 . (We a re n ot con ­
ce rned with the type of field influ­
enc ing the m o ti on , on ly that ~

there is m otion .) The cu r re nt ~

across that s u rface is defined as ~

the charge per uni t time (in sec- OJ
m

on ds ) crossing the s urface. In :D

orde r to calcu la te that, divide the ~

su rface into an infini te number CD
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of infin itesimal s u rfaces. ds. The
ch arges m ove with velocity v
through each surface . If there a re
n charges per unit volu me . then
the current den s ity. or charge per
unit area is

J = nqv = pv (C/m2s).
Multiplying that by the effective
a rea a n d sum ming the contribu ­
tions by in tegra ti on gives the
total current

l = fJ ·ds (C/s = amperes).
Positive charges flowing in one

direc ti on can b e cons ide re d
equ ivalent to n ega tive charges
flowing in the op pos ite direction
(the Hall effect is a common ex­
ception ) s ince both J a n d ds
would then be n egative. That is
why a circ u it ca n be analyzed in
terms of eit her conventional cu r­
rents or elec tron cu rre n ts .

Th e way cu r re n t is defined is
s imila r to the way we expla ined
electr ic flux w except that flux is
an apparent flow while cu r re n t is
due to an actual flow of charge.
Charge conservation tells u s that
w hatever charge flows into the
s u rface must also flow out unless
t he cu rrent d ensity inside is
changing in t im e. Tha t is the
basis of Kirchhoffs cu r rent law,
which tells us that the su m of the
currents flowing in to a junction
is equal to the su m of the cur­
rents flowing out of that junc­
t io n . Shrinking the Gaussian
s u rface down to a s ingle point
and taking the ratio of the rate of
change in cu r rent to the rate of
change in volume gives the diver­
gence

\I . J = - ap (C / m3s).at
The partial d ifferential symbo l

a.as in d . means an infinitesimal
change in so meth ing. It a lso re­
minds us that we're on ly inter­
ested in ps change with respect
to time, t. The n egat ive s ign indi­
cates that a decrease in p, a nega­
t ive a p/a t , g ives a p ositi ve
divergence. The net charge must
the refore flow out th ro ugh the
surface.

Conductivity
Up until th is point we have

been concerne d on ly wi th
charges in e m pty s pace . The
space of so lid m ateri als . however,
is fa r from em p ty. Ato ms a re lo­
cated at positions called la ttice
points . An exte rna l E field ap­
plied to a so lid mater ial causes
the electrons wi th a - e charge to

FIG . 1-AN ELECTRIC CHARGE q is
moved quasi-statically from point a to b in
a static E field along either path, com­
posed of an infinite number of lengths dl,
by an external force qE (not shown). The
work done or change in energy is the
negative of the sum of all the qE'dl 's along
the path.

FIG. 2-CURRENT DENSITY J is the
number of charges q per unit volume mov­
ing with velocity v through an infi­
nitesimal section ds of the Gaussian
surface. The total current is found by sum­
ming J·ds over the entire surface. Any
charge that comes in through one ds must
leave through another. Any net outflow
must be at the expense of the charge den­
sity enclosed by the surface.

F[RMI ENERGY

.ili\.:
a

MOM ENTU M

FIG. 3-ENERGY VERSUS MOMENTUM
for electrons in a material. Temperature
and lattice effects are neglected. Each
electron, represented by a dot on the
curve, has a unique energy state . Those
are the lowest states available. The high­
est occupied energy is called the Fermi
energy.

move. Quantum theory must be
u s ed to des cri be the effects of
tempe rature and the la t ti ce upon

the mot ion of charges.
The electrons are in a s tate de ­

s c ribed b y t hei r ene rgy. mo­
m e n t u m . a n d sp in . No two
electrons ca n be in the same
state . Electrons ca n change ener­
gy only by moving to a neighbor­
ing unoccupied energy state .
Figure 3 s hows the energy vers us
m omen tu m states. n egl ecti n g
the effe cts of te mperatu re and
the la ttice. The two possible spin
states for each electron a re not
shown for cla rity.

The more electrons there are in
the materi al. the hi gher the hi gh­
est occu p ied energy s tate. or Fer­
mi level. Only electrons near the
Fermi level can respond to exter­
nal effects such as thermal ener­
gy and electr ic fields. Supplying
thermal energy exc ites some elec­
trons to energ ies jus t above the
Fermi level, leaving unoccupied
s tates jus t below. The Fermi level
is then take n as the energy wit h
50 % occupancy. Elec t rons tha t
can change energy. an d h ence
m omen t u m . a re calle d co n ­
duction electrons. Thermally ex­
cited electro ns h ave r andom
momentum and veloc ity, and do
not produce a net cu r rent.

Elect rons act as waves a n d ,
t herefo re , expe rience in t e r­
ference effects due to interaction
wit h the lattice. At certai n wave­
lengths . stan di ng waves res ul t
wh ich p roduce energy ga ps, as
shown in Fig. 4 . If only so me of
the ene rgy s tates up to the gap
a re occu pied or the gap is very
s mall, t he m a terial will h av e
many conductio n electrons s ince
little external energy is required
to exc ite an electron to a higher
state. S uch ma ter ial s a re good
electr ica l conductors. A good in­

's u la tor (or d ielectric) h a s oc -
cu p ied states up to a rela ti vely
large ga p. A la rge amou n t of ex­
ternal energy is required to excite
electrons to hi gher energ ies in a
di elect ri c material. A m a teri al
with a la rge gap and many oc­
cupied lower states exh ibits no­
ticeable electrical resis tance.

If a potential di ffe rence is
maintained across a ma ter ial , an
electric field is establis hed . Con­
duction elect rons wi ll be sub­
jected to a force F , which is equal
to - eE , Electrons tend to acceler­
ate, and then "collide" an d lose
energy to the lattice. If T is the
average time between collisions,
which is temperatu re dependen t
due to thermal motion of the lat-



the regions with probability of
finding electrons are shifted in
the - Eo direction while the re­
gions with probability of finding
the positively charged nuclei are
shifted in the direction of +Eo
(Fig . 5). The shifts may not exact­
ly align parallel to Eo, and may
not all be uniform except in what
we call simple materials. A nega­
tive surface charge develops on
the material near the source of
Eo, and a positive surface charge
develops on the opposite side. We
say the material has an induced
charge, or that it is electrically
polarized.

The induced charges produce a
field Ed in the opposite direction
to Eo in the material. In a very
good conductor, there are
enough free charges so that Ed
equals Eo, and the average field
inside is zero. That is why metal
is an effective shielding material,
at least for static fields . Outside
the conductor the Eo field vectors
are changed so that they are nor­
mal to the surface.

In dielectrics, the large energy
gap means the electrons are elas­
tically attached to the lattice and
only slight shifts are experi­
enced. Eo and Ed don't cancel
each other completely. In a simple
dielectric, pairs of internal
charges, - q and +q , are sepa­
rated by a distance R taken in the
direction of Eo , from - q to + q .
Those pairs of negative - q and
positive + q charges are called
electric dipoles. The vector quan­
tity, qR, is called the electric di­
pole moment. If there are n
dipoles per unit volume, then a
measure of the polarization can
be expressed as

P=n(qRn (C'm/m3 =C/m2 ) ,

which is called the dipole mo­
ment per unit volume. ~ is a
function of the alignment and
ranges from 0 to 1. For simple
materials ~ = 1. Since n, q, R, and
~ depend on the material,

P=EoxE
where x , the electric suscep­
tibility, is a measure of the ease of
polarization of the material. Eo is
present to maintain correct
units. The so called depolariza-
tion field Ed is equ al to - -yP/Ea,
where -y is a number between O-r
and 1, and is related to the geom- ~ ':
etry of the material. E d is not, in ~

general, very useful. OJ

The surface charge a b is an ac - gj
tual accumulation of charges ~

con tin ued on page 82 ~
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The electric field in materials
When a material is placed in an

external electric field Eo, the wave
functions of the atoms are
changed. The net effect is that

In metals, increasing the ther­
mal energy exci tes electrons ­
mainly into the unoccupied
states of the lower band, but the
time between lattice collisions
decreases . Increasing the tem­
perature increases the resis­
tance. In some other materials
resistance decreases with in­
creasing temperature because
the number of conduction elec­
trons exceeds the effect of in­
creased collision time.

Due to the low velocity of elec­
trons in most solids, the magnet­
ic effects can be neglected .
Conduction becomes more com­
plicated in gases and liquids
since the atoms can also move,
and velocities can become greater
than in s olids .

+
o

MOMENTUM
a

CONDUCTOR

ENERGY

GAP

CONDUCTOR

- - - _ .. p

----.. r.
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FIG. 4-ENERGY VERSUS MOMENTUM for electrons is a latt ice of atoms. The gaps in the
curves result from interference effects with the electron waves . In a conductor (a) the
levels below the gap are partially occupied. External energy excites electrons to the
unoccupied energy states. That allows them to participate in an electric current. In an
insulator (b) the levels below the gap are filled and the energy gaps are large. Electrons
cannot participate in a current unless a large amount of external energy is supplied.

FIG. 5-MATERIALS IN AN EXTERNAL ELECTRIC FIELD Eo exhibit electric polarization.
The resulting separation of positive and negative charge regions produce electric dipole
moments qR, where q is taken as positive. In a conductor (a), enough electrons are free to
move to create a depolarization field Ed equal and opposite to Eo. The internal electric
field Ej = Eo- Ed is zero. In an insulator or dielectric (b), electrons are restricted in
movement and Ej is non zero . In both cases, the polarization or dipole moment per unit
volume P is related to - Ed' The vectors are shown outside the material for clarity.

----Dce atogls, the!! the average elec-
tron momentum is -----

FT= -eET =m +v (N·s =kg·m/s)
where m is the electron mass ,
and v is the average velocity. Solv­
ing for the velocity and substitut­
ing into the equation for current
density gives us

2
J = ne r E

m

which is the vector form of Ohm's
law. Since the number of elec­
trons nand T are properties of the
material, the conductivity

a =ne2-r/m (C2s/kg =1/(fl'm)
is a property of the material. The
reststtvity is defined as r= l!a. If
the material is of uniform cross­
sectional area Sand oflength L, J
is uniform a n d normal to ds ,
therefore the cu r ren t is

I = JS = (J .Y. S
L

or V= IR where R = rLiS is resis­
tance in more famil iar units of
ohms.
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I f your home or office h as more
than one telephone extension,

you 've probably had the unpleas­
an t exper ience of p icking up the
phone only to find it already in
use. You may get an a ngry re­
spon se from the person on the
other end. If a modem is in u se,
you'll be greeted by the obnoxious
s q u a ll of two computers ex­
changing bits . Such an interrup­
tion u su all y mean s a los t
connection, or the corruption of
a file being transferred.

A solution to that problem is
the Phone Sentry-an inexpen­
s ive, simple , reliable indicator
that warns you when a phone ex­
tension is in use. The Phone Sen­
try is easy to build and install in
one evening, and presents no

--- load to the phone Itne.il ts small. ;
inconspicuous, and cos ts only $5
a copy.

ENTR
HE PHON

ca lled the hys teresis gap, or dead
b and . Hyste res is perm its a
Schmitt trigger in pu t to respond
very clean ly to noisy or irregular
inpu t s ig nals. It a lso permits
some fancy tricks. such as one­
gate oscillators. It is the latter ca­
pability for which a Sch m itt NAND

gate is used in the Phone Sentry.
Figure 1shows a block di agram

of the Phone Sentry. Th e fou r
gates of the CD4093B are u sed as
th ree separate elements . One
Schmitt-trigger NAND ga te acts as
an input comparator to monitor
a phone line. It in tu rn gates an­
other NAND gate used as an os­
cillator. which d r ives a high­
cu rren t buffer for LEDl.

The schematic of the Phone
Sentry is shown in Fig. 2 , with its
circu it waveforms at crit ical loca­
t ions shown in Fig. 3. Bridge rec­
tifi er D I-D4 elimina tes any
phone-line polarity problems. It
also removes the 80-volt peak-to -

DANIEL B. COOPER

CMOS 's good points. However,
when a CMOS input is presen ted
with a slo wly changing or n oisy
input . th e symmetrical switch ­
ing characteristic can cause the
circuit to ji tter or oscillate as the
input n ears th e 0 .5 +V po int.

Th e Schmitt trigger input h an­
dles n oisy environ ments by sepa­
ra ti ng the risi ng a n d falling
vo ltage -sw itch ing p o in t s . A
Sc h m itt trigger input will react
to a ri sing inpu t vo ltage on ly
when it passes a th reshold that is
higher than 50 % of the supply
voltage, u sually about 70 %, or
0 .7 +V. A falling input voltage
will cause a change on ly when it
falls below a much lower thresh­
old of about 30% of the supply, or
0.3 +V. An inpu t voltage between
those two thresholds will have n o
effect until it rises above 0 .7 +V,
or falls below 0.3 +V.

The region b etween t he 70%
a n d 3 0% SWitching leve ls is

_1~Stop!-Don't pick up that ­
phone!" The Phone Sentry

will warn you when a
telephone extension

is in use.

Circuit operation
The Phone Sentry circ u it is de­

cep t ively s im ple , yet elegan t in
design. At the h eart of the circu it
is ICI, a CMOS CD4093B quad
NAND ga te Schmitt tr igger.

Ordinary CMOS gates switch
midway between the voltage of
the pos itive and n ega ti ve sup­
plies . For a circuit powered from
5 volts , this point (called 0 .5 V+ )
is 2. 5 volts. When the input volt­
age ri s es past or falls below that
poin t , the ou tp u t will s witch.
Norm ally, th a t's a d esirabl e
char a c te r istic, a n d is one of

How it works
To understand how the Phone

Sentry works . you ne ed to under­
s tan d how the telephone system
works-or. at least, how the local
subscriber loop works, since
that's the part that en te rs into
your house.

The telephone line is held at
about 45 volts DC by the local
switching office when it's hung
up. When a teleph one is taken off
its hook, a IK load brings the line
down to 6 volts DC. The line stays
at 6 volts DC until you h ang up,
then it returns to 45 volts DC and
is disconnected.

The Phone Sentry op erates by
monitoring the telephone line
voltage and switching on a flash­
ing LED wheneve r the voltage
drops below 20 volts. The Phone
Sentry ca n be placed anywhere
on a phone line. not just on an
extension in use.

ena
Zo
a:
f­a
UJ
-l
UJ

6o
<l:
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FIG. 2-SCHEMATIC OF THE PHONE SENTRY, using a CD4093B quad NAND-gate Schmitt
trigger. The green (tip) and red (ring) phone-line wires are polarity-independent due to
Dl-D4.lnput comparator IC1-a gates IC1-b, a single-gate oscillator, which drives IC1-c and
-d, used in tandem as a high-current buffer/driver.

PARTS LIST
All resistors are Y4-watt, 5%,
Rl-2.7 megohms
R2-1 megohm
R3-4.7 megohms
R4-220 ,OOO ohms
Capacitors
C1-Q.005 fl.F, 100 volts, disc or

monolithic
C2-Q.33 fl.F, 16 volts, tantalum or

electrolytic
Sem iconductors
D1-D4-1N4001 diode
D5-1N4148 diode
IC1- CD4093B quad Schmitt trigg er

NAND-gate
LED1-light-emitting diode, any size or

color
Miscellaneous: 9-volt alkaline battery

with clip, PC board (see foil pattern), 22­
AWGwire, plastic case (optional), LED
mounting clip (optional), modular plug­
to-bare wire phone cable (optional) ,
two- way phone jack duplexer, 14-pin
DIP IC socket.

both inputs a re now high , the
ou tput switches low. The charge
of C2 is dra ined , par tly through
R3 . but more quickly th rough R4
and 05 . When the voltage at pin 1
drops be low the Sc h mitt input 's ~

lower th reshold, the ou tpu t of ~

the gate switches hi gh. and the ~

capacitor begins charg ing again OJ

through R3. When the capacito r ~
voltage reaches the Schmitt 's up- cD
per threshold, the output switch - ~
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RIC OUT
>---~I--lRUN /STOP

12 IC1 ·b
1/~ &040938

.iT 11 2
13

.iT
IC1 ·a

'/~ &040938 + 5

R2
B1T R3 6

PHONELINE 9V I 4.7MEG
lM EG ~ D5 IC1·d 7(POLARITY- -

1+
1N914 1/~INDEPENDENn Cl LEDl

0.005 C2 R4 C040938
~0.33 220K

of a s econd Sch m itt NAND gate
(ICl-b ), R3, R4 , C 2 , a n d 05 .
When pin 2 of ICI is h eld low by
the comparator, the output of the
gate is held hi gh. That output is
us ed to charge timing capacitor,
C2, through t im ing resi stor R3 .
The jun ction of com po nents R3
an d C2 is con nected to pin 1.
With the output h eld high , the
ch arge on C2 will r ise to the level
of the su pply voltage.

When a phone is p icked up an d
the loop voltage drops, the com­
para tor 's output goes high and
the os cillator is enab led . S ince

THE PC-BOARD FOIL PATTERN FOR the
Phone Sentry.

T ~
'----y---/~ "---y---/ '--v---" "---y---/'-~

BRIDGE SCHMITT-TRIGGER TIMING GATED DRIVER INDICATOR
RECTIFIER COMPARATOR OSCI LLATOR

FIG. 1-BLOCK DIAGRAM OF THE PHONE SENTRY. The rectified phone-line voltage
drives a comparator, whose output gates a low duty-cycle oscillator. The oscillator drives
a CMOS buffer/driver. The period and duty cycle of the oscillator are controlled by timing
components R3, R4, and C2.

p eak r ing s igna l, which cou ld
damage the Phone sen try or
make LED 1 flicker.

The output of the bridge rec­
t ifier is divided down by RI -R2 ,
with 27 % of the input voltage
reaching ICI-a. 27% rep resents
th e vo l tage div id er o f t he
[R2/(Rl +R2)] ratio, which equals

[1 megohm/(l megohm + 2.7 .
megohm )) = 0.27

The bridge always presents two
of the four diodes as a phone-line
load, 01-04 or 02-03 , dropping
the line voltage down by O.7 volts
DC each, or 1.4 volts to tal. Since
the input impedances ofpins 12
and 13 of ICl-a a re almost infi­
nite, they draw no cu r ren t. What
appears across Rl and R2 in se­
ries should be about

45 V -l.4 V = 43 .6 V.

The voltage at pins 12 an d 13
with the phone hung up is there­
fore

43 .6 V xO.27 =11 .78 V,
which is 2 .78 volts above the 9­
volt DC supply. The IC, however,
is protec ted from overcurrent
burnout by Rl and internal di­
odes . When an ex tension is in
use, the 6 volts on the line goes
down to

(6 V -1.4 V) x 0.27 = 1.24 V.
Capacitor Cl filters out small

spikes that can be generated dur­
ing the ringing cycle, protec t ing
the IC and elim inating a n y re­
sidual tendency of the LED to
flicker.

Because the comparator is a
Schmitt NAND gate, it s output
(pin 11) will be low whenever the
input voltage is above about 6 .3
volts (70 % of 9 volts), an d high
whenever the input drops below
about 2 .7 volts (30% of 9 volts ).
Thos e switc h ing values fi t per­
fectly with th e 11.78 a n d 1.24
volts gen erated from the phone
line by the rectifier and divider.
The ou tpu t will be low when all
phones a re on- h ook, a n d high
when any phone is pi ck ed up, or
a modem is con nected to the line.

The LED cou ld b e driven di­
rectly by ICl-a , but Bl would be
drained in ab out 10 h ours be­
cause LEOI draws 10 milliamps
when Ii t. To exten d battery life to
a t least 100 hours, ICl-b , the low
5 % duty-cycle oscillator, is gated
by ICl-a, driving LEOI an d giving
a bright flash with much lower
cu rrent drain.

The ou tput of the com parator
is us ed to gate an oscillator on
and off. That oscilla tor cons is ts
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Construction and installation
The Phone Sentry can be as­

sembled on either a PC board,
shown here, or on perforated
construction board of similar
size. The PC board is about the
size of BI, so housing the unit is
simple, and its construction is
straightforward. Figure 4 shows
the parts placement diagram;
use a socket for ICI, and install it
using proper anti-static han­
dling techniques.

The Phone Sentry is small,
with several installation options.
Once you decide how to mount it,
you can select how to wire both
the phone line and LED1. If you
put the Phone Sentry inside an
extension or a wall-mount jack,
then solder a foot of 22-AWGwire
to each input terminal.

Ifyou use a small case for plug­
ging into a wall socket, solder the
green (tip) and red (ring) wires of
a modular: plug-to-bare-wire
phone cord, and clip the yellow
and black wires. You may want to
solder LEDI directly to the PC
board, or mount it in a visible
location with two 6-inch pieces of
stiff wire.

You can mount both the PC
board and BI in a standard desk
phone. Open the phone and se­
cure both the PC board and bat­
tery clip to the baseplate with
double-sided foam tape. Drill a
small hole in the dialing button
escutcheon, and use silicone sea­
lant or an LED clip to mount
LED!. Connect the two input
wires to the tip and ring wires,
insert BI, replace the cover, and
plug the phone back in.

If there's no space for the Phone
Sentry and BI, use a small plastic
box on the side of the phone for
the PC board, Bl , and LEDl, and
pass the tip and ring wires
through a hole in the box and
phone case to the connecting
points inside the phone. For a
wall phone, mount the same case
near the wall jack and run the
wiring into the wall jack, so it's
independent of the phone. R-E

charge to the lower threshold the
first time. Therefore, the first
flash of the LED is longer and
brighter than those that follow.
That's a nice touch, because all of
the Phone Sentries in the house
will give an initial bright flash
when a phone is first picked up to
answer a call.

going back on-hook.
The outpu t of the oscillator

(pin 3) is inverted and used to
drive the indicator LED. When
the oscillator's output is high,
the output of the driver (pins 10
and 4) is low, and the LED is off.
When the oscillator output is low,
the driver output is high, and the
LED is on. Since the capacitor
discharge time (oscillator output
low) is much shorter than the
charge time (oscillator output
high), the LED is on much less
time than it is off, resulting in a
very low duty cycle, and low bat­
tery drain.

Because the capacitor starts
each cycle charged much higher
than the Schmitt input's upper
threshold, it takes longer to dis-

es low again and the process
repeats until the gating input is
again brought low by the phone

(OFF-HOOKl

FIG. 3-CIRCUIT WAVEFORMS OF THE Phone Sentry. Shown are the voltages on the
phone line, pins 12 and 13of IC1-a,pin 11 of IC1-a,pin 3 of IC1-b,pin 1 of IC1-b (the vo ltage
across C2), and across LE01.

PHONE LINE. voo
~ (ON-HOOKl

(/) FIG. 4-THE PARTS PLACEMENT 01­
~ AGRAM of the Phone Sentry. You can
o mount LE01 in several ways, depending
~ on how you mount the PC board.
o
UJ
..J
UJ

6
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Two new digital audio formats-Sony's
Mini Disc and Philips' Digital Compact

Cassette-promise to battle each other as
they create consumer confusion.

IT'S BEEN LESS THAN A DECADE

sense the compact disc was in­
troduced. In that short time, the
CO has brought high-quality au­
dio reproduction to the masses,
and taught us to appreciate good
sound. We're not exaggerating
when we say that the CD has
changed the way we listen to mu­
sic.

It's rare for a new technology
and format to catch on so quick­
ly-especially one that threatens
to make its predecessors ob­
solete. CD was a success not only
because ofconsumer acceptance,
but because it also offered some­
thing to manufacturers, record­
ing companies, and retailers.

It wasn't the CD's "gee whiz"
appeal-norwas it the promise of
perfect audio reproduction-that
caused sales to catch fire. It was
convenience. When compared to
the LP that it replaced, CD's were
a dramatic breakthrough. They
can store more audio in a pack­
age a fraction of the size. They
can be lent to even your most
careless friends without getting
scratched. They even play back
more conveniently, because you
can skip tracks that you don't
want to listen to , or re-arrange
the order in which the songs play
back.

It's convenience, also, that
makes the venerable compact
cassette our music medium of
choice. (Cassettes outsell CD's by
a ratio of about 1.5:1.) They fit in
your shirt pocket, and they stand
up reasonably well to abuse .
They're ideal for use in a car or in
a personal stereo because they're
relatively immune to shocks. So
what if they can't come close to
the audio quality of a CD or even
an LP?

How about DAT?
In the belief that consumers

had fallen so much in love with
the idea of digital audio because
of their exposure to CD, Japa­
nese manufacturers reasoned
that Digital Audio Tape (DAT)
would be to the CD what the com­
pact cassette was to the LP. Unfor­
tunately, it didn't work out that
way for a number of reasons.
First, the record industry,
spearheaded by the RIAA (Re­
cording Industry Association of
America), threatened lawsuits
against any Japanese manufac­
turer who exported the DAT ma-

BRIAN C. FENTON

chines to the U.S . The RIAAwas
concerned about DAT's potential
to make Virtually perfect copies of
CD's . (They seemingly missed the
fact that, for most people, cas­
settes do the same thing. And de­
spite that, pre-recorded cassettes
have outsold both LP's and CD's
combined since 1982! They've
outsold blank tapes as well.) The
threats of lawsuits were enough
to stop DAT dead in its tracks,
despite considerable accolades
for the format in the audio and

general press.
Although some DAT machines

were available on the "gray mar­
ket" of unofficially imported
goods, DAT officially arrived in
the U.S . market last year-With
generally disappointing results.
Whether it was the years of delay, en
the taint of the lawsuits, the ex- m

~pense of the machines, or the m
lack of pre-recorded software that ~

have killed DAT in the consumer ~

market, we'll never know for ~
CD

sure. Perhaps DATfailed because ~
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EIGHTTRACKS OF MUSIC DATA are con ­
tained on eact. "side" of the Digita l Com­
pa ct Cassette, as shown in a. (All
dimens ions shown are in micrometers.)
The DCC head shown in b is manufac­
tured us ing th in-film techniques. It con ­
tains a set of 8 digital record ing and
playback heads as well as two analog
playback heads.

~ Enter DeC
z In January of this year, Philips
~ announced that "a new era of au­
t) dio reproduction has started."
~ DCC, a digital extension of the6 compact cassette, would offer
is "the best opportunity available
~ for consumers and industry to

a
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recording heads for digital re­
cording. We'll see shortly why 9
digital heads are required.

PASC makes it work
The key to the DCC system is

the a new digital coding tech­
nique called PASC, or precision
adaptive sub-band coding. The
goal of PASC is to produce a sig­
nal equivalent to that of a CD.
The results? A dynamic range
better than 105 dB, and a total
harmonic distortion, including
noise, of less than 0.0025%

PASC is based on two impor­
tant phychoacoustic principles.
The first is that we can hear
sounds only if they're above a cer­
tain level, called the hearing
threshold. ';'he second is that
loud signals mask soft ones by
raising the hearing threshold.

PHILIPS' PASC ENCODING ignores
sounds that are below the hearing thresh­
old (a). Of the signals shown in b, on ly A
would be recorded because B, below the
hearing threshold, would not be heard .
The hearing threshold, however, varies
dynamically depending on what other sig­
nals are present. In e, signal B has altered
the threshold, making A inaudible.

enter into the field of digital re­
cording." Tandy Corporation an­
nounced that they would be the
first U.S. licensee of Philips' tech­
nology, and would introduce a
home recording deck in late
1992.

The most important feature of
DCC is that it doesn't make the
familiar cassette obsolete. All
DCC players will play back exist­
ing analog cassettes, so even
when you make thejump to DCC,
you can still listen to your exist­
ing library of tapes. (You won't,
however, be able to record analog
cassettes on your DCC machine,
or play DCC tapes on your stan­
dard cassette deck.) That "back­
ward compatibility" could con­
vince some consumers to up­
grade to DeC even though they
like what they already have. After
all, an upgrade won't just give
them better sound, but as we'll
see, more convenience as well.

A DCC deck is essentially a
standard cassette recorder that
includes some extra digital elec­
tronics and a new head design.
The dimensions of a DCC cas­
sette are essentially the same as
that of a standard cassette, but
the digital' cassette's sides are
flat-the case doesn't get fatter
where the head enters the shell.
Also, since the DCC standard de­
mands that all DCC players fea­
ture auto-reverse, there's never a
need to flip the tape over, so you
don't need to have holes for the
reels on both sides of the cas­
sette. That means that one full
side of the cassette can be used
for information and graphics­
something the recording compa­
nies love.

The spool holes and the tape
surface are protected against
dust and fingers by a sliding met­
al cover, which also locks the tape
hubs. There's no need for an car­
rying case, so the digital cassette
is easier to use and store, es ­
pecially in a car.

The key to maintaining com­
patibility with standard cas­
settes is a new thin-film semicon­
ductor head, manufactured
using a process similar to that
used for integrated circuits. The
first layer of the head contains
one set of 9 magneto-resistive
heads for digital playback, and a
pair of similar heads for analog
playback. On the second head
layer is one set of 9 integrated
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it doesn't offer the avarage con­
sumer anything that they're not
already getting from their favor­
ite compact cassettes.

Although the compact cas­
sette-even with its inherent
problems-is just fine for most
people, Philips, the originators of
the compact cassette, was con­
vinced that the format could be
improved, and that consumers
would buy into the updated for­
mat. Thus, DCC, the Digital
Compact Cassette, was born.
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A PROTOTYPE MINI DISC player and a pre-recorded disc.

The hearing threshold, as you
might expect, varies from person
to person. Even a very sensitive
ear, however, won't be able to
hear a sound if it is masked by a
louder sound. (You couldn't, for
example, hear an unamplified vi­
olin at a rock 'n ' roll concert!) The
theory behind PASC's efficiency
can be expressed by the ques­
tion, "If you can't hear it, why
record it?"

During encoding, the PASC
processor analyzes the audio sig­
nal by splitting it into 32 sub­
band signals. By continuously
taking into account the dynamic
variations of the hearing thresh­
old, the PASC processor encodes
only the sounds that will be audi­
ble to the human ear. Each sub­
band is allocated the number of
bits that are required to accu­
rately encode the sound wi thin it.
If a subband doesn't require .ny
bits-because it contains sounds
that are masked, for example­
its bits are re-allocated to other
subbands so that the sounds
within them can be encoded
more accurately. On average, the
PASC system needs to encode
only one quarter the number of
bits that a CD or DAT encoder
would to reproduce a given audio
signal. .

The encoded data is multiplex­
ed into an 8-channel data
stream, and error-detection and ­
correction codes are added. The
eight channels are recorded on 8
parallel tracks on the DCC tape.
The ninth track can be used to
carry auxiliary data , such as
song titles, recording times, and
the like). The auxiliary track
could be used to generate hun­
dreds of characters of text per

TERBIUM FERRITE COBALT
MAGNETIC MATERIAL

POlYCARBONATE RESIN

THE MINI DISC is composed of 4 layers.

second, so decks could include
readouts for song lyrics or other
information about the selection.

DCC, an elegant extension of
the most popular music carrier
we have, seemed to be a sure-fire
hit. It had something for every­
one, including hardware man­
ufacturers, record companies,
retailers, and consumers. It now
appears, however, to have run up
against a formidable competitor:
Sony's Mini Disc.

Sony's Mini Disc
In May of this year, in what

seemed to be a deliberate attempt
to derail DCC before it got mov­
ing, Sony announced a brand
new recordable audio format, the
Mini Disc or MD. Sony, however,
denied that their MD was meant
to compete with DCC. In re­
sponse to the question of what
MD replaces, the President of
Sony Corporation of America an­
swered "We are replacing
nothing. We are Creating new
markets."

The Mini Disc format is specifi­
cally designed for portable ap­
plications (personal stereos,
boom boxes, etc.) and is slated for
introduction, conveniently, in
late 1992-the same time that
DCC decks are due. The disc,
about 2 V2 inches in diameter,
looks-and acts-like a cross be­
tween a compact disc and a micro
floppy computer disk . Like a
compact disc, the Mini Disc is an
optical medium-it is read by a
laser and can store up to 74 min- .
utes of digital audio. Like a floppy
disk, the mini disc can be mag­
netically recorded again and

again.
How did they manage to get the

same capacity as a CD on a disc
that has about V4 the surface
area? Interestingly, by treating
audio in much the same way as
DCC does . Sony's encoding
scheme, which is called ATRAC,
or adaptive transform acoustic
coding, is also based on the psy­
choacoustic principles regarding
the threshold of hearing and the
masking effect.

Because the ATRACencoder ig­
nores sounds that fall below the
threshold of hearing (which var­
ies dynamically because of signal
masking) it can encode data five
times more efficiently than CD or
DAT systems. That's even better
than DCC's 4 :1 advantage!

Can a recording that "leaves
out 80% of the bits" sound as
good as a CD? In theory, if all
you're leaving out is things you
can't hear, then yes. In practice,
we don't know yet. At Sony's an­
nouncement, they demonstrated
a prototype by playing some popl
rock for a half minute or so. It
sounded OK, we guess, consider­
ing that the listening environ­
ment was a crowded hotel
meeting room . No AlB com­
parisons were provided between
CD and MD. Sony claims that
"only 2 % of the population will be
able to hear the difference. "

The Mini Disc is constructed of
four layers, including a newly de- (J)

vel oped magnetic layer of ter- !iJ
biurn ferrite cobalt. Since mag- iT1
neto-optical discs can't come in ~
contact with the recording g:J
heads, it 's important that the ~

CD
magnetic material be able to ::;
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LASER~

MAGNETO-OPTICAL OVERWRITETECHNOLOGY. When the magnetic layer is heated by
the laser, it becomes possible for the magnetic head to change its polarity. The polarity is
then detected by the laser during playback by noting the direction of reflection.

Who wins?
Ever since we forecast that OAT

would be a sure-fire success,
we've been reluctantto make pre­
dictions. But let's look at some of
the issues involved , and how
DCC and MD stack up.

For consumers-assuming
that both formats offer h igh­
quality audio-DCC has the de­
cided advantage in that existing
libraries of cassettes won't be ob­
solete. Both formats have the po­
tential to supply such con­
venience features as song title
andlyrtc readouts, but MD offers
much faster random access of
tracks Although it's too early to
say for sure, prices for home DCC
decks should be under $500
when introduced, while a porta­
ble MD player is expected to cost
around $400. For consumers, we
give DCC a slight edge. .

The recording companies will
have a hard time taking sides .
Both technologies will use the se­
rial copy management system or
SCMS , an anti-piracy system.
Manufacturers will be able to du­
plicate DCC at 64 times normal
speed on equipment similar to
what is now used for standard
cassettes. Mini Disc players will
be able to play back not only mag­
n eto-optical discs, but pre-re­
corded optical discs as we ll­
discs manufactured using the
same process as is used for CD 's.
Various recording companies
have expressed support for each
format. Which way will the record
com pa n ies go? For us, it's too
close to call.

Hardware manufacturers
should prefer DCC because stan­
dard tape transports can be
used. Retailers, always reluctant
to have to stock the same titles in
various formats, are dreading the
thought of re-vamping their
s to res to accommodate either
DCC or MD.

What about you? In the long
run-since both formats s eem
destined to compete with ea ch
other for your money-it's you
who will de cide whether DCC or
MD is the personal recording for­
mat of the 90's and beyond. R-E

nological reason why portable CD
players couldn't offer their own
sh ock-proof memory buffer. But
s ince the buffer would have to be
5 t imes the s ize, it would add
greatly to the cos t.

three s econds. If the laser mis­
tracks , the listener won't hear it.
The buffer will feed data to the
decoder wh ile the laser fin ds its
way back to the ri ght sp ot. Sony's
a n nou ncement included a dem­
onstration where a prot otype
player was s h a ken Vig o rous ly
without any au d ible result. The
prototype continued to play even
after the disc was removed until
the l -megabtt buffer was em pty!
Of co u rse, t he r e 's n o t e ch-

SHOCK-PROOF MEMORY promises to
make Mini Disc an ideal portable format.
Since the data is read off the disc far faster
than required by the ATRAC decoder, a
buffer as long as three seconds is created.

MAGNETIC HEAD WRITING SIGNAL

n 1 00

H-------1

DISC
ROTATION NEW OLD

¢:~ *1.1*[J *1*1.1. 100 (CROSS-~~c~6~~L VIEW)

OBJECTIVE LENS c=>

change polarity when su bject to a
very small magnetic field . The
new material fills the bill.

The Mini Disc requires both a
laser and a magnetic head for re ­
cording. When the m a gnetic
layer is heated by the laser (to a
temperature of about 400°F), it
loses its coercive force-that is , it
becomes very easy to magnetize.
The head then supplies a mag­
netic field to set the material's
magnetic polarity. When the
heated spot cools, the n ew polar­
ity is "locked in" and, th us, the
digital data are recorded.

Sony's Mini Disc has a couple
of advantages over other optical
recording methods . The s t ru c­
ture of the head is much simpler
because the laser can be on con ­
tinuously during recording and
playback. And the low-coercivity
of the magrietic material greatly
reduces the power required,
making portable op eration feas i­
ble.

One feature of Mini Disc touted
by Sony is that the portable Walk­
man players will have "shock­
proof memory. " One of the prob­
lems with current portable CD
players is that they don't work

13 too well unless they're stan d ing
z still. Any s harp j a r r in g causes
a? the laser to mistrack. Mini Dis co players shouldn 't s u ffer from
~ that problem because data is read6 off the disc a t a rate far faster
is than required by the ATRAC de­
~ coder, creating a data buffer of
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HARDWARE HACKER
Driving inductive loads, more on phone caller ID,

Bakerizing and laminating, alternators as stepper motors,
and programmable logic resources.

DON LANCASTER

Let us first pick up on several
updates to some of our earlier
Hardware Hacker top ics . One

good source for those BA1404 FM
stereo broadcasting kits is DC Elec­
tronics. They also stock the super
new Signetics NE602 mixer/convert­
er chips and the TEC-200 film for di­
rect toner printed circ uits. Another
NE602 source is Active Electronics.

Telephone caller ID is certainly one
hot topic these days . And yet another
source of call identifier magic boxes
is Hello Direct. Prices start at $60.
You must, of course, have the ID ser­
v ice availab le before yo u can use
these magic boxes. Sta tes that have
at least some local availability of caller
ID shou ld now include AL, CA, FL,
GA, IL, IN . MD, ME, MI, NC, NE, NJ ,
NV. OH , OK. SC. TN, VA, VT, WV,
and Washington DC. Other areas are
sti ll in the planning stages. Most ser­
vices are st ill for local cal ls only. .

One handy and rather non-obvious
benefit of this new service: When you
come back from lunch, you have a
complete and time-stamped list of ev­
eryone who tried to cal l you when you
were out. Most useful.

I thought we might round up a big
collect ion of odds and ends for this
month's co lumn...

Driving inductive loads
If you blindly connect a transistor

or another so lid-state device to an
inductor such as a relay or a motor
co il, you wi ll almost certain ly blowout
your circuit the very first time you
power it up. Special protection tech­
niques are always needed when you
try to control an inductor's current
with any solid-state device. These in­
ductive-circuit protection techniques
are cheap and simp le, but you do
have to understand what is coming
down to use them properly.

Take a coil of wire and connect it to
a voltmeter. Now shove a magnet
through the center of your co il. As
you insert the magnet, you generate
a positive induction vo ltage . Remove

the magnet, and you' ll generate a
negative induction voltage . Any time
your magnetic field changes , you
genera te an induced voltage. And the
faster the change, the more voltage
you create.

Since any current through a coi l
can generate a magnet ic field, any
cha nge in your co il current shou ld
produce a change in the magnetic
field , which in turn induces a voltage
spike. The greater or the more sud­
den the change in the current, the
greater the induced voltage . The
basic math here says that:

e = L1i/L1t

or. in plain English, your induced vo lt­
age across any coil is proportional to
the size of the inductor and the rate of
change of current through the coil.

Say you decide to control a relay.
You turn your relay on by sending a
current thro ugh your coil. And then
you attempt to turn your relay off by
suddenly disconnecting your coi l cur­
rent. What happens?

Your magnetic fie ld will suddenly
col lapse, generating a horrendous
vo ltage spike . You tr ied to make Llt
zero, and, since you 're now try ing to
divide by zero. you get a theoretica lly
infinite voltage spike. Thus, suddenly
ceasing the current in any inductance
is guaranteed to create a humongous
voltage spike.

Sometimes you might choose to
purposely do that. For instance, the
current through the co il in any car
ignition is suddenly broken to step up
the 12-volt battery into many tens of

NEED HELP?

Phone or write your Hardware
Hacker questions directly to:

Don Lancaster
Synergetics
Box 809
Thatcher, AZ 85552
(602) 428-4073

thousands of volts of ignition-spark
voltage. And a related technique gets
used for television high-voltage.

But, should you sudden ly cease a
current through any coil in any so lid­
state circuit , the voltage spike you 'll
get is almost certa into blow up the
transistor of whatever happens to be
contro lling your coil.

The rule here is simple : Never let
the current through an inductive load
suddenly drop to zero in any solid­
state circuit!

Figure 1 shows you how to add a
plain old power diode to your relay
coi l to provide spike protection. Note
that the diode appears "backward"
so that it does not norma lly conduct
any supply current.

If you suddenly try to turn off the
inductor current , a small induced volt­
age will immediately be created that ,
in turn, forward biases and turn s on
the protection diode. The current you
had before can then continue on
through your protection diode and
back into the relay coil. The current
will now drop down to zero fairly
quickly, dissipating itself in the for­
ward drop of the diode and in the
interna l resistance of your relay coi l.
At no time is any voltage spike gener­
ated that exceeds the 0.6 volts or so
of your diode's forward drop.

This simp le diode despiker works
quite wel l. But there are some minor
side effects that can somet imes
cause prob lems. Note that your relay
wi ll stay pulled in for a brief time delay
after you thought you turned if off.
That happens because there is still
diode-provided current going through
your coil. In a larger relay, the time
delay could extend a few tenths of a
second , and cou ld cause you tim ing
problems .

The physical dropout of your relay (f)

can also end up slower and sloppier. ~

Which cou ld cause contact arcing in rT1
higher-current uses . ~

Your protection diode should also ~

turn on fairly fast. If you use a slow ~

diode, or if there is not enough stray ~
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FIG.1-ANY SEMICONDUCTOR can be in­
stantly destroyed if you use it to suddenly
turn off the current in an inductive load.
The despiking diode shown here allows
the coil current to continue long enough
to safely dump the magnet ic flux energy
without creating a killer transient.

FIG. 2-ADDING A SERIES Zener diode
shortens and sharpens the dropout time.
This minimizes turn-off delay and contact
arcing in power relays. Your control tran­
sistor must be able to block the supply
vo ltage PLUS the Zener vo ltage.

FIG. 3-TRANSIENT SUPPRESSORS are
commercially available bi-directional de­
vices that are also known as varistors,
MOV's, TRANSILS, or several other trade
names. These must be carefully matched
to the allowable voltage rise and the mag­
netic flux energy to be dumped.

HARDWARE HACKER STUFF
Hardware Hacker Reprints II or III 24.50
Midnight Engineering Reprints 16.50
Incredible Secret Money Machine 12.50
CMOS Cookbook 24.50
TTL Cookbook 19.50
Acti ve Filter Cookbook 19.50 .
Micro Cookbook vo l I or II 19.50
Lancaster Classics LIbrary 109.50
Enhancing your Apple I or II 17.50
AppleWriter Cookbook 19.50
Absolute Reset lie & lie 19.50
Enhance I or II Companion Disk 19.50
AppleWrlter CB or Assy CB Disk 24.50

POSTSCRIPT STUFF
Ask The Guru Reprints I, II or III 24.50
LaserWriter Secrets (lie/Mac/PC) 29.50
PostScript Show & Tell 39.50
Intro to PostScript VHS Video 39.50
PostScr ipt Beginner Stuff 39.50
PostScript Cookbook (Adobe) 16.50
PostScript Ref. Manual II (Adobe) 28.50
PostScript Program Design (Adobe) 22.50
Type I Font Format (Adobe) 15.50
LaserWriler Reference (Apple) 19.50
Real World Postscript (Roth) 22.50
PostScript Visual Approach (Smith) 22.50
Thinking in PostScript (Reid) 22.50
The Whole Works (all PostScript) 299.50

Alternators as steppers?
A stepper motor differs from an

ordinary motor in that it can deliver
incremental mot ion in the form of tiny
precise steps, rather than as a contin­
uous rotation. The important advan­
tages of a stepper motor are the
precision with which you can set an
output shaft position, the ability to
rapidly and conveniently change the
direction or the speed of your output
steps, and the capability of strongly
holding a zero-speed position .

Small stepping motors are Widely
used for such things as printer paper
feeds , automobile idle controls, pen
plotters , and sometimes for disk­
drive head positioners. And most any
old surplus electron ics catalog will
have lots of small steppers and all
their dr ivers cheaply available . But
what about the heavy stuff?

There are lots of good hacking
uses for power stepper motors . Ob­
vious examples include robotics , ma­
chine-tool power feeds, animation
stands , plotters , sign cutters, solar
pumps, and even Santa Claus ma­
chines . As you have probably noticed
by now, power stepper motors are
rare, horrendously expensive, hard to
get, and harder to drive . Did I mention
being hot and noisy?

You do have to carefully match your
protection device to the size of the
spike you are willing to allow and the
amount of energy that you need to
dump from your coil. If at all possible ,
you should also isolate your coil driv­
ers from more sensitive parts of your
circuit. Optoisolators and individual
power supplies are great for this .
More info on spike protection and
computer interfacing appears in my
Micro Cookbook, volume II.

of this series combo as an "inefficient
diode " with a 24-vo lt forward drop.

Whenever you sudden ly discon­
nect your relay current, a large but
acceptable 24-volt high-voltage spike
is created , which turns on both di­
odes in the series pair. The current
continues through the diodes, but will
fall to zero much faster as you now
have a 24-volt drop burning up all of
your remaining coi l energy. Thus, the
circ uit w ill stil l give you protection, but
wi ll shorten the excess holding time
by a factor of 40 or so. Your contact
release will also be that much faster.

What happens is that you 've now
made a tradeoff. You are allowing a
reasonably sized spike in exchange
for a big reduction of the release time .
Note that your transistor will see a
maximum voltage of your supply volt­
age plus the drop of the Zener during
break time . For instance, on a 12-volt
supply, your transistor wou ld have to
block at least 36 volts if it is not to be
damaged .

There are special back-to-back
Zener-like components intended for
spike protection . They go by the
names of varistors . MOV 's, or
transient protectors , and do have

'various brand names . They work the
same way as Fig. 2 in that they do not
conduct until spike time. Then they
do conduct heavily and internally dis­
sipate the inductor's flux energy. Fig­
ure 3 is a typical circuit.

SOS is one of many suppliers of
the TRANSIL spike protectors. Their
BZW04P23 is typical. At 25 volts or
under, it draws only 5 microamps.
Above 30 volts it starts conducting
heavily, and by 41.5 volts it draws at
least 10 amperes . Despite the tiny
package, these devices can with­
stand 50 amps for 10 milliseconds .
Higher-power units are also available.

VISA/MCFREE VOICE HELPLINE

circuit capacitance around , a large
and possibly destructive spike can
build up during the time your diode
actually starts conducting .

Figure 2 shows you an improved
spike-protection c ircuit. Here we
have added a 24-volt Zener diode in
series with the protection diode . This
combination will conduct no current
in one direction and wil l conduct in
the other direction only when the volt­
age across it exceeds the Zener
breakdown of 24 volts. You can think
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Silicon power transisto rs,
Power Darlingtons,
or Power FETs

STATOR C

C

out as a separate positive terminal.
Which should then give you three dis­
tinct and independent winding sets.

Let's call the windings A B, and C.
Power the field via the slip rings, and
pulse winding A. Keep your current
down around an amp or two at first to

Jl

MODIFIED CAR ALTERNATOR

STATOR B .

B

Jl
A

STATOR A

Jl

With LAMINATING, a thin clear pl a st ic
overlay is perma nently attached to your
copy by u sing h eat an d pressure . Thi s
process seems ideal for me nus a nd book
covers, or where extreme scuff resistance
to "lock in" your t on er is required .

CJ)
m
~
m
s::
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m
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FIG. 5-THESE TWO "MAGIC" FILMS can dramatically improve the appearance and ~

durability of any toner image. Evaluation sheets are newly available. ~

With BAKERIZING, your toner image is
tem porarrly placed in clos e contact with
a smooth film . Heat and pressure is then
applied . The tone r becomes much blacker
and takes on a beaut iful medium to high
gloss . Som e film s can be re u se d .

LAMINATING

And speaking of which, there are
normally three sets of stator coils.
These are usually hooked up in what
is known as a three-phase v.ye cir­
cuit. For stepper use, you will want to
f ind the float ing splice whe re your
wye connection is made and bring it

BAKERIZING

FIG. 4-CAN A CAR ALTERNATOR get converted into a $5 power stepper for a machine
tool drive? Only hackers know for sure. To experiment, use the rotor as a powereo
electromagnet. Find the floating stator wye connection and bring it out as a power
terminal. Pulse one stator winding at a time in an ABC (clockwise) or an ACB (coun­
terclockwise) sequence. Be sure to limit stator currents.

An industrial arts teache r out of
Phoenix by the name of Bob Knight
stopped in the other day with what
just mi ght be a bri ll iant hac k .
Junkyard car alternators cost under
$5 each, especially if you don 't par­
ticular ly care which model YOlJ are
getting . Can you convert an alte r­
nator into a power stepper?

The needed modifications do ap­
pear to be simple and obvious. And
power FET or Darlington drivers are
no big deal thes e days.

My f irst respon se was " yes,
but ...," and I immediately came up
with a dozen good reasons why this
flat out would not work. At least not
very well. Things like a wide air gap,
low-frequen cy mechani cal reso­
nances , DC biasing, giant step sizes,
all the non-optimum magnetic paths ,
very poor damping, backlash, slow
speeds, and an eff iciency that proba­
bly would be an out right joke .

On the other hand, if you pulse an
alternator, there is no way you can
hold onto it when you do. The kick is
definitely there .

At best, I would guess that you
could not get as much useful force
with a car alternator as you could by
using a much smaller " real" stepper
motor. And the alternator would end
up ridiculously slower to boot.

I'd like you to try and prove me
wrong. Either as this month's contest
or for a winning schoo l lab project.
experiment with a car alternator and
find out exactly how useful a power
stepper motor you could convert it
into . Could you in fact create a $5
machine-tool power feed with one?
How fast can you go? How much out ­
put force can you get? How good are
the steps?What is the best computer
interface?

There will be the dozen or so of our
usual Incredible Secret Money Ma­
chine book prizes , along with a big all­
expense-paid (FO B Thatcher, AZ)
tinaja quest fo r two going to the very
bes t of all.

Okay, Fig. 4 shows you some con­
version hints.

Most real stepper motors do use a
permanent magnet rotor. W ith an al­
ternator, you would use the f ield
winding and slip rings as a giant elec­
tro magnet. running as much current
through it as you can without over­
heating. This form s a group of seven
shaft -attached magnets that you can
rotate to a desired position byactivat­
ing the stato r coils .
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Trade winners
PO Box 7-250
Taipei, Taiwan, ROC
(02) 733-3988

CIRCLE 315 ON FREE INFORMATION CARD

Sprague
70 Pembroke Road
Concord, NH 03301
(603) 224-1961

CIRCLE 313 ON FREE INFORMATION CARD

Synergetics
Box 809-RE
Thatcher, AZ 85552
(602) 428-4073

CIRCLE 314 ON FREE INFORMATION CARD

to increase your step resolution . But
you will have to watch for backlash
when you try this. And do note that
the finer the resolution, the slower
you r maxim um allowable ope rati ng
speed. Sorry about that.

You might also like to look at some
dual current scheme that gives you a
brief high-current pulse when step­
ping and some lower hold ing current
between the actual steps.

After you do have your stepper
working reasonably well, you'll want
to increase the operating cur rents.
Overheating , saturation effects , and
overshoots set your ultimate limit.

It might also be very inte resting to
rewind all the stator co ils. Use lots
more turns of a much smaller-diame­
ter wire , and try bridging only a single

JC Whitney
1917-19 Archer Avenue
Chicago, IL 60680
(312) 431-6102

CIRCLE 316 ON FREE INFORMATION CARD

Sio-Syn
383 Middle Street
Bristol, CT 06010
(203) 582-9561

CIRCLE 312 ON FREE INFORMATION CARD

SGS-Thomson
100 East Bell Road
Phoenix, AZ 85022
(602) 867-6259

CIRCLE 311 ON FREE INFORMATION CARD

Rochester Electronics
10 Malcolm Hoyt Drive
Newburyport, MA 01950
(508) 462-9332

CIRCLE 310 ON FREE INFORMATION CARD

NAMES AND NUMBERS

Photocomm, Inc
7681 East Gray Road
Scottsdale, AZ 85260
(800) 223-9580

CIRCLE 309 ON FREE INFORMATION CARD

Active Electronics
11 Cummings Pk
Woburn MA 01801
(800) 677-8899

CIRCLE 301 ON FREE INFORMATION CARD

bridge-type drive that lets you run cur­
rent either way through any given
winding . You could now use both at­
traction and repulsion , and , once
again, should be able to double the
number of steps.

And a final reso lution enhancer
would be to put a nutplate of some
sort on the shaft end , creating a linear
stepper. A threaded shaft through the
nutplate will then move forward or
backward as the alternator steps.

For instance, with a 1,14-20 thread,
each full revo lut ion would advance
you fifty mils . One single step at 21
steps per revolution would advance
you a mere 2.38 mils , besides giving
you a really major mechanical advan­
tage to boot.

Simple gearing could also be used

Hello Direct
140 Great Oaks Blvd
San Jose, CA 95119
(800) 444-3556

CIRCLE 305 ON FREE INFORMATION CARD

Maxim
120 San Gabriel Drive
Sunnyvale, CA 94086
(408) 737-7600

CIRCLE 306 ON FREE INFORMATION CARD

DC Electronics
PO Box 3203
Scottsdale, AZ 85271
(800) 423-0070

CIRCLE 303 ON FREE INFORMATION CARD

Galco
26010 Pinehurst Dr
Madison Heights MI 48071
(313) 542-9090

CIRCLE 304 ON FREE INFORMATION CARD
- -

Airpax
150 Knotter Drive
Cheshire, CT 06410
(203) 271 -6000

CIRCLE 302 ON FREE INFORMATION CARD

Memory Card Systems & Design
6300 S Syracuse Way, Ste 650
Englewood, CO 80111
(303) 220-0600

CIRCLE 307 ON FREE INFORMATION CARD

Motorola
5005 East McDowell Road
Phoenix, AZ 85008
(800) 521-6274

CIRCLE 308 ON FREE INFORMATION CARD

prevent any overheat ing or driver
problerns. The rotor will align itself
with the nearest pole piece and
should lock itself to some position.
Now turn off wind ing A and activate
winding B. The rotor should now jump
one step clockwise. Turn off Band
whap C . And you should jump yet
another step clockwise.

To step clockwise, use an ABC se­
quence. To step counterclockwise,
just use ACB instead. You'll probably
want to keep at least one winding
energized at all times so that you can
hold a position when not stepping .

Note that you could end up in posi­
t ion A. B, or C , depending on your
power sequence. You'll have to re­
member where you are with your con­
tro ller or host computer. A typical
alternator should give you 21 possible
positions, and a resultant step angle
of around 17 degrees.

You would disconnect all of the al­
ternator diodes during your con­
version . These could later get used
as protection diodes with your driver
circuits if you do not have anything
better available.

One hint: Your slip ring brushes
can " explode" whenever you take an
alternator apart. And the two brush
springs will f ly off into the hinterlands.
Look closely, and you'll find a tooth­
pick -size hole in the insulated brush
holders .To reassemble, you just put a
toothpick or a stiff wire through the
hole to hold the brush springs com­
pressed. Done just right , you should
be able to remove the toothpick from
the outside after your reassembly.

The rotor winding of an alternator is
a fairly high resistance, usually
around 5 ohms or so. It w ill safely
current limit it self. But your stator
windings are an extremely low imped­
ance , typi cally under a quarter ohm .
Thus , you must externally limit your
rotor currents to keep things from
burning up. Plain old power resistors
are a good way to handle this for your
early experiments .

There are some tric ks you cou ld
pull to improve the number of steps
per revolut ion. One would be to allow
two windings to be active at once .

(J) That could double your resoluti on.
~ A fancier technique would be to '
a? allow several different values of the
o current for each winding , leading to
~ various new microstepping oppor­
6 tuni ties. Microstepping is a proven
is concept with real stepper motors.
~ Another po ssibility is to use a
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PROGRAMMABLE LOGIC RESOURCES

Actel
955 East Arques Avenue
Sunnyvale, CA 94086
(800) 227-1817, ext. 60
CIRCLE 317 ON FREE INFORMATION CARD

Al tera
261 0 Orchard Parkway
San Jose, CA 95134
(800) 800-EPLD

CIRCLE 318 ON FREE INFORMATION CARD

Advanced Micro Devices
PO Box 3453
Sunnyvale, CA 94088
(800) 222-9323

CIRCLE 319 ON FREE INFORMATION CARD

Catalyst
2231 Calle de Luna
Santa Clara, CA 95054
(408) 748-7700

CIRCLE 320 ON FREE INFORMATION CARD

Cypress Semiconductor
3901 North First Street
San Jose, CA 95134
(800) 952-6300 Dept. C4P

CIRCLE 321 ON FREE INFORMATION CARD

Fujitsu
3545 North First Street
San Jose, CA 95134
(800) 642-7616

CIRCLE 322 ON FREE INFORMATION CARD

Gould AMI Semiconductor
2300 Buckskin Road
Pocatello, 10 83201
(208) 234-6668

CIRCLE 323 ON FREE INFORMATION CARD

International CMOS Technology
2125 lundy Avenue
San Jose, CA 95134
(408) 434-0678

CIRCLE 324 ON FREE INFORMATION CARD

Intel
1000 Business Center Drive
Mt. Prospect, IL 60056
(800) 548-4725

CIRCLE 325 ON FREE INFORMATION CARD

Lattice Semconductor
5555 NE Moore Court
Hillsboro, OR 97124
(800) FAST-GAL

CIRCLE 326 ON FREE INFORMATION CARD

stator pole rather tha n th ree. Ampere
turns is the name of the game here.
You cou ld also try improving the roto r
flux paths and air gaps.

For furth er resources on power
stepping in gen era l. check out Airpax
and Slo-Syn for iron, the PCIM and
Motion t rade journals for info, and
SGS, Sprague, or else Motorola for
drivers. One distributor that stocks a

Mitsubishi
1050 East Arques Avenue
Sunnyvale, CA 94086
(408) 730-5900, ext. 21 06
CIRCLE 327 ON FREE INFORMATION CARD

National Semiconductor
2900 Semiconductor Drive
Santa Clara, CA 95051
(800) 272-9959, ext. 40
CIRCLE 328 ON FREE INFORMATION CARD

NEC Corporation
401 Ellis Street
Mountain View, CA 94039
(415) 965-6000, ext. 6357
CIRCLE 329 ON FREE INFORMATION CARD

GEC Plessey Semiconductor
13900 Alton Parkway, S 123
Irvine, CA 92718
(800) 927-2772

CIRCLE 330 ON FREE INFORMATION CARD

Raytheon
350 Ellis Street
Mountain View, CA 94039
(415) 962-7930

CIRCLE 331 ON FREE INFORMATION CARD

Texas Instruments
PO Box 117692
Carrollton, TX 75011
(800) 336-5236, ext. 3707

CIRCLE 332 ON FREE INFORMATION CARD

Toshiba
1220 Midas way
Sunnyvale, CA 94086
(800) 321-1718

CIRCLE 333 ON FREE INFORMATION CARD

Waferscale Integration
47280 Kato Road
Fremont, CA 94538
(415) 656-5400

CIRCLE 334 ON FREE INFORMATION CARD

Xicor
1511 Buckeye Drive
Milpitas, CA 95035
(408) 432-8888

CIRCLE 335 ON FREE INFORMATION CARD

Xilinx
2100 Logic Drive
San Jose, CA 95124
(408) 879-5199

CIRCLE 336 ON FREE INFORMATION CARD

wide selectio n of powe r-electronics
st uff is Galeo. And good old J.C.
Whitney has bunches of alternators
and parts available, including some
rewound 100-amp stators that go for
around $18. You wi ll find lots more on
power elec tron ics in our brand new
Hardware Hacker /II reprints . There 's
lot s of possibilities here. Let's see
what you can come up with .

Programmable logic
Besides all those good old hacker

EPROM's, we now have dozens of
variations on low-cos t you-progra m
integrated circuits . Some (such as
EPROM 's) are based on exhaustive
table lookups. While others (such as
fiLA's) do multilevel AND on diqital loq­
ic using combinatio ns of gates and
registers.

Some are one-shot prog rammed
by blowing fuses. Others are easily
re-prog rammable. And yet others use
a flash technology where the needed
con nections can get saved to a non­
volatile RAM memory during power­
down times.

The prices of some programmable
chips are now down in the $2 range .
Important advantages of these new
devices are that you can place the
exact circuit you want into one or two
packages; that they are easy to de­
bug and modify yourself; that some
can recalibrate or update themselves
later on in-circuit ; and that you are (at
least temporarily) the sole source of
you r " secret " inside programming
connections . All wi th instant delivery
and no stagg ering setup charges.

I've tried to gather together some
of the more popular programmable
logic suppliers into th is month 's re­
sou rce sidebar. You may want to get
data from many of these sources.

One side note that is both alarming
and sad: Many of these houses re­
fuse to divulge the key programming
info needed to use their chips. While I
consider this a monumentally stupid
way to cut off your nose to spite your
face, their argument is that they most
definitely do want you to use some
" approved" programmer that is more
likely to keep their products reliable in
the final circuit.

Here's a tr ick that may help you get
programming info should reasonable
and direct tr ies fail. The magic new
buzzword in chip programmers these
days is " DAC per pin." Just te ll those
applicat ion engineering peop le that
you are about to ship producti on
quant iti es of your new PC-based
DAC-per-pin programmer, and tha t
you would like to be able to include
pro-grammability for their chips.

Our helpline has been full of horror (f)

sto ries on programming info, but this m
~ploy seems to wo rk so far. At least till m

they catc h on . Please do continue to ~
send in your horrors stories . gj

M ore detai ls o n t he use of to

EPROM 's appears in my CMOS ~
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Now, in a complete multimedia package
consistingofa2DO-page trainingmanualand
a 1-hour 22-minute video training tape, you
can leam secrets of AdvancedVCRRepair.
(Also includes Color Bar Test Tape.)

IndudesmanyexamplesofVCRmake/model
specific troubleshootingtips ... Learnhow to
quickly isolate most "tough" VCR malfunc­
tions, whether electrical or mechanical.

Complete coverage of Theory of Operation
- Read manual, view 1-hour 22-minute
videoI

E.l1ffINFORMA TION PACKAG E!

Ca ll 1/800-537-0589
Viejo Publications, Inc.
5329 Fountain Ave., Dept. REA
Los Angeles, CA 90029

CIRCLE 179 ON FREE INFORMATION CARD

Shortwave Listening
Guidebook

by Harry Helms
The world is ta lking on shortwave radio ,
and here's the boo k tha t te lls you how to
listen in! In direct , nontechnical language,
Harry exp lains how to get the mos t from
your shortwave radio. Its 320 heavi ly
illustrated pag es are filled w ith practical
advice on :

antennas
when and where to tune
se lecting the right rad io for you
accessories
reception techniques

Learn how to hear
the SSG , Radio
Mo scow, ham radio
operators, sh ips at
sea, eve n Air Force
One ! Includes
hundred s of
frequ enci es for
stations aro und the
world and the t imes

:":::~!i!~~U you can hear them .

Only $ 16.95 plus Lr--r:
$3.00 shipping Higulext
(CA residents Publications. Inc.

please include 7128 Miram ar Roa d

sales tax). Suite 151., San Diego. CA 92121

Cookbook and TTL Cookbook , while
the list ings in our resource sidebar
and the usual trade journals wi ll also
have lots of application info.

Bakerizing secrets
Despite my screaming it from the

roofto ps for quite a fow yoarc now,
Bakerizing seems to remain a top­
secret procedure . Which amazes me
because anyone that sees what the
process does is abso lute ly stunned .

Bakerizing is a sneaky trick you can
apply to most any toner image, es­
pecially all your PostS cript laser­
printed output. Bakerizing instant ly
makes toner a high-gloss jet black,
whi le at the same time dramatically
increasing the durability and crease­
resistance .

While excellent for bus iness cards,
Baker izing wo rks nearly anywhere
that you want a blacker and denser
toner image . And the process is near­
ly free!

Al l you have to do to Bakerize is
take a sheet of special high-gloss,
slip-coated polyester film. You then
temporarily place the film in contact
with you r toner image and then apply
heat and pressure. This remelts your
toner in contact with an ultra-smooth
surface . Which then can produce a
calandering process similar to that
ferrotype drum on older darkroom
glossy print processors .

The simp lest way to Bakerize is to
put the magic sheet on top of your
hard copy and shove it back through
your pri nter wh ile imag ing a blank
page . The best way to Bakerize is to
use a Kroy Co lor or Canon fuser unit
or some sort of laminat ing machine.
But even a plain old iron can some­
times be used effectively.

W ith care , any single Bakerizing
sheet can be reused dozens of times .
Which can drop your per-page costs
to a few pennies per copy.

I have gone ahead and custom or­
dered a zillion sheets of Bakerizing
film and will be offering it as a stock
product here at Synergetics. I've also
now got some more traditional yet
toner-compatib le laminating materi­
als suitable for nice looking menus
and book covers . Figure 5 shows you
how these two films differ. Give me a
call if you want to play with either of
these really excit ing new materials.

New tech lit
From SGS, the new Shortform 91

catalog that is especially stro ng in

automot ive , tel eph one, VCR , and
c o ns u m e r audio chip s . From
Rochester Electronics, a 1991 Cata ­
log. They spec ialize in stocking many
types of out-of-date and discontinued
semiconductors.

A free design guide and catalog on
Solar Elcctric Power Sy stems from
Photocomm Inc . is now available .
And the latest free volume of the
Maxim Engineering Journal has all
sorts of goodies in it on efficient reg­
ulators, digita l filters, and other inno­
vative new chips.

Two informative trade journals for
this month do include Memory Card
Systems & Design on the new RAM
and EPROM memory cards used for
laptops and whatever; and Trade Win­
ners. The latt er jo urnal is sort of a
Hong Kong version of Computer
Shopper that can give you direc t ac­
cess to many Far East manufacturers
and distributors of electronic part s
and systems.

Let's see. I've just reprinted my
Incredible Secret Money Machine ,
along with a new introduct ion and up­
date section . And we are now Book­
on-demand publishing our Hardware
Hacke r III, Ask the Guru III, and also
my Midnight Engineering I reprints .

A reminder about my new BBS up
as GEnie PSRT Besides all of the
PostScript and desktop pub lishing
stuff, you'l l find all sorts of ongoing
Hardware Hacker and our Midnight
Engineering resources here . You can
get your voice connect info by dialing
CBOm 638-9636.

Finally, I do have a pair of new and
free mailers for you. One includes
dozens of insider hardware hacking
secret resources , wh ile the other is
on PostScript and Desktop Publish­
ing. Write or call for info . As usual,
most of the items mentioned here
appear in the Names and Numbers or
the Programmable Logic Resources
sidebars . R-E

I' ve heard you were looking for me. . . Super
conductor ,'
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3440 P $18 .95

3279 P $24. 95

36 17 P $2~ . 9!:l

Counts as 2

3332P $24 .9 5

881 62 1· 1P S2 7.9 !:l
Cou nt s as 2

3828 $29.95
Cou nt s as 2

Upgnre ltur
IBM Compatible

9309P 528 .95
Counts as 2

3331P $14. 95

28S9 P $22.95
Counts as 2

3679 P $22 .95

3578P $16.95

Learn nos
(;uarmlll't'd!

10 041 P $29. 95
Counts as 2

Hard Disk Management:
The Pocket Reference: by Kris Jamsa

M ake the most of yo ur hard disk ' s
capabi l i t ies with this pocket reference .
Find out ho w to back up files, orga niz e
you r disk fo r peak perfo rmance and more!

FREE when you join!

SELECT 3 BOOKS
for only $49 5

The Computer Book Club and the BYTE Book Club hav e
joined forces to bring you the largest selection of business
and personal computing titles available . .. at savings

up to 50% off publishers' price s!

T 'V T 'V T 'V T 'V T Membership Benefits T 'V T 'V T 'V T 'V T

• Big Savings In addition to this introductory offer, you keep saving substan­
tially with members' prices of up to 50% off the publishers' prices.

• Bonus Books Starting immediately, you will be eligible for our Bonus Book
Plan, with savings of up to 80% off publishers' prices.

• Club News Bulletins 15 times per year you will receive the Book Club News,
describing all the current selections-mains, alternates, extras-plus bonus of­
fers 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 book at all, simply
indicate your choice on the reply form provided. 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.

• Ironclad No-Risk Guarantee If not satisfied with your books, return them
within 10 days without obligation!

• Exceptional Quality All books are quality publishers' editions especially
selected by our Editorial Board.

All books are hardcover unless number is foUowed by a " P" for paperback. (Publishe rs' Prices Shown)
C)1991 THE COMPUTER BOOK CLUB, Blue Ridge Summit . PA 17294-0820

r.--------------------
I _ The CamfJuter Book Club'"
I .". ~ I. liijlijfi:u,j:ttitij3M."Q
I~ Blue Ridge Summit, PA 17294-0820

I Please accept my membership in The Computer Book Club with the BYTE Book Club and
I send the 3 volumes listed below, billing me $4.95 plus my free copy of Hard Disk Management
I (#BB14BO-4P). If not satisfied, I may return the books within ten days without obligation and
I have my membership cancelled. I agree to purchase at least 3 books at regular Club prices

I
during the next 2 years and may resign any time thereafter. A shipping/handling charge and
sales tax will be added to all orders.

I ---..,-------...,
I
I
I
I Name----------- - - - - - --------- --

I Address

I
I City - ----- - - --- --- - - - - - - ------

I State Zip Phone
I Valid for new members only. Fo~e ig n applicants will receive special ordering instructions. Canada must remit I
I in U.S. currency. This order subject to acceptance by The Computer Book Club. RPIC991_ _ ________________________ _ __ J

2951P $18.95

3525 P $21.95

POWER
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GUIDE

15064P $22 .95

150S7P $39 .9 5
Count s as 2

1S037P $19. 95
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!dBASEIII PLUS.

3720 $26.95

3534 $37 .95
Co unt s as 2

3382P $29.95
Counts as 2

34 17P $24 .95
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933 9 $29 .95
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AUDIO UPDATE
Future products?

LARRY KLEIN

um. My friend from Radio Shack told
me that they were working in the op­
posite direction . A year. or two, or
three, from now we may know who
was right.

DOES SONY'S MINI DISC SYSTEM WITH RECORDABLE DISCS represent the audio
format of the future?

In-store recording
Sometimes new developments are

hard to call. For example, loyal read­
ers may remember my November
1988 writeup of the Personics in­
store tape -it-yourself machine. It per­
mits consumers to record their own
top-4o-or whatever-compilations
at perhaps a buck a shot from its
thousands of digital ly stored mas­
ters . I was impressed by Personics'
very sophisticated technology, but I
asked whether it might not be a tech­
nically feasib le idea that, neverthe­
less, wou ldn't get off the ground
because it didn't dovetail with the per­
ceived social or economic needs of
the marketplace.

My question was recently an­
swered when Personics filed for
Chapter 11 bankruptcy protection. It
seems that although the record
stores were pleased to install the ma­
chines , the record companies
wouldn 't provide Personics with a
sufficient number of their more popu­
lar selections , desp ite the fact that
they earned royalties on every selec-

~ tion taped . They obviously felt that it
z would hurt prerecorded cassette and
a? CD sales. It seemed to me that Per­
t) sonics had made a good case that
~ their machine wou ld help cut back on
6 "il licit " home taping, but the record
is companies obvious ly didn't see it
ri that way.

Despite my thirty-plus years as Recordable CD's
an editor and writer for major A product/format that I ignored
hi-fi magazi nes , I've always when it was first introduced was Ra-

been an odd-man out among audio dio Shack's home-recordable com-
journa lists . When I saw a develop- pact-disc system . dubbed "Thor" for
ment that struck me as a genuine Tandy High-Intens ity Optical record -
advance in the audio-video arts, I was ing . A nnounced in June 1988 . the Mini discs
pleased to say so. But unlike many, if Thor recorder/p layer was to be Scheduled to appear sometime in
not most, of my colleagues, I never priced at under $500 and be on the late 1991, the Sony Mini Disc system
felt an obligation to be a knee-jerk market in less than two years . The uses 2.5-inch record/playback discs

__cheerleader.for each new.audio con-_ press went wild !-Laudatory articles - physically similar to 3.5-inch comput- -
cept, device, or format. Hopefully, appeared in major publications and at er discs. The MD system uses a
over the years my approach has least one audio columnist predicted combination of optical and magnet ic
helped readers find their way through that it "could well become the domi- digital technology; prerecorded discs
the fast-changing and sometimes nant recording method for the next are optically read with a laser, and
confusing world of audio electronics. several decades." Well. here we are home recording is done using a so-

three years later. and the product is phisticated thermal/magnetic sys-
nowhere to be seen . tem with the laser providinq the

A recent call to Radio Shack/Tandy thermal element. Guestimated intro-
revealed that Thor was still in the ductory price is in the $350 range.
works; it had reached the "product The Mini Discs have a storage ca-
development " stage . but Radio pacity Virtually identical to that of a
Shack thought it prudent not to re- conventional CD, thanks to Sony's
schedule a release date. In our con- newly developed digital compression
versation, I indicated that I saw the system call ATRAC (Adapt ive Trans-
recordable high-dens ity disc as suit- form Acous ti c Coding) . ATRAC
able for computers (a sort of cheap works by analyzing the audio signal
recordable CD-ROM). but I didn't and extracting and encoding only
see much future for it as a hi-f medi- those components that are audible to
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THE MONEY MAKING OPPORTUNITY
OF THE 1990'S

IF you are able to work with common small hand
tools,andarefamiliarwithbasicelectronics(i.e.able
to use voltmeter, understand DC electronics). . . .
IFyoupossessaverage mechanical ability, andhave a
VCRonwhichto practiceandlearn.. . .thenwe can
teach YOU VCR maintenanceand repair!
FACT: upto90%of ALL VCR malfunctionsaredueto
simple MECHANICAL or ELECTRO-MECHANICAL
breakdowns!
FACT: over 77million VCRs inusetoday nationwide!
Averagr VCR needs service or repair every 12 to18
months!
Viejo'S400 PAGE TRAINING MANUAL (over 500pho­
tosand illustrations) and AWARD-WINNING VIDEO
TRAINING TAPE revealstheSECRETS of VCR mainte­
nance and repair-"real world" information that is
NOT available elsewhere!
Also includes all the info you 'll need regarding the
BUSI NESS-SIDE of running asuccessful service 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

the ear. In other wo rds, frequenc ies HDTV
t hat w ould be ps ychoaco ust ic ally Billed as high fidelity for the eyes ,
masked by other frequencies are left high-definition televis ion is a favor ite
unencoded as are frequencies on the top ic among Sunday supplement
loudness scale judged to be below magazine writers. Soon, they would
the threshold of perception. Although have us believe , our 30- or 40 -inch
the dynamic range of the MD system home 1V screens will be showing pic-
Is given as 105 dB , I wonder if pIClY- lu res L1 lal, in respect to aspect rot io,
back through an external home audio clarity, and detail, will rival those seen
system will reveal any ATRAC inade- in movie houses. Well, don't hold
quacies. you r breath-or put off purchasing a

In any case, Sony's present plans 1V set wi th today' s old fashioned
are to conce ntrate on portable ap- technology. HD1V is not just around
plications which are far more forgiv- the corner.
ing of compression artifacts . There HDTV's major problems are not
are several other important tech- technological-they are economic
nological developments incorporated and sociological. To start , the broad -
into the MDformatthatare important casters must t rans mit separate
enough to deserve further discus- HD1V and standard signals simulta-
sion , but they are outside the scope neously in order to comply with the

f h· I FCC' ibili I If h You don't needa collegedegreeto qualifya t IS co umn. s cornpati ility ru e. t ey want but you doneedan FCC License. '
--ISfnis Sony's answer 0 theDCC-tb-originate'programs~they'need new- - No Need to-Quit Your Job or Go To School

format discussed last month? Well, cameras, recorders , control -room This proven course is easy, fast and low
Mr. Norio Ohga President of the boards and dedicated transmitter. cost ! ~mARANTEED PASS-You get your

, , FCC License or money refunded Send for
Sony Corporation, stated in his pre- Then there's the antenna problem . FREE facts now. MAIL COUPON TODAY!

pared remarks at the ~,in i Disc press In m~ny instances, an additional tow- rconlmdno PRoDucTions--1
conference, that the sales of pre- er will have to ~e put up for HD1V. I FCC LICENSE TRAINING, Dept. 90 I
recorded music cassettes are declin- And we shouldn t forget the problem I P.o. Box 2824, San Francisco, CA 94126 I

ing, especially in Japan. We have of the required extra channel space, : Please rush FREE details immediately! :
investigated the reasons for this de- which just isn 't available in all market : NAME :

cline, and our own research showed areas. Direct-broadcast satell ite will I ~~~RESS STATE ZIP I

that consumers are not totally satis - short circuit some of the above prob- L - - - - - - - - - - - - - - -~- -~ J
fied with music compact cassettes , lems , but only at the expense of the
primarily because of slow access local broadcasters who would protest
time and such problems as wow, flut - its adoption.
ter, and distortion ." Given all of the above , I sus pect

I suspect that the fall-off in pre- that the FCC will start seriously con-
recorded cassette sales has more to sidering authorizing the use of one of
do with the success of CD than newly the " enhanc ing" systems that pro-
bothersome flaws in the cassette for- vides a better and wide-screen pic-
mat. When the earlier choice was be- ture from the current NTSC system.
tween an LP or a prerecorded For the broadcasters , the equipment
cassette, the cassette won on the required to encode additional infor-
basis of convenience and rugged- mation into thei r present transmis-
ness. Now that the choice is between sian systems should be relat ively
CD's and cassettes, the CD has the inexpensive as such things go . For
edge in convenience and rugged- the con sumer, however, I suspect
ness-and you can always make your that the price of an enhanced 1V sys-
own cassette copy to take wi th you in tem will move it out of the casual
your t ravels. purchase category.

I also differ with M r. Ohga on the Wh ich brings me back to the same
importance of the fidel ity factor for old question-is there a large enoug h
the U .S. mas s music marke t. If audience for HD1V Cor enhanced 1V)
fidelity was that important to most to make it a commercially viable en-
rock mus ic consumers, prerecorded terprise? The fact that you can get a
cassettes would never have outsold much better picture from a videodisc
LP 's-as they did for several years than a video tape hasn 't had much
before CD 's arrive d. Is the market- positive impact on videodi sc sales.
place ready for another non-compati- Obviously Japanese and U.S. man-
ble portable/car format? I wish Sony ufacturers would like to sell all sorts
well, and I'm impressed by the tech- of newly developed enhanced-TV
no logy developed for the Min i Disc , goo dies to the American public. But
but I'm not opt imistic about its ulti- even if he had the money, is John Q.
mate success in the marketplace. really interested? R·E

CIRCLE178 ON FREE INFORMATION CARD
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COMPUTER CONNECTIONS

MS-DOS 5.0.

JEFF HOLTZMAN

MS-DOS She ll
Mn CIIIlU, i"&_ 'Ji§!M i4YW 'Mi.
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lected highlights of some of the
updated commands .

'The Del command accepts /p to
prompt you to confirm file deletion.
The Devicehigh command loads de­
vice drivers into UMB's. The Dircom­
mand will sort files in forward or
reverse order by name, extension,
date/time, and size; you can also dis­
play by attribute (hidden, system ,
read-only, archive); you can include
subdirectories; there are other op­
tions as well; and you can set up an
environment variable (DIRCMD) that
specifies your favorite format.

Doskey provides a command-line
editor/macro/history facility like CED
and DOSEDIT.

The Format command has a
"quick" option Uq) that empties the
file allocation table (FAT) and root di­
rectory of a floppy disk, but does not
erase the data area (or scan for bad
sectors).

The Graphics command, though
slow, at long last supports all stan­
dard video modes and numerous
printers, including LaserJets .

Di r e c t ory Tre e

Directory Tree
II

board-related TSR's, a mouse driver,
and LANtastic networking soft­
ware-and still have about 625K of
free conventional memory. That's a
nice feeling. But does it work?

It sure does . Microsoft wanted to
avoid the kind of controversy that sur­
rounded the release of DOS 4.0, so
the company went through extensive
qualification procedures (including
some 7000 beta testers). And it
shows. I've got a fairly complex set­
up, including a SCSI -based hard disk,
the 34010-based Hercules card, tape
backup unit, and networking interface
card . Installation was smooth and
documentation clear; it all worked the
first time, without a hitch.

FIG. 1-MS-DOS 5.0 combines users' most-requested features in a comprehensive pack­
age that frees 45K of conventional memory on 286 and 386 machines, has built-in
undelete and unformat utilities, and a file manager /task swapper. This is the DOS you've
been waiting for.

C:'LAHTASTI
S!BA S!BB ~ ClD ClE ClF ClG 8 H Cl I ClJ ClR ClL ClM
ClH ClO E£.!P E£.!Q E£.!B E£.!s E£.!T

Goodies
DOS 5.0 includes lots of neat little

goodies, including built-in help mes­
sages for most commands . that may
take the wind out of utility vendors'
sales. (Some of those utilities were in
fact licensed from those vendors,
who have already announced en­
hanced versionsJ Following are se-

Dos 5.0 is finally here-and
it's a winner. DOS now in­
cludes a frugal approach to

memory usage as well as the most
important must-have utilities . File util­
ities face off squarely against prod­
ucts including the Norton Utilities and
PC Tools; built-in memory manage­
ment facilities now compete favora­
bly with products from Quarterdeck
(QEMM) and Qualitas (386MAX).
The th ird-party products are generally
more powerful and more versatile
than those provided by DOS. But for
the majority of tasks performed by
the majority of users, it may just be
that DOS and its new util ities are
good enough .

New features
The most importan t featu re of

DOS 5.0 is the ability to load part of
itself into the High Memory Area
(HMA) , the first 64K of memory
above the 1MB mark. (Normally,
memory above 1MB is unavailable to
DOS programs, but due to a quirk in
the Intel addressing scheme, real­
mode DOS programs can get at the
first 64K of extended memory with­
out switching the microprocessor
into protected mode . Although use of
the HMA has been understood for
several years, Digital Research's DR­
DOS, released about a year ago, was
the first and, until recently, the only
operating -system product to use it.
The HMA is only available on 286 and
higher machines with extended mem­
oryJ By loading DOS in the HMA, you
can boot your machine with much
more memory than before. For exam­
ple, I now boot with about 625K of
free memory.

DOS 5.0 also includes a 386/486
memory manager that can map RAM

f5 into upper memory blocks (UMB) ,
z unused address space in the area be­
~ tween 640K and 1MB. You can then
b install device drivers and TSR's in that
~ area. For example, I load device driv­
6 ers for a disk cache and a RAM disk ,
o a special video driver for a Hercules
~ Graphics Station Card , several key-
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MIDI
PROJECTS

BP182-MIDI interfacing enables any so
equipped instruments, regardless of the
manufacturer, to be easi ly connected to­
gether and used as asystem witheasy com­
puter control of these music systems.
Combine acomputer and some MIDI instru­
ments and you can havewhat is virtually a
programmableorchestra. To getyour copy
send $6.95plus$1 .25forshippinginthe
U.S. to Electronic Technology Today
Inc., P.O. Box 240, Massapequa Park,
NY11762-0240 .

Loadhi lets you load TSR 's into the
UMB area on 386 and higher CPU's.
Mem displays information about the
amou nt of free memory and loaded
programs.

The Mirror command backs up im­
portant information about your hard
disk. Mirror also optiona lly instal ls a
TSR that keeps track of de leted files .
Undelete and Unformat use that in­
formationto help in case of disaster.

Mode now lets you specify 43- and
50 -line VGA video modes, and key­
board repeat and delay rates ; it also
supports COM3 and COM4 at rates
as high as 19,200 bps .

QBasic, which supersedes
GWBASIC, is based on Microsoft 's
QuickBASIC environment . Q Basic
includes a hypertext help system but
no printed documentation; programs
can be saved in ASCII format to disk
but cannot be compiled without the
full QB environment. DOS 5.0 also
includes a full -screen editor; the edi­
tor is the QBasic environment. (For
comparison, invoke EDlT.COM then
QBASIC /EDITOR.) And yes , Edlin is
still included.

Ren (rename) stil l has not been up­
graded; I guess I' ll contin ue to use my
800-byte 1985-vintage utility to re­
name subdirectories . Nor is there a
Move command, although you can
use the DOS Shel l to move files.

Tree displays a graphical view of
your directory st ructure, but is quite
slow. I've got a SOD-byte 1985-era PD
utility that works ten t imes faster.

LINEAR IC EQUIVALENTS
&PIN CONNECTIONS

LinearlC
Equivalents
and Pin
Connections

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

Undelete and Unformat may cause
trouble for the Norton Utilities. Sys
will make a disk bootable whether it is
empty or not.

In addition to ANSI.SYS and DRIV­
ER.SYS, DOS 5.0 now includes de­
vice drivers for setting up a RAM disk
(RAMDRIVE.SYS) and a disk cache
(SMARTDRVSYS); these drivers su­
persede the ones included with Win­
dows 3.0 .

A no t her dev ice driver
(386EMM.EXE) provides EMS mem­
ory emulation on a 386 or higher
CPU; it can also optionally map RAM
into the UMB area. To avoid conflicts
with various hardware adapters ,
386EMM .EXEincludes options for in­
clud ing and excluding parti cu lar ad­
dress ranges, and other options for
specifying the address of the EMS
page frame, and the number of task­
switching handles and register sets .

Insta llation is c lean and easy; if
you're upgrading from a previous ver­
sion of DOS, the process saves your
old DOS vers ion in a separate sub­
directory, and even forces you to
create a bootable backup floppy in
case something goes wrong.

DOS is DOS, not Windows or
OS/2

DOS 5.0 includes a file manager
called DOSSHELL that allows you to
perform standard file man ipulation
(copy, move, rename , run, view), that
can serve as a launching pad for your
applications , and th at can even

FCC LICENSE
PREPARATION

The FCC has revised and updated the
commercial license exam. The NEW
EXAM covers updated marine and
aviation rules and regulations,
transistor and digital circuitry.
THE GENERAL RADIOTELEPHONE
OPERATOR LICENSE - STUDY GUIDE
contains vital information. VIDEO
SEMINAR KITSARE NOW AVAILABLE.

WPT PUBLICATIONS
979 YoungStreet, Suite E
Woodburn, Oregon 97 071

Phone (503) 981-5159 Dept. 50

CIRCLE 184 ON FREE INFORMATION CARD

switch among severa l DOS pro­
grams. It does not however perform
multitasking in the manner of DE­
SQview or OmniView (to say nothing
of Windows or OS/2), So you can't
down load files from your favorite
BBS while simultaneously working in
your word processor; you'd have to
use Windows, OS/2, or a co mpeti ng
package for that.

Conclusions
M icrosoft has really done its home­

work on DOS 5.0. On one hand, it
has users' most requested feat ures:
It returns a big 45K chunk of RAM to
the user, obviates the need for more
than half a dozen utilities (DOS shell ,
keyboard enhancer, 386 memory
manager, disk cache, RAM disk, un­
delete and unformat uti lities), and al­
lows large disk partitions (2 Gm. You
can get more powerfu l versions of
these uti lities from other vendors.
But you may not need to--or want to .
DOS 5.0 has some glaring deficien­
cies, but most of the new additions
are worthwhile . In short, it works .
Bugs may turn up in the future , but
DOS 5 has already shown itself more
reliable, not to mention useful, than
its predecessor.

On the other hand, w ith the re- (J)

sources Microsoft has at its disposal, ~

surely it cou ld have included a DE- m
SQview type of mult itasker. Why not? ~
DOS 5.0 is careful not to infringe on gJ
the multitasking turf staked out for <0

Windows (and OS /2). ~
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including standard data formats and
API's (among IBM, Apple, Microsoft ,
and Commodore), a breakthrough in
opt ical storage, reasonably priced
full-motion video, compelling soft­
ware, and extreme ease of use.

On the equipment front , numerous
com pa nies Clre anno uncing ex p an ­
sion cards that provide digital audio
capabilities for the PC: Covox (Sound
Master) Brown-Waugh (Sound
Blaster) , Ad Lib Sound (Ad Lib), Me ­
diaVision (Pro Audio Spectrum), Tur­
tle Beach Systems (M ultiSound).
These cards typical ly include M IDI
compatibi lity, music synthesis, 44­
kHz audio digitizing/playback, multi­
source mixing , CD-ROM interface ,
microphone inputs, 12-bit A/D and
D/A, audio amp lifiers, etc . Prices
range from $200 to $1000 .

Microsoft's multimedia strategy is
about to blossom. In early summer,
the company will release multimedia
extensions to W indows . A multi­
media version of Windows wil l be reo
leased on CD-ROM, which wi ll
include all documentation in a hyper­
text help facility, and will also include
new accessory programs for access­
ing multimedia data. The company is
also scheduled to release a Multi­
media Development Kit (MDK) duro
ing the summer.

Friendly Windows develop­
ment tools are sprouting up all over
the place. Bor land released a form­
based package called ObjectVision
several months ago , and more re­
cent ly,Turbo Pascal for Windows . Mi·
crosoft returns to its roots w ith a
re lease of BASIC ca lled Visua l
BAS IC. These products promise to
revolut ionize Windows product de­
velopment efforts; watc h for lots of
powerful and fun new utilit ies and ap­
plication programs . R·E

"Children, yOllrjiaher JUI.\' been replaced hy a computer."

News bits
IBM/Microsoft sparring con­

tinues : IBM has been going to great
lengths recently to demonstrate its
independence from Microsoft. First ,
as reported last time, IBM has team­
ed up wit h Micrografx to build a better
graphics engine for OS/2. Since then
the company has shown Digita l Re­
search's DR-D OS running under
OS/2 2:0; both DR and IBM are com­
mitted to full compatibility.

In addition , IBM has teamed up
with Borland , whose C+ + program­
ming environment will be released for
OS/2 2.0 by the end of the year. IBM
is also developing its own 32-bit pro­
gramming kit for OS/2. The company
has publicly shown an early vers ion of
the OS/2 Presentation Manager
(PM) that looks more like the Macin­
tosh Finder than Windows; there are
rumors circulating around that IBM is
even looking into the possibil ity of
licensing the Macintosh OS . Micro­
soft, on the other hand, is busy at
work developing a set of tools for
porti ng OS/2 code to the Windows
environment.

W indows vs . OS/2 is becom ing a
religious issue in the trade press . Re­
cent articles contain phrases like
" pounded another stake through the
heart of Presentation Manager, "
"Why OS/2 is dead ," and so on .
Sure, IBM doesn't want to become
dependent on Microsoft. But both
companies are developing products
called OS/2, advanced versions of
Windows and OS/2 have remarkably
similar specifications, each company
is licensed to the other's product, and
both companies realize the devastat·
ing effects of proprietary systems.
We may end up with two different
products-but there will be a high de­
gree of comp atibility between them .

Multimedia mania. A high ­
ranking IBM off icial banged the drum
for multimedia at Comdex once
again, ratt ling off several challenges
the industry must meet before main­
stream multimedia becomes a reality,

The question now is: What next?
There is talk that the next version of
DOS will include built-in networking,
an installable f ile system . multiple
concurrent DOS sessions , clean ac­
cess to extended memory... that sort
of thing.

Co ngratulations , Microsoft. Whe n
will we get a version of OS/2 that
works as wel l?
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( Dealers Welcome)

WARNING:
seo
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 stab i­
lize and restore
crystal clear
picture qual ity
for private
home use only.

1 Unit 5+
Jerrold SB wrrri·Bi.. $99 $70
SuperTri-Bi (TBM ) $109 $75
Jerrold 450combo $189 $139
Scientific Atlanta $109 $75
SA 8536. $250 $195
Pioneer $109 $79
Oak KN 12(wN$) $I09 $65
Hamlin MLD 1200 $89 $59
Tocom $169 $129
Stargateconverter $89 $69
PanasonicTZPCI45 $99 $79

30 Days Money Back Guarantee
Free 16 page Catalog

Visa, M/C, COD or send money order to:

US Cable TV Inc. Dept. KRE9

4100 N.Powerline Rd. , Bldg F-4
Pompano Beach, FL 33073

While watch ing rental
movies, you will notice an­
noying periodic c ol o r
darkenlnll, color shllt, un·
wanted lines , flashing or
jagg e d edges. This is
caused by the copy protec­
tion jamming sillnals ern ­
bedded in the VIdeo tape,
such as Macrovision cop y
protection . Dig ital Video
Stabilizer. RXII completely
eliminates all copy protec­
tions and jamming signals
and brings you CIYStal clear
pictures,

FEATURES:
• Easy to use and a snap

to Install
• State-of·the·art in­

teg rated circuit technol·

•~ automatic · no
need for any
troub lesome adjust·
ments

• Compatible to all types
of VCRs and TV.

• The best and most exclt­
ing Video Stabilizer in
the market

• Ught weight (8 ounces)
and Compact (1x3.5x5")

: ~:~:~\~~~~~~ ~IC~~X
batlery wh ich will last 1­
2 years .

ToOrder:559.95ea + $4 for FAST UPS SHIPPING

1-800-445-9285 or 516-568-9850
Visa, we,COD M-F: 9-6 (battery not included )

sea ELECTRONICS INC.
Dept CRE9 581 W. Merrick Rd. valley Stream NY 11580

Unconditional 30 days Money Back Guarantee

DIGITAL VIDEO STABILIZER
ELIM INATES ALL VIDEO COpy
PROTECTIONS

. - """ - --­--- ----------

~
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C) 1-800-772-6244z
~ For Our Record
I- I, the undersigned, do bereby declare under penalty of per­
C) jury that all product> purchased,now and in the futu re, will
W onlybeused on Cable 1V systems witbrKr0f:r authori zat ionm from local officials or cable compa~ 0 icia s in accord ance
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NRI gives you twounbeatable
opportunities for top pay, security,

even abusiness of your own.

Name Age _

Street _

o Data Communications
o Industrial Electronics
o Computer Programming
o Electronic Design Technology
o Cellular Telephone
o Digital Electronic Servicing
o Basic Electronics

. . .

the steady demand for your skills in this
field, the U.S. Department of Labor scores
a so lid hit...high ea rnings and good job
prospects attract many individuals ...
because peo ple in bus iness depend on
their a ir conditioning, heat ing, and refrig­
era tion sys tems, the need for skilled tech­
nicians to do mainten ance work has to be
met regardless ofswings in the economy.
Add millions of window units in older
homes requiring maintenance and repair;
heat pumps so pop ular they're now as
common as furnaces ; commercial
refrigeration alone ca lling for skilled tech­
nicians to install and se rvice walk-in cool­
ers, freezers , ice makers, and food cases.
Wherever you look, there's tremendous
opportunities for the train ed air
conditioning, refrigeration, and heating
technician .

NRI training so complete,
professional tools even included.
NRI trains you for this lucrative field, gets
you ready to land a goo d paying job , pick
up extra income in your spare time, even
star t a business ofyour own. You're ready
to jump right in because NRI includes the
tools you need : system analyzer , leak
detector , tubb ing and joint tools, a top­
quality vacuum pump for purging systems,
plus demonstration pane l units for hands­
on systems training. Graduates of our
Master Course also get optional free
res idential training at the world-famo us
York Institute in York, PA.

Go after high ea rn ings , pay increases,
a business of your own.
Send for NRI's free ca talog. Find out what
hand s-on pro jects you do, the profes­
siona l tools you tra in with , and the future
that can be yours . Act today.

.... ...•

NRlsCHOOLS For Careercourses
McGraw-Hili Continuing Education Center approved under GI Dill
4401 ConnecticutAvenue. NW. Washington, DC 20008 D check lordet"ls
./,~

t:,J.1" IE' CHECK ONE FREE CATALOG ONLY
I.nI.0 Electrician 0 Automotive Servicing

o Air Condilioning Healing 0 Bookkeeping & Accounting
& Refrigeralion 0 Photography

o Microcomputer Servicing 0 TV/AudioNideo Servicing
o Small Engine Repair 0 Telecommunications
o Appliance Servicing 0 Desktop Publishing
o Locksmithing 0 Building Construction

~

~~~
Be an Air Conditioning,
Refrigeration, Heating

Technician.
When it comes to targetin g the good
paying jobs, regu lar pay increases, and
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Everybody wants to get ahead , but most
people want assurance they're making the
right job choice. According to the U.S.
Department of Labor, jobs for electricians
and air conditioning,heating and refrigera­
tion techni cians offer high earnings and
good job prospects . Now NRI can show you
how to go after the high earn ings, the steady
pay increases, even how to be your own
boss in a business of your own. You'll get
all the skills to get there. No night school,
no need to quit your job until you're ready
to make your move. NRI trains you right at
hom e in your spare time.
No Experience Needed.
NRI starts you with the basics , then builds
your knowledge and skilla step at a time,
all the while adding practical know-how
through hands-on training. You even get
tools you need on the job or in a business
ofyour own.Over a million and a halfstu­
dents have trained the NRI way since 1914.

Be an Electrician.
Each year, the demand for skilled
construc tion, maintenance, commercial
and utility electricians continues to grow.
The U.S. Department of Labor estimates
that close to 100,000new jobs willope n up
in the next ten years - a conservative
estimate compared to industry and union
predictions.
And few jobs can match the money-making
potential of the qualified electrician. You
can earn a salary in excess of $25,000 or
be your own boss with your own electrical
contracting business.
Only NRI gives you this kind of practi­
cal , job-oriented, hands-on training.
You master practical skillslike this with the
equipment, test instru ments, and training
mater ials included in your course . .. you
duplicate on-the-job wiring with your NRI
Residential Wiring Practical Lab®... you
learn professional troubleshooting using
your Volt-Ohmmeter and Clamp-On
Ammeter to test the circuits you build up
on your NRI Circuit Demonstrator .. . an d
by installing and testing an electro nic­
programmable thermostat and a micro­
processor-controlled remote power
control, you come to understand today's
electronics as it applies to the latest
devices electricians install and repair.
Training in the latest need-to-know
electronics required of today's
electrician.
NRI created this new course so you can
move from the simplest fundamentals of
elec tricity, through profess ional wiring and
troubl e-shooting techniques,all the way up
to mastering the practical field skills you
need to become today's electronic-smart
electrician . Be an electrician . It could be
the best and last job cho ice you'll ever have
to make.
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ELECTROMAGNETIC THEORY

continuedJrom page 59

that are bound directly to the
a tom and cannot flow: If N is of
magnitude 1and is normal to the
surface then

(Tb =P·N (C/m2).

Imagine a Gaussian surface in­
side the d ielectric. With a
nonuniform charge distribution
some of the bound charges will be
di spl aced across the surface by P,
leaving a n et charge within the
su rface . In the same manner that
we fou n d VI ·E = PEa, where p is the
volume charge density of all the
charg es contributing to E . we
can s ee that the volume charge
density in the dielectric is

\7.p= -Pb (C/m3 ).

- --The negative sign means that the
dipole momen t per unit volume.
P, po in t s from negative to
pos itive in the d ipoles .

It is customary and convenient
to con s ider a field associated wi th
just the free charge density Pr
since Pb is due to the response of
the m aterial. That field must be
due to th e total charge density
less the bound charge density.
therefore

Pt= P - Pb = \7'EoE + \7.p = \7' [EoE + P],
The term in brackets is called the
displacemen t field vector

D = EoE + P (C/m2 ).

In s imple dielectrics, P and E
are parallel. and the following re­
lat ion holds true

D = 100(1 + x)E = EE.
EOcan now be in terp reted as the
ability of empty space to support
an elec tric field. and is called the
permittivity of free space. Eis the
permittivity of the material. A
commonly used quantity is the
diel ect ri c constant

K = 1+ x = 10/100'
K is greater than 1 for any materi­
al, and goes to infinity for a con­
du c t or b e c a u s e E = 0 in a
conductor. K can be thought of as
a measure of the modification of
free space by the presence of a
mater ial.

From our previous analysis, we
have obtained one of Maxwell
equat ions, Gauss' law which
reads

\7·D = Pt.
Gauss' law says that the apparent
sp reading out of the displace­
ment field vector D through a
Gaussian surface is due to the
dens ity of free charges inside.
Gauss' law doesn't say, however.
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that D is not producing a swirl.
The static E contribution can't
produce swtrltng, but the P con­
tribution can.
Capacitance

We know that two conductors.
separated by a dielectric with di ­
electric constant k, form a capac­
itor. If one conductor has charge
+ q and the other - q . the mea­
sure of the amount of charge that
must be placed on a conductor to
change its potential by one volt is
called the capacitance. which is
in units of coulombs per volt

C = qlV (farads).
If the free charge q increases.

the displacement field vector D,
which equals the Eok field also
increases. That causes a propor­
tionate increase in voltage as E
rises. Given a particular charge

- q , the only way to change the ca­
pacitance is to change the volt­
age . That can be done by
changing the charge separation
distances or by changing the
properties of space to give d if­
ferent E 's. Simply filling the sep a­
ration space with a material of
greater dielectric constant re­
duces the E field in that space ,
which reduces the voltage and in­
creases the capacitance.

We can use GaussIaw, without
involved calculations, to deter­
mine the change in the electric
field when any capacitor is filled
with a dielectric. In empty space,
P = 0 and all the charges are free
charges. therefore

\7.D/EO = \7.E = PI/EO'
and

\7·D/EO=\7xE = O.
If the space is filled with a simple
dielectric, D = EokE, therefore

\7.D/EO = \7.kE = PI/EO '
P is aligned with E so there is no
apparent rotation and

\7x D/EO = \7x kE = O.
The divergence and curl of E

completely characterize the field.
By comparison. the E for a
charged capacitor with empty
space as a dielectric is the same
as kE for the same charged ca ­
pacitor with a dielectric constant
k. In 'a capacitor filled with a di­
electric, E is reduced by 11k. The
capacitance C = q/V is increased
by k since the voltage potential V
is reduced by 11k.

In our next edition, we'll look at
the effects of electric charges in
motion. We'll see that another
type of field. the B field, is re­
quired to describe the magnetic
forces associated with them. R-E

EQUIPMENT REPO RT

continuedJrom page 18

frequency steps .
A number of scanning fun ctions

are available: full memory scan, mem­
ory block scan, and seek scan , (with
two delay modes). The R8 can also
be set to scan from the frequency of
VFO A to VFO B. The two VFO's are
available so th at you can instantly
switch and tune between two dif­
ferent frequencies . The second VFO
can be thought of as a sort of tempo­
rary memory location. One of the nic­
est features is that you can instantly
transfer the frequency of the active
VFO into the inactive one . 80 if
you' re tuning and come across an
inte resting signal-but not the one
you 're looking for-you can put it in­
stantly in the inactive VFO as you
continue your search . Returning to
the interesting frequency is only two
keystrokes away.

A partial list of its built-in features
include an R8-232-compatible inter­
face that allows your computer to
take complete control over all func­
tions of the receiver. Two antenna
connectors are provided. One is a
coaxial 80-239 connector for 50­
ohm antenn as , the second is a
spring-clip connector that can be
used for 50- or 500-ohm antennas .
The appropriate antenna can be se­
lected from the front panel. An exter­
nal-speaker jack and a headphone
jack are provided , as are line-level au­
dio connectors (for recorders or
CW/RTTY demodulators). A MUTE

connector lets the R8 be used in con­
junction with a transmitter.

We were impressed by the quality
of the Drake R8. It is easy to use
thanks in part to the clean layout of
the controls, and to Drake's decision
not to clutter up the front panel with a
lot of unnecessary controls (w hich
some manufacturers seem to think
looks " hi tech") We were even more
impressed by the control the R8 gave
us to hear the weaker signals we
would have simply ignored on other
wo rld-band radios .

If yo u're not famili ar with world ­
band radio, don' t even think of the
R8. You simply won 't appreciate what
it can do for you. But if you're a short­
wave enthusiast who is looking for
so mething spec ial and have about
$1000 to invest , then we 've found the
rece iver of your dreams. R-E
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To run your own classified ad, put one word on each of the lines below and send th is form along with your check to:

CLASSIFIED AD ORDER FORM

Specia l Category : $25,00

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS.
(No refunds or credits for typesetting errors can be made unless you clearly print or-type your
copy.) Rates indicated are for standard style classified ads only. See below for additional
charg es for special ads . Minimum: 15 words.

WIRELESS CABLE - IFTS - MMDS - Amaleur TV
Ultra High G. in 50db(+) • Tune. ble 1.9 ID2.7Ghz.

• 36-ChannelSystemComplete S149.95
• 12-ChannelSystem Complete S114.95
• Call or write (SASE)for "FREE" Catalog

PHILlIPS·TECH ELECTRONICS
P.O. BOI 8533 • Scottsdale, AI B5252
(602) 947'7700 ($3.00 Crl1lll .11 phDne orde.,)
MasterCard. Visl • COD's. QuantityPrlci~

ENGINEERING software, PC/MSDOS. Ci rcuit
design and drawing , PCB layout, Logic sim­
ulation, FFT analysis, Mathematics, Circuit
analysis. Call or write for free catalog . 1
(800) 728-3805, 8S0FT SOFTWARE, INC. ,
444 Colton Rd ., Columbus , OH 43207.

COMPUTERS AT/XT com pat ible sys te ms and
components at discount prices. Catalog $2.00, re­
fund with first order. MPS ENTERPRISES, Box
1048, Lemon Grove, CA 9194G.

HAVING trouble with IC's? We specialize in locating
"hard to find" items! Low prices on eproms, micros,
pals , Custom programmers bui lt to your specs.
CHAI-I-IN I:L ECTRONICS, (614) !374-4456 9AM to
5PM EST.

Radio-Electronics Classified Ads, 500-B Bi-County Boulevard, Farmingdale , NY 11735

PLEASE INDICATE in which category of classified advertising you wish your ad to appear. For
special heading s, there is a surcharge of $25.00.
( ) Plans/Kits () Business Opportunities () For Sale
( ) Education/Instruction () Wanted () Satellite Television
( )----------------------

FOR SALE
TURF!'>: "oldest." "latest." Parts and schematics.
SASE for lists. STEINMETZ, 7519 Maplewood Ave.,
RE, Hammond, IN 46324.

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE
NUMBER FOR OUR FILES. ADS SUBMITTED WITHOUT THIS INFORMATIONWILL NOT BE ACCEPTED.
CLASSIFIED COMMERCIAL RATE: (for firms or individuals offering commercial products or services)
$3.10 per word prepaid (no charge for zip code)...MINIMUM 15 WORDS. 5% discount for same ad in 6
issues; 10% discount for same ad in 12 issues within one year; if prepaid. NON-COMMERCIAL RATE: (for
individuals who want to buy or sell a personal item) $2.50 per word, prepaid....no minimum. ONLY FIRST
WORD AND NAME set in bold caps at no extra charge . Additional bold face (not available as all caps) 55¢
per word additional. Entire ad in boldface,$3.70 per word.TINT SCREEN BEHIND ENTIRE AD: $3.85 per
word. TINT SCREEN BEHIND ENTIRE AD PLUS ALL BOLD FACE AD: $4.50 per word. EXPANDED
TYPE AD: $4.70 per wo rd pre paid. Entire ad in boldface,$5.60 per word. TINT SCREEN BEHIND ENTIRE
EXPANDED TYPE AD: $5.90 per word. TINT SCREEN BEHIND ENTIRE EXPANDED TYPE AD PLUS
ALL BOLD FACE AD: $6.80 per word. DISPLAY ADS: 1" x 2V4"-$410.00; 2" x 2V4"-$820.00; 3" x
21/4"-$1230.00. General Information: Frequency rates and prepayment discounts are available. ALL
COPY SUBJECTTO PUBLISHERS APPROVAL. ADVERTISEMENTS USING P.O.BOXADDRESS WILL
NOT BE ACCEPTED UNTIL ADVERTISER SUPPLIES PUBLISHER WITH PERMANENT ADDRESS
AND PHONE NUMBER. Copy to be in our hands on the 5th of the third month preceding the date of the
issue . (i.e., Aug. issue copy must be received by May 5th). When normal closing date falls on Saturday,
Sunday or Holiday, issue closes on preceding working day. Send for the classified brochure. Circle Number
49 on the Free Information Card.

2 3 4 5

6 7 8 9 10

11 12 13 14 15 ($46.50)

16 ($49.60) 17 ($52.70) 18 ($55.80) 19 ($58.90) 20 ($62.00)

21 ($65.10) 22 ($68.20) 23 ($71.30) 24 ($74.40) 25 ($77.50)

26 ($80.60) 27 ($83.70) 28 ($86.80) 29 ($89.90) 30 ($93.00)

31 ($96.10) 32 ($99.20) 33 ($102.30) 34 ($105.40) 35 ($108.50)

We accept MasterCard and Visa for payment of orders . If you wish to use your credit card to pay for your ad fill
in the following additional information (Sorry, no telephone orders can be accepted .):
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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, MIC accept­
ed. B & B INC., 4030 Beau-D-Rue Drive, Eagan,
MN 55122.

CALL DOCTOR
DESCRAMBLER

...for symptoms
relating to scrambled
cable T.V. signals. We
have • JERROLD
• TOCOM • ZENITH
• HAMLIN ' OAK
• SCIENTIFIC
ATLANTA.
Six month

warranty! We
ship C.O,D.
Lowest retail/
wholesale prices. FREE
CATALOG: VISA, M.C.,
AM.EX.
Global Cable Network
1032 Irving St. Suite
109 S.F. , CA 94122
NO CALIFORNIA
SALES!! !
OPEN SATURDAYS

RESTRICTED technical information: Electronic sur­
veillance , schematics, locksmithing, covert sci­
ences , hacking , etc . Huge selection. Free
brochures. MENTOR-Z, Drawer 1549, Asbury
Park, NJ 07712.

Expiration DateCard Number

Please Print Name
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CHOOSE FROM THEFOLLOWING PACKAGES:

PKG. #1 •••
10PANASONIC $65E

•
A

.
14536 CONVERTERS

WANTED; old , Western Electric, Mcintosh, Altec,
Marantz, Jensen , JBL , EMT, Electrovoice, RCA,
Telefunken, Westre x, Fairc hild, Fisher, Dynaco ;
tubes, speakers , amplifiers, (713) 728-4343. MA·
URY CORB, 12325 Ashcroft, Houston, TX 77035.

TUBES, new, up to 90% off, SASE, KIRBY, 298
West Carmel Drive, Carmel, IN 46032 .

WIRELESS CABLE RECEIVERS 1.9TO 2.7 GHz
30CH PARABOLICDISHSYSTEM S173.90
30CH ROD ANTENNASYSTEM S193.90
30CHCRYSTALCONTROLLED SYSTEM S294.95

SUNMICROWAVE INT'l. INC. SEND$1.00FOR
P.O. BOX134522 CATALOG ON THESE
PHOENIX. AI. 85067 AND OTHERFINE
(602)230·1245 VIDEOPRODUCTS
QUANTITYDISCOUNTS
ORDERS ONLY 1-800-4&4....190CODE 9793

TEKT PlONIX pre-owned oscilloscopes, 500-MHL
mod el-7904 $3,2 00 .00 . 100MHz mod el-7603
$1,200.00, with plug-ins, JOHN, 8500 Hilo Lane,
Cottage Grove, MN 55016. (612) 459-5862 .

FM stereo transmitt ers. 88-108 Mhz, assembled,
crystal controlled, interna l audio mixers. Broadcast
qua lity. $100.00 - $200.00. Cata log : OREGON
COMSYSTEMS, 1257 Sisk iyou, Suite 132, Ash­
land, OR 97520 .

10MIX AND MATCH
ADD-ONS

CABLE IEADY
~f

CABLE TV converters and descramblers.
We sell only the best. low prices. SB-3
$79.00. We ship C.O.D. Free catalog. ACE
PRODUCTS, PO Box 582, Dept. E, Saco, ME
04072. 1(800) 234-0726.

PHOTOCOPIER theory and repair manual. Secrets
revealed. $19.95 LOTUS PUBLISHING, Dept. S,
Box 1689, Guelph, Ont. N1H 6Z9.

BRAND new Tektronix 2247A 4-channe l os­
cilloscope. Never been out of box w/Quickpak . Will
sacrifice (402) 438-3318.H-P 331A distortion ana lyzer $245.00; Boonton

230A power amp lifier 10-500MHz $125.00; H-P
202H AM/FM signal generator 54-216MHz $350.00;
GR 1001A AM generator 5kHz-50 MHz $235.00;
TEK 575 curve tracer $375.00; H-P 7402A strip
chart recorder as is $225.00. Older tube type equip­
ment bargain prices . Cata log $5.00 . EDI, 180
Rodeo Dr ive , Brentwood, NY 11717. (5 16)
242-6400 .

RADIO software, PC/MSDOS 5.25" 360k disk. 23
programs including subprogra ms. INTERMOD ­
RFRANG E - SWRCALC - dBCALC - PA­
THLOSS - more! Great for technicians and stu­
dents . Comp lete packag e $19 .95. SPARTAN
RADIO , PO Box 15178, Dept. RE, Spartanburg, SC
29302 .

TB-3/SB-3 descramb ler schematics with service in­
formation. $30.00 each. Both for $50.00. SAS.E.
for samples. JEC TECH, Box 94B, Pickerington ,

- - OH-43147.

I.C.' S, capacitors, connectors , etc . DYNASTY
ELECTRON ICS, 200 South Semoran Blvd., Orlan­
do, FL 32807. Fax (407) 381-0785.

PKG. #2 •••
8SCIENTIFIC ATLANTA $175EA

:
8536+ COMBINATIONS .

ALL EQUIPMENT IS BRAND NEW, FACTORY FRESH !I!
CALL

(800) 234·1006
lJr_ ni:lomltK>1 .-d aca"*>g

PKG. #3.••
---5-~g~~~tJ~~~\\~&r1t-$2-1-5~

PERFECT CABLE CONNECTION !! Try the
CAB LE descramblers (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.

WE WILL MEET OR BEAT ANY ADVERTISED PRICE
IN THIS MAGAZINE.

PERFECT CABLE CONNECTION
702 -358-2763

2209 Odd ie Blvd ., Suite 321
Spark , NV 89431

Our best yet.Theverylatest in descramblingcircuits.bypasses, turn-onsfor
cable, wirelessandsatellite. Only $14.95.Other pay TVeditions.Vol.1(Basics
of All Systems) $14.95.1989Edition $14.95. Buildsatellitesystemsunder $600
$12.95.Wireless CableHandbook$9.95.Any 31$29 95or 51$44.95. Scrambling
NewsMonthly hasall infoon thenew"PlainVanilla"descramblerswhichem­
ulatea-uac.VCII. Plus andOrion. $19.95/yr.All new catalog$1.

SUPER low prices on computers, motherboards,
hard and floppy drives, add-on cards. We have ev­
erylhing . Full line of test equipment at unbeatable
prices . Ca ll for free catalog. APPLIED ELEC­
TRONIC RESEARCH, INC., 4701 SW 45th Street,
Ft. Lauderdale, FL 33314. (305) 987-9785.

Scrambling News, 1552HertelAve.,
Bullalo, NY, 14216. COO'S ARE OK. (716)874-2088

PHOTOFACT folders under # 1400 $5.00. Others
$7.00. Postpaid . LOEB, 414 Chestnut Lane, East
Meadow, NY 11554. (516) 481-4380.

PAY TVAND SATELLITE DESCRAMBLING
ALLNEW 1991EDITION

CABLE CONVERTERS all major brands Info +
orders 1 (800) 782-0552 FREEWAY INC. s.m .p.,
PO 5036, Burnsville, MN 55337.

ANTIQUE RADIO CLASSIFIED
Free Sample! Ii

Ant ique Radio's
Largest Circulation Monthiy.
Articles, Ads & Classifieds. '-!...!L.:::~jl

6-Month Trial : $15. l·Yr: $27 ($40-1st Class).
A.R.C ., P.O. Box 802-L9, Carlisle, MA 01741

T.V. notch filters, phone recording equipment, bro­
chure $1.00. MICRO THine. Box 63/6025 , Margate,
FL 33063. (305) 752-9202 .

(RE-BBS)
516-293-2283

Communicate with other
R-E readers.

RE-BBS
516-293-2283

bulletin board
system

Leave your comments on
R-E with the SYSOP.

Themoreyou use it the
more useful it becomes.

Wesupport300 and1200
baud operation.

Parameters: 8N1 (8 data
bits, no parity, 1 stopbit)
QT7E1 (7 databits, even
parity, 1 stop bit).

Add yourself to our user
files to increase your
access.

FTB·3
1 99

10 79
20 65
50 CAl l
100 CALL

• 6 months 100% parts & labor
• 24 months warranty available
• Full technical support
• On-line computer system
• 30 days money back guarantee
• Most orders shipped within 24 hours
• Visa, MIC, AMEX • 5%
• Dealers welcome
• C O.D

Regal RC 83 W A "New"
1 89 • 99 Ch capacity
10 69 • Wireless remote
20 65 • Automatic nne tUning
50 60 • Parental lock
100 55 ' Made In Japan

• S<.<>e< smaJl
• Favontememorychannels

Perfect Cable Connection is totally commit1ed
to customer satisfaction. Our primary concern
is to provide you with the highest quality
converters and descramblers at the lowest cost.
We employ full time technicians to insure hassle
free service and troubleshoot any situation. Call
us today and let us prove to you why we are
the Perfect Cable Connection.
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RAW cable equipment, as is, Z-tac $35.00, RTC-56
$45.00, M-35-B $18.00, Tocom $65.00, Texcan
4040 $25.00, 400 DIC $25.00, same day shipping.
(702) 647-3799.

ELECTRONIC supermarket great buys! Surplus
prices! Railroaders, builders, engineers, experi­
menters, LSASE, FERTIK 'S, 5400 Ella, Phila­
delphia, PA19120.

Duild tll ta kit b oodor &00 >M ien""",
remCWM lead voc8l, trom standard
stereo records, CD'e. tap" 01" FM
broadcasts . Easily connects to any
hom e component stereo. Perform
live with the backgroonds. You can
be fle lead singer of )'OU' 'ava ite
band. DetnHed Plans. $( .95

Weeder Technologies
14773 Lindsey Rd.

Mt. Orab, Ohio 45154 ~" From Records & CD's

rREMOVE
LEAD
VOCALS

PLANS AND KITS

CBTV converters: Jerrold JSX DIC $19.00, DRX
replacement (4040) $39.00, M35B $19.00, RKDM
$55.00, other brands in stock, minimum 10 lots. 1
(800) 395-2225.

DAZER personal protectors! Lasers! AM/FM/ln­
frared transmitte rs! Detectors! More! Kits/as­
sembled. Catalog $2.00. QUANTUM RESEARCH,
16645-113 Avenue, Edmonton, Alberta T5M 2X2.

SURVEILLANCE - Audio/video/infra-red/laser
equipment. Industrial or private. 500 item catalog
$7.00. SECURITY SYSTEMS, 3017G Hudson PI.,
New Orleans, LA70131.

TOCOMand Zenith " test" chips. FUlly aclivates
unit. S50.00. Cable descramblers from $40.00.
Orders 1 (800) 452-7090. Information (213)
867-0081•

••••PRESENTING••••

CABLE TV
DESCRAMBLERS
••••• STARRING •••••

.JERROLD, HAMUN, OAK
AND OTHERFAMOUSMANUFACTURERS

• FINEST WARRANTYPROGRAM AVAILABLE
• Iowrsr RFTAII I WHOL ESALE PR/CI;S IN US.
• ORDERS SHIPPED FROM STOCK W ITHIN24 HIlS.
• AU. MAJOR CREDIT CARDS ACCEPTED

FOR fREE CATALOG ONLY 1-800-345-8927
FOR ALL INfORMATION 1-818-709-9937

CABLE TV descramblers converters, wholesale to
all, we Ship C.O.D., examplesOak RTC-56 $125.00,
M-35-B $35 .00 , X-12 $29 .00, FTB-3 $69 .00,
Tocoms, Zenith, Jerrold, Hamlin, SA, etc. S.A.C., 1
(800) 622-3799.

TOCOM-Jerrold Impulse-Scientific Atlanta 8580
& 8590 converters with two yr. warranties, also test
modules for Star Comm 6 & 7s, all Tocoms, and
Scientific Atlanta. Full details. (219) 935-4128.

DESCRAMBLERS cable TV converters , lowest
prices, guaranteed, best quality,special Sacramen­
to units, CNC CONCEPTS, INC., Box 34503, Min­
neapolis, MN 55434. 1 (800) 535-1843.

TECHNICIANS, hobbyists. New affordable pro­
grammable powersupply. For brochurecontact:
AMERICAN DIGITAL SYSTEMS, INC., PO Box
22953, Denver, CO 80222. Tel/Fax 1 (SOO) 424­
ADSI.

fELECTECH f
CABLE T.V. DESCRAMBLERS

• All quality brand names •
• All fully guaranteed • All the time •
Knowledgeable Sales Service Department
FOR FREE CATALOG 800-253-0099

CIRCUIT Center - Complete circuit fabrication
from single piece single sided to production multi­
layer. Also - Laminate $5.50/sq. ft., etch $3.50/qt.
Thru hole plating available too. CIRCUIT CENTER,
Dept. 001, PO Box 128, Addison, IL 60101. (708)
543-0671.

EXOTIC miniature elec tronic devices, catalog
$5.00, refundable . F&P ENTERPRISES, Box
51272, Palo Alto, CA 94303-L.
AC motor speed control - UL listed, 15A,
120/220vac, dual independent inputs for stall speed
limit and thermistor probe included. Range 80°F
minimum speed, 140°F maximum speed. $29.95
plus $4.00 S&H. CONTROL OPTIONS, INC., 3298
S. Acoma, Englewood, CO 80110. (303) 761-5927.

SENCORE SC-61 waveform analyzer just factory
updated $1500.00. BLS, PO Box 280014, Tampa,
FL 33682.

PREVENT descrambler detect ion! Order Tech­
Block today! Simple in-line connection. Only $19.95
P.P.D. THE STAGE DOOR VIDEO, PO Box 518,
Belleview, FL32620. For C.O.D.'s1(800) 395-4557.

INTERFERENCE filters, all channels. Best quality,
cylinder type. Low prices. Visa, MC, COD accepted.
1 (800) 872-5912.
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C!.blematic _ II MI XE~ l' E EPC PIONEER"., JENSEN" VINET e ULTIMATE
I LOUD'PtA ••• s C"7:::n c tM ~

.uu-epec; ~~ 1" ~PYRAMI[J ., c:c...------~---~---- ..~ ~ ene~
MCM Electronics inemtrontce \ii~r ~USl!rrA ~]

We Can't Help Mentioning IIIIIi!IIIIII!f ."\:.
A Few Names r- . ~ SANVC

A lt ho ugh nam e-dropping is usually frowned upon ,
w e'll ri sk it so you 'll kn ow th e kind of co m pany w e ·ignet.
keep . . .and th at yo u can get almost any part yo u co u ld
eve r want fro m o ur hu ge M CM Catalog. Ch o ose from
mo re th an 17,000 it em s, most of th em in stock and
read y to sh ip with in 24 hours! "';o,Z------- ­
Talk to fri endly, knowledgeabl e ~-'-­

sales rep s, get technical help
w he n yo u need it and enjoy
convenient, TOLL-FREE o rde r­
in g. A ll GREAT reaso ns w hy you
shou ld be keeping company
with M CM too!

Call TOLL-FREE,
1-800-543-4330,
NOW to get your FREE
SUBSCRIPTION to the
MCM Electronics Cataloge MCM ELECTRONICS

mcm 6 50 CONGRESS PARK DR.
CENTERVILLE, OH 4 5 4 5 8-40 72

A PREMIER Com pany

CIRCLE 87 ON FREE INFORMATIONCARD
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Jerrold , Zenith, Hamlin , Sci. Atlanta, Pioneer I

& MORE! OUR PRICES ARE BELOW WHOLESALE!
CABLE-+- PILUS

14417 Chase St. #481-A Panorama City, CA 91402
1-800-822-9955 • Other Info. 1-818-785-4500

NO CALIF. SALES - DEALERS WANTED

VIDEOCIPHER II/scanner/cable/satellite modifica­
tions books. Cata log $3.00. TELECODE, PO Box
6426-RE , Yuma, AZ 85366-6426 .

DIGITAL recorder. Digitall y record any aud io
source with special effects . Microprocessor con­
trolled device. Deta iled plans, $9 .75: T. ZURAW,
Box 341, Dear born Hts , MI 48127.

BUILD subwoofers for hom e theater. $ave . Com­
plet e instru cti on s $6 .95 . WILLIAM CROWLEY,
2118 Wilson, Hollywood, FL 33020.

REMOVE VCR copy protection , PCB PAL inst ruc­
tions $16.50 w/P&H, LOGICAL CHOICE, Box 1256,
Lomit a, CA 90717.

PCB and schematic CAD. $195.00 IBM EGA CGA
Mult ilayer, rubberband, autov ia, NC drill , laser, dot
matr ix, plotter, library, Gerber, AUTOSCENE, 10565
Blu eb ir d St. , Min nea pol is , MN 55 433 . (6 12)
757-8584 free demo disk.

SURVEILLANCE transmitter kits tune from 65 to
305 MHz. Mains powe red duplex, telephone, room,
comb ination telephone/room . Catalog with Popul ar
Communicat ions, Popular Electronics and Ra­
dio-Electron ics book rev iews of "Elect ro n ic
Eavesdropping Equipment De sign," $2 .00.
SHEFFI ELD ELE CTRONICS, 7223 Stony Island
Ave., Chicago, IL 60649-2806.

BYORD£JUNG eMU lV EQUIPMENTFFDM M .D. lilJiC1lIONlCS nn: PlJllCIiASER.
AGlrnbS roCOMPLY WITIi AllSTATE ANDFEJ:liRAL lAWS IUiGARDINGPJUVATi
OWNERSHrPOF CABUi TVliQU'IPMIIT. IF YOU ARE UNSURli OF TI-milj LAWS
CHliCK wrm YOUR.LOCALOFFICIALS.

EXCELLERAroaz,
CABLE CONVERTERS

WHEN QUALITY COUNTS

875 so. 72ncI St.
Omaha, NE 68114

For Inform ation Call

New Dynat rackt'" fine tuning'provides unmatched picture quality
550 Mhz tuner provides 83 channel capaci ty
Sleep tim er for automatic shut off within 15-90 min utes
2/3 switchable HR C / IR C / St and ard Sw itchable
2 Year wa r ra nty , Last channel reca ll , Favorite channel select, Scan
Double vented high efficiency transfor mer fo r coo l pe rformance

- Stargate-200 1 $99 .00
~t)MOill Star gate.550XL $ 119.00 With Volume Control

~ ~~ Don't settle for anything less.

~ ~hf!&tKaNler ~TI [~~l ~ C.O.D.
~ ~
. <><¥(n>.,fO~O;

402-554-0417
To order or request a free catalog

- 1-800-624-1150

Your best buys and warranties for
cabl e converters and descramblers
start with a FREE catalog from MD

New Auto T ri-Bi guaranteed no flashing $165.00
SB-3................ $99.00 ZENITH SUPER
TRIMODE $109.00 SAAVI... $199.00
HAMLIN......... $99.00 TOCOM $319.00
SCIENTIFlC- EAGLE $119.00
ATLANTA...... $119.00 COPY GUARD $59.95
OAK M35B.... $99.00 STARGATE 2000 $88.00
ZENITH.......... $175.00

M.D. Electronics will match or beat any
ad vert ised wholesale or retail price.

CIRCLE 53 ON FREE INFORMATION CARD VCR rep air k its . Fre e ca ta log: SMS ELEC­
TRONICS, PO Box 0190, Lomp oc, CA 93436 -0190.

CALL displ ay num ber of person phoning. Informa­
tion on how it works, one chip circuit interfaces to
compute r, includ es format, sc he matic, parts list ,
supp lie rs, Basi c&C source, se nd $15 .00 U.S.
XANTHIC, 4541 2th St. SW, Med icine Hat, AB, Can­
ada T1A-4V1.

FREE cable and satellite descrambl er plans. Send
self add ressed stamped envelope. MJM INDUS­
TRY, Box 531, Bronx, NY 1.0461-0208.

HOBBY/broadcasting /HAM /CB/su rveill ance tran s­
mitters, amp lifiers, cable TV, scie nce , bug s, other
great projects! Cata log $1.00 . PANAXIS, Box 130­
F9, Parad ise , CA 959 67.

BUILD from simple mater ials, ove r 100 miles per
ga llon carbu reto r. Detail ed pla ns , five ve rs ions .
Goo d science project. $20.00 Visa welco me . (902)
467-3577 VALLEY MICROWAVE, Statio n C, Bear
River, N.S. , Ca nada BOS 180.

I'LL HAVE MINE
DESCRAMBLED

If yo u find a better de a l, We 'll beat
it! JERROLD • TOCOM • HAMLIN •

OAK • SCIENTIFIC ATLANTA ·
ZENITH • ask abou t our warranty
program C.O.D. Visa, MIC , AM .EX .

welcome. · FRE E CATALOG
• FREE CALL

· OPE N SATURDAYS

1 800 562-6884
VIDEO TECH

3702 S. Vir ginia St . Ste . 160-304
Reno, NV 89502

INVESTIGATORS, experimente rs - Quality new
plans . Micro and restr icted devices. Free catalog .
Self add resse d stamped envelope required. KEL­
LEY SECURITY, INC. Suite 90, 253 1 Sawte lle
Blvd., Los Angeles, CA 90064.

TELEPHONE caller identifiers. Displays incoming
ca lle r's teleph on e number, k it $49 .95 postpa id,
SURVEILLANCE cata log $5 .00, EDE, POB 337,
Buff alo, NY 14226.

DESCRAMBLER kits. Complete cable kit $44.95.
Co mplete satellite kit $49 .95 . Add $5 .00 shipping.
Free brochure. SUMMIT RE , Box 489 , Bronx, NY
10465 . No NY sales.

CABLE TV
DESCRAMBLER LIQUIDATION!

FREE CATALOGI
Hamlin Combos $44, Oak M35B $60 (min. 5), etc.

WEST COAST ELECTRONICS
For In format ion : 818-709-1758

Catalogs & Orders : 800-628-9656

DESCRAMBLlNG, new secret ma nual. Build your
own descrambl ers for cable and subscription TV.
Instru cti on s , sc he matics for SSAVI, ga ted sy nc,
sinewave , (HBO , Cinemax, Showt ime, UHF, adult)
$12.95, $2 .00 post age. CABLETRONICS, Box
30502R, Bethesda, MD 20824 .

SMD How to use surface mo unt tec hnology. Build
ultra miniature projects. Plans includ ed free, infra
red con tro l, and an interestin g light disp lay. Send
$15.00 to CHARLIE'S VIDEO, Dept. SRT, PO Box
7782, La Sierra, CA 92503.

HYPNOTIZE or Relax electronica lly! Alpha/medita­
tion goggles . Co mplete kit $53 .00 . Free informatio n.
MA RK WORLEY, Box 26 1113, San Diego, CA
92196.

TESLA coi l. Co mpletely so lid state . Sparks over 15
inches with 10 inch long co ill Plans $10.00 CORO ­
NA COIL , PO Bo x 4 7 4- D , Ri verton , Ut ah
8406 5-0474.

TELEPHONE bug FM plans. Co nvert Radio Shack
device easy, $8 .00. ALLAN LABORATORIES, PO
Box 14302, Research Triangle Park , NC 27709.

TELECOMMUNICATION projects. 600 pag e de­
taiied book . Modems, telephones, PCM's, switching
systems, data, DTMF, more. $17.95 COMSPEC,
200 Bay Street South, Box M3, Hamil ton , Ontario
L8P-4S4 Ca nada .

LIGHTING - Compl ete port able lighti ng system
perfect for stage lightin g, exhibits, specia l events.
Plans/applicati on not es $5.50 ACS, 6220 Sha l­
iowford Rd. # 152, Chatta nooga, TN 37421.

THE electronic defender an effective, non-l ethal de­
terrent to those who wish you harm , It wil l protect
you and your property. Detailed plans $6 .95. Parts &
PC boa rd also availab le. TYLER ELECTRONICS,
PO Box 493, Richm ond Hill , NY 11418.

KEYTRON amazing electronic keyhook, saves lost
key problem s, a lso redu ces heating/ac bill s, kit
$19.95 . Assembl ed $29 .95, plans $6 .00. Info pack­
age $2.00 credited to first order. MERLIN TECH­
NICAL COMPANY, Box 44213, Boise, ID 837 11.

BEST BY M A I L
Rates: Write Natio nal Box 5 Sarasota, FL 34230

OF INTERESTTO ALL
$48,900 INCOME and HAWAII !! Free Report: 480(RE)
Hawi, Hawaii, 96719.
CASH LOANS UNSECURED to $10,000, No Cred i
Check . 1·800·388·8878, Dealer Inguiries Welcome .
HAIR LOSS? INFORMATION about new treatments
Peter Proctor , MD 1·800-926·1752.
VCR REPAIR - TECHNICANS' SECRETS REVEALED
Do it you rse lf, literally save hundreds . Complete easy t,
fo llow manu a l. Inciudes 800 numbers of all majo
man u fa cturers fo r orde ring par t s direct
Sch emati cs/Diagram s . More. $9.95 to; ACME VCI
REPAIR,2104 Ren wick Lan e, Antioch , CA 94509.
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Your Ticket To

S(J(;(;I~SS

:::;---:.:- .:::._.::::::....._..

Ove r 28 ,000 techn ici ans have gained admi t­
t ance worldwide as cer t if ied p ro fessional s.
Let you r t icket st art op ening doors f or you.

ISCET offers Journeyman cer t if ication in
Con sum er Electron ics, In du str ial, Medi cal ,
Com mu nicati on s, Radar, Computer and
Vid eo. Fo r more in fo rm at ion, contact the
International Society of Certified Elec tro­
nics Technicians, 2108 West Berry Street.
Fo rt Worth, TX 76109; (817) 921 -9101.

Nam e _

Address _

City _

St ate Z ip _

Send materi al abou t ISCET and
--becoming cert if ied .

Send o ne " St ud y Gu id e for the
--Assoc iate Level C ET T est ." En-

L_~~.!:..$.22~~~age ).:.... __.J

~rjANNOUNCING:
AN END

TO

HIGH MONTHLY

CABLE FEES!

1304 E. Algonq u in Road Suile 501
Algo nq u in, Ill in oi s 60102

1-800-232-5017
[ VIS< I C.O.D. ORDERS~

ACCE PTED ~J

CABLE-TRONICS, INC.

, .~,,~~

All Jerrold, Oak, -j::;~m l i n , Zenith, Scientific At­
lanta, Magnavox and all specialized cable equip­
ment available for shipment within 24 hours. For
fast service MCN ISA or C.O.D. telephone or­
ders accepted. 60 Day Guarantee (Quantity Dis­
counts) . Send self-addressed Stamped enve­
lope.

FREE catalog - Compare our prices for new sys­
tems and upgrades. Latest receivers and dishes­
all lop brands. ALPHA SATELLITE DIST., PO Box
197A, Haw1horne, NJ 07507-0197. 1 (800) 535-AL­
PHA.

CABLE TV Secrets - the outlaw publication the
cable companies tried to ban. HBO, Movie Channel,
Showtime , descramblers, converters, etc . Sup­
pliers list included. $9.95. CABLE FACTS, Box 711­
R, Pataskala, OH 43062.

SATELLITE TV
FREE catalog - Lowest prices worldwide. SKYVI­
SION, 2009 Collegeway, Fergus Falls, MN 56537. 1
(800) 334-6455. (See full page ad in The Shopper
section)

VIDEOCYPHER II descrambl ing manual. Sche­
matics, video and audio. Explains DES, Eprom,
Clonemaster, 3Musketeer, Pay-per-view (HBO, Cin­
emax, Showtime, adult, etc.)$16.95, $2.00 postage.
Schematics for Videocypher Plus, $20.00. Sche­
matics for Videocypher 032, $15.00. Collection of
software to copy and alter Eprom codes, $25.00.
CABLETRONICS, Box 30502 R, Bethesda, MD
20824.
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PRICE
..S 22 85
.....27 50

32.80
...3580
.. 29.25

MATCHING
lA·800 MK2, TA·802. TA·820A. TA-1000A. TA·1500 ...
TA·503, TA-323A, l A-400, lA·300. TA·377A.._..
TA·477 ..
lA·120 MK2
TR·3558 .._..
TR·355A .
TA·3600 ..

POWER TRANSFORMERS

METAL CABINETSWITH ALUMINUMPANEl

DESCRIPTION
28Vx 2 6Ato 30Vx 2 6A
36Vx 2 3A
40Vx 2 6A
24Vx26A
26Vx23A
18Vx25A
53Vx28A

REGULATORS KIT ASSEMB.
0-15V5ARegulated DCPower Supply (no case& x'former] $15.65 S21.76
0-3QV 3AReoulated DCPower Supply (no case & x former) _15.65 21.76
0-5QV3AReg ulated DCPower Supply(no case & x·former)... .. .. 16.75 23.65

DESCRIPTION
3 Channel Color Light Controller * S S65.00
StereoLoudspeakerProtector 14.85 20.85
FMWireless Microphone ... .. 11.25
ACJDCQuartz DigitalClock... ... 19.00 26.20
Sound/Touch Control Switch... . .. 12.00
Infrared Remote Control Unit (w/Case) . .. 22.00 35.00
BarI DOl level Meter ..24.15 33.81
3lJz Digital Panel Meter 29.00 38.00
20 Steps Bar I Dot AudiO Level Display '" 38.45 46.14
Superior Electroruc Roulette "'... 19.46 27.24
80VCapacitor (Suooesled for TA-3600, TA-477.TA-1000A& TA-8021.. 23.00

H"xW' x D' MATCHING
3' 12' 7' TA-2800, TA-377A. lA·2200
4' 16' 8' TA-323A. l A-377A. TA·2200 _ ..
4' 19' 11'h TA-802. TA·1500,TAI20MK 2. TA·800 MK2. lA·1000A ..
5' 19' 11>1 TA-477. lA·800. MK2. TA·1500. TA·1000A. TA·3600 .......
2~4°19' 8" TA-377A" TA·2S00. TA-2200. TA-120MK2 .......

MODEL
001
002
003
004
005
006
007

TR-355A
TR-3558
TR-503

MODEL
TY-238
TY-25
TY-35
l Y-36
l Y·38
TY·41MK V
lY·42
TY·43
TY·45
l Y·47
10,000un

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

17.20
18.71
42.80
29.00
7800
42.80
7500
34.93
85 00

59.72
'80.58
95.81
58.24
96.00
68 80
63 57
38.50

110.00
3880

145_00
75_00
3400

225.00

KIT ASSEMB.

KIT ASSEMB.AMPLIFIERS

DIGITALMETERS AND COUNTER

DESCRIPTION
DtgitalVOice Memo . S30,00
Multi-PurposeMelody Generator e, . 12.84
Multi-PurposeMelody (Happy Birthday. WeddingMarch. etc.) aenerator e 13.65
35W Class "A" M.lln Power Mono Amp. "'''' .. 31.50
30W Multi-Purpose Single Channel Amp. '" . . .. 20.00
60W + 60WStereo PowerAmpllher (with Mlc. input)"' ''' 67.00
30WX2 StereoPre-main Amp. '" . 31.50
State of theArtFullyComplementary Symmetrical FET Pre-Amp, "'''' 59.95
40WSolid State Mono Amp . . . 28,00
120W Mostet Power Mono Amp, "' ''' .. .. 68,00
120W + 120W LowTim Pre-MaIOStereoPower Amp '" 63,92
SOW + SOWPureDCStereoMaIO Power Amp. ...'" .45 94
100W Dynamic Ctass 'A" MalO Power MonoAmp."' ''' 59.69
100W X2 Class°A" DCStereo Pre-MainAmp '" .. .. 73.70
DCFet SuperClass "AO DCPre-Amp 47.70
HectrcrncEcho & Reverberation Amp. * .
HQPre-Ampwl10 band graphicequalizer * ...
BI-FETICPre-Amp wl3 way tonecontrol "'... .. . .. , 48,90
Stereo Simulator (For Mono TVor AnyMono Source) .. 27.00
300W HQHI-Fi PowerMonoAmp"' '" .. .. 85.00
7 Band HI-FIGraphic Equalizer ... ... . . 26.80
4 ChannelPrctessmnat Color light Controller .
AudloNldeo Surround Sound Processor .........* . .. 65.00
DynamicNarse aeoucncne .. . 26.00
Umversal AudioNldeoKARAOKEMixer. Pre-Amp ..

3~ Multi-PunctmnalLedDP.M. (w/ABSplastic casel"' .... . S34.50
4'h HI-Precision D.P.M.......... . . . 38.00
4lh HI-PreCISionD.PM. (w/ABS plasticcase) '" .. 41.20
3Lt: Muill-Functional LCDD.M.P. (w/Hold Function)...... .. .._. 36.00
150MCDigital Frequency Counter......... . ..... 79.00
1GHz FrequencyCounter * .

MODEL
TA-28MK2
lA-50A/ 8
TA-50C
TA-120MK2
lA-300
SM-302
TA-323A
l A·377A
l A-400
TA-477
TA-800MK2
TA-802
TA·1000A
lA-1500
lA-2200
lA-2400A
lA-2500
lA-2800
lA-3000
l A-3600
SM-222
SM-328
SM-333
SM-666
SM-888

• Due to this special offer & low price. we can only exchange or repair any of these units (TA-3600, TA-477, TA-802
& TA-1000A) within 15 days of your rec eipt.

• The above prices are lo r the complete sets. For separate unit price. please see below.

CIRCLE 93 ON FREE INFORMATION CARD



HOME assembly work available! Guaranteed easy
money! Free detai ls ! HOMEWORK-R, Box 520 ,
Danville, NH 03819.

EASY work! Excellent pay! Assemble products at
home. Call for information (504) 641-8003 Ext. 5192.

MAKE $$$! Become an American electronics deal­
er! Profit oppor tunities since 1965. Cali SCOTT
PRUETT,1 (800) 872-1373.

Start home. spare time. Investment knowledge or
experience unnecessary. BIG DEMAND assern­
bling electronic devices. Sales handled by protes­
sionals . Unusual business opportunity.

FREE: Complete illustrated literature
BARTA RE·OO Bux 248

Walnut Creek. Calif. 94597

ELECTRONIC
ASSEMBLY BUSINESS

BIG
PROFIT

Converters-Descramblers
Remote Controls-Accessories

* Guaranteed Best Prices *
* 1 Year Warranty - C .O .D.'s *

* Immediate Shipping *
* FREE CATALOG *

Call or Write

NAS/TRANS-WORLD CABLE CO.
3958 North Lake Blvd . • Su ite 255

Lake Park, Florida 33403
1-800-442-9333
1-800-848-3997

CABLE TV
"BOXES"

WE HAVE THE MOST ADVANCED
TECHNOLOGY IN CABLE EQUIPMENT:

• JERROLD
• TOCOM

• BASE BAND
• PIONEER
• HAMLIN • ZENITH
• SCIENTIFIC ATLANTA • OAK

__f or out of .this world.p rices..call .__
W ORLDWIDE CABLE

1800·772·3233
FREE CATALOG AVAILABLE

74 91 G5 N. FEDERAL 'rfNY., SUITE 142
BOCA RAlDN, FL 33487

[= 11coolaEl toXJ R.DFDA SALE5

CIRCLE 191 ON FREE INFORMATION CARD

DO it yourself, systems, upgrades, ma jor
brands discounted, save 30% - 60%. Lowest
prices anywhere. L.J.H. INC., call Larry at (609)
596-0656.

WANTED
INVENTIONS/ new products/ideas wanted : call

.. TLCI for free intorrnation -t (800) 468-7200 24 hours/
day - USA/Canada.

INVENTORS: We submit ideas to industry. Find out
what we can do for you. 1 (800) 288-IDEA.

TUBES - 2000 TYPES
DISCOUNT PRICES!

Early, hard-to-fmd, andmodern tubes.
Also transformers. capacitors and
partsfor tube equipment. Send $2.00
for 28 page wholesale catalog.

ANTIQUE ELECTRONIC SUPPLY
6221S. MapleAve.• Tempe, AZ85283· 602 /820-5411

RECOVER pure gold from scrap circuit boards ,
electronic parts. Easy methods. Send $5.00, RECY­
CLING , Box 11 216PE, Reno, NV 89510-1216.

CABLE DESCRAMBLERS
Stop paying rental f ees I

ONE YEAR WARRAN TY • 30 DAY MONEY BACKGUARAN TEE
Ext ended wa rrant les > Free Tech Support Service

We Welcome Canada - Hawaii • Alaska

I
Mo nthly Deale, s pecter......, liD--

:===.1) -'
Panasonic • Zenith • Oak • Hamlin

Jerrold • St arcom 7 * Etc.
Dealers Wanted . Quantity Discounts

COD's · VISA • Mast ercard • Discover
All Ord ers and Free Cat alo g s

Cdh (~, (1'-C-.

(800) 234-5552
2:1.:17 Holl yw ood Blvd . , Ste.:10S , Holl yw ood . FL 33020

*FMX·1 LONG RANGE (3 MI) ULTRA SENSITIVE
FM VOICE XMTR with fine tune, range control
plus $34.50 LIGHTEN UR

•oAmerican Heart Association

ZENITH & TOCOM SPECIALS

High·fat, high-cholesterol foods can leave
you WIThaheavy heart.

SUPER Zenith (Z·TAC) converters (w/flash­
guard)... $179.00. Zenith " turn -on" modu le...
$49.00. Tocom 5503(A) converters...Call. Tocom
(5503-VIP/5503{A )/5507) "turn-on" chlps...$49.00.
tocom 5507 & Jerrold (security screw removal
tool)...$22.oo. CINEPLEX VIDEO GROUP. 1 (800)
72&-4627.

INVENTORS
INVENTORS! Can you patent and profit from your
idea? Call AMERICAN INVENTORS CORP.for free
information. Serving inventors since 1975. 1 (800)
338-5656.

LET the government finance your small business.
Grants/loans to $500,000. Free recorded message:
(707) 449-8600. (KS1).

MAKE $75,000 to $250,000 yearly or more fixing
IBM color monitors (and most brands). No invest­
ment. Start doing it from your home. (A telephone
required.) Information, USA, Canada $1.00 cash.
US funds. other countries $8.00 RANDALL DIS­
PLAY, Box 2168-R, Van Nuys, CA 91404 USA.

RECESSION? Thriving fully equipped audiolv ideo
repair shop. $130K+ this year! Proven 40% + gross
last three years. $70,000.00 cash. AUDIOTECH,
256-B North Highway 101 , Encinitas,CA 92024 . Fax
(619) 944-0345, Phone (619) 944-9048.

MAKE $50/hr working evenings or weekends in
your own electronics business. Send for free facts.
MJME INDUSTRY, Bo x 53 1, Br on x , N Y
10461-0208.

YOUR own radio station! Licensed/unlicensed AM,
FM, TV, cable. Information $1.00. BROADCAST·
lNG, Box 130·F9, Paradise, CA 95967.

INVENTORS! Your first step is important. For free
adv ice , ca ll ADVANCED PATENT SERVICES,
Washington, DC, 1 (800) 458-0352.

BUSINESS OPPORTUNITIES

TRAVEL! High income! Radio officers wanted for
shipboa rd employment. Must have FCC seco nd
telegraph license. Rae Echols, AMERICAN RADIO
ASSOCIATION , 5700 Hammonds Ferry, Linthicum,
MD 21090.

rG-;:;;tm'7.~Yi;VCR ;pai';!'
I Home study. Learn high-pr ofit repairs .... I
I with out investing in hiqh -tech instrume nts. ".~. ~. I

FREE BOOK LET: 800·223·4542. ~l;lo,

I Name 1 ) - I
Address \ "" ::':

I City State_ Zip_ _ . I I
The School olVCR Repair, 2245 Perim eter to, ;;:...

• Park, Dept. VK342 , Atla nta, Georgia 30341 .... l~ ...------------ ..

*TELX-1 TELEPHONE FM XMTR (3 MI) auto­
maticall y operat es when phone is used. Crystal
cle ar clarity with fin e tun e and rang e control.
Non detectabl e $34.50

*ATR-1 AUTOMATIC TELEPHONE RECORDING
DEVICE tap es tel eph on e conversation all
autom aticall y $19.50

ALL THREE OF ABOVE FOR , $69.50

CALL OR SEN D VIS A, MASTER CH ARGE , ,
MONEYORDER, ETC.TOAMAZING CONCEPTS, .
BOX 716, AMHERST, NH 03031. (603) 673-4730.
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FREE CATALOGI
1·800·648·7938

JERROLD HAMLIN OAK ETC

CABLE TV
DESCRAMBLERS

• Speclel Dealer Prlces /
• Compare our Lrm Reta il Prices/
• Guarenteed Prices & Warrentlesl
• Orders Shipped Immedlately/

REPUBLIC CABLE PRODUCIS, INC.
E:;;;;;I 4080 Pa radise Rd . #15, Dept RE891 r:::-::::"
1:::::1 Las Vegas, NV 89109 ~

Fo r a ll other informati on (702) 362-9026

ALARM SECURITY
LOW cost burglar alarm sys te ms for yo ur home,
bus in ess, auto, co mpute r, and per son al. We ca rry
all lin es of security and e lec t ro nics supplies . Full
information package se nd $5 .00 : APS, Bo x 1074,
M o orh e ad , MN 5 6561- 10 7 4 . I n q u i r y ( 21 8)
236-6426.

CALL TOu.: FREE
1-800-228-7404

I. [~~eo D/ttY . ~ .OOR~1I
~ BACK ,. PROOF
~ ,I"fl 'tal 'tUn III> Mt IWJ II CUI UNne
i;{ 'M: CN6N All MAJOR BRANDS

BEST PRICE BEST
1IIE CONNECTlON.. ' { .

FOR MORE KORMAllON
CAll OR WRIlE .

1512 250-5031 NU-lB( ·'tr_ _ 1114 IoOl.CXlNS WOOD DIl. .....

~ CEP. 2M AlJIllN 1EXAI 7'7"

Start Your Own TV/VCR
.. Repair Business ..

Now you can train at home in your spare time for a money­
making career as a TVN CR Repair Specialist. No previous

experiencenecessary. Noneed to quit your job or school. Every­
thing is explained in easy-to-understand language with plenty 01
drawings, diagrams and photos. We show you how to trouble­
shoot and repair videocassette recorders and TV sets, how to
handle housecallsandshop repairs for almostanymake of tele­
visionor VCR. Tools areincluded withyourcoursesoyOUcan get
" hands-on" practice as you follow your lessons step by step.
Send for free facts about the exciting opportunities in TVNCR
Repair andfind outhowyoucan start making money in yourown
business! MAIL COUPON TODAYl '"

ICSSCH'Ool'iiFTVNCR REPAiR. D;I.ADEOs1S
I swc e ".. 925 OakStreet, Scranton, PA 1851 5

Please send me full information and color brochure on how I I
I can learnTVN CR Repair at homein my spare time. I under- I

standthereis noobligation andno salesman will visit me.
I Name Age- - - I

Address Apt. # __
I City/Slate/Zip I
I!.hD~;,}_.2.. :;j

VI DEO tapes by a co lle ge instructor cover ing th e
analysi s of OC/AC circ uits , tran sistor s , int egrated
ci rcuits , and mi c roprocessor s . Se nd for f ree demo
tape. Add $2 .50 for P/H. OCS, PO Box 292 Fort M ill ,
SC 29715

CONVENTIONS
THE Greater Louisville Hamfest and Comput­
erConvention. Saturday, September 28, and
Sunday September 29 ,1991. New and used
equipment, forums and testing . For addi­
tional information write Post Office Box
34444-R, Louisville, KY 40232-4444 or cal l
(502) 964-1132 .

EDUCATION & INSTRUCTION
F.C.C. Commercial General Radiotelephone li·
cense. Electronics home study. Fast , inex pe nsi ve !
"Free" det ail s. COMMAND, 0 -176 , Box 2824 , San
Fran cisco , CA 94 126 .

COMPLETE course in electro nic engineering . Eight
vo lumes. Includes all necessary math and physics .
Free bro ch ure . BANNER TECHNICAL BOOKS
1203 Gra nt Avenue, Rockford , IL 61103 .

LEARN fundame nta l e le c t ron ic s ca ll 1 (9 0 0)
988-9808 ext 684. You r phone bill rate $2. 00 per
minute .

BIOMEDICAL ELECTRONICS
BIOMEDICAL letter covers medical electronics,
anatomy, equipment functions, electrical sa fety,
troubleshooting. PNP PUBLISHING, Box 333,
Brooklyn, NY11204. (718) 637-9349 extention 55 .

12" Subwoofer Box 12" Pioneer Subwoofer 800 Hz Horn 18" Eminence Woofer

(J)
m
\J
-l
m
s:
OJ
m
JJ

FREE
CATALOG

Professiona l driver
for use in auditor ium
and studio sound
systems. Giant 100
oz. magnet. 250
watts RMS, 350
watt s max power
handling capability.
fs~ 30 Hz, QMS~
3.17, QES~ .373,
QTS~ .33,
VAS~ 10.5 CU It.
SP L~ 95 dB 1W/1M.
Net weight: 29 Ibs. EMINENCE
#RL-290-200 $9980 $9340

(1-3) (4-up)

$2395

(4-up)

1-800-338-0531

CALL TOLL FREE

#RL-260-220 $2880 $2495

(1-5) (6-up)

Super duty, 200 watt RMS
power handling capability.
Designed specially for dual
voice co il subwoofer
systems. 12 dB per
octave roll-off at
150 Hz into 8 ohms.
Crossover also features
a set of outputs
lor use with your existing speaker system. Network is
tota lly passive , requiring no power source of its own .

Subwoofer Crossover Network

#RL-270-085 $2530

(1-3)

Piezo midrange ltweeter driver unit.
Response: 800-20 KHz. Power handling
capability: 20-30 volts (approximately 50
watts RMS). Sensitivity: 93 dB, 2.83V/l M.
4" round. Motorola #KSNl 086.

(4-up)

SA~YO

$595 $395

(1-9) (l O-up)

Original Sanyo high
end system midrange.
Large 5" paper cone
with gold look dust cap.
Heavy 12 oz. magnet.
1" lerro fluid cooled
voice coil. 50 watts
RMS, 75 watts max.
Sanyo part #S12Hl0.
Net weight: 1·1/2 Ibs.

5-112" Cone Midrange

(Y.) PIONEER'
12" super duty, dual voice coil
subwooler. 30 oz. magnet. 2" voice
coil. 100 watts RMS, 145 watts max
power handling capability. 6 ohm
impedance (4 and 8 ohm compatible).
Sensitivity: 89 dB 1W/1M. Response:
25-700 Hz. QTS~ .31, VAS~ 10.3 cu ft.
Net weight: 6lbs. Pioneer #A30GU30-55D.

· 15 day money back guarantee · 615.00 minimum order '
We accept Mastercard, Visa, Discover, and C.O.D. orders. '
24 hour shipping ' Shipping charge. UPS chart rate + 61.00
(63.00 minimum charge) , Hours 8:30 am - 7:00 pm EST,
Monday - Friday' 9:00 am- 2:00 pm Saturday. Mail order
customers, please call lor shipping estimate on orders exceeding Sibs .
Foreign customers please send 65.00.U.S. lunds lor catalog postage.

#RL-292-050 $62 90$5980 # RL-281-100
(1-5) (6-up)

340 E. First St., Dayton, Ohio 45402
Local: 1-513-222-0173
FAX: 513-222-4644

PYLE

The perfect high volume cabinet
for dual voice coil subwoofers.
Box comes with pre-cut woofer
and port holes. Cabinet volume:
2 cu. ft. with dual ports. Charcoal
carpet. Dimensions: 13" (H) x 13"
(D) x 30" (W). Net weight: 29 1bs.

12" Pyle Woofer

12",70 oz. magnet woofer. 2-1/2" voice
coil. 105 watts RMS, 155 watts max
power handling capability.

#RL-260-495 $599
2,ch #RL-290-145 $3980 $3680

(1-3)

CIRCLE 56 ON FREE INFORMATION CARD
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-----------------------------

The Amateur Scientist's Journal

7RJ '11

• •

Address _

City State -'--'ZIP _

Ail Orders payable in U.S.A. FUnds only.

Please forward my copy of Scien ce PROBEl as soon as it comes off the press.
I am enclosing $3.50-U.S.A. ($4.23-Canada-includes G.S.T.) plus $1.00 for
shi pping and handling. Better still , please enroll me as a subscriber an d send
the next four (4) qua rterly issues of Science Probe. I am enclosi ng $9.95­
U.S.A. (Canada : $16.00-includes G.S.T.)

o Next Issue Only 0 Next Four Issues (1 Year)
Offers valid in the U.S.A. an d Cana da only. No foreign orders.
Name

Embark on an irresistible new journey into the realm
of mystery, challenge, and exploration! The perfect
magazine for the budding scientist, the serious
amateur, the professional who would like to relax,
and those who simply want to gaze at the stars.

If you're fascinated by science in all its many forms,
if you are compelled to experiment and explore, then
Science PROBE! is your kind of magazine!

Articles to appear in upcoming issues of Science PROBE!
are:

How an Amateur Mapped the Milky Way
Make your own Seismometer

Operate a Solar-powered Weather Station
Grow Crystals Automatically

Experiment with a Saltwater Aquarium
How to Keep a Science Notebook

Welcome to.

.----------------------------,
Science PROBE! I
500-B Bi-County Boulevard I
Farm ingdal e, NY 11735 I

I
I

Obtain your next issue of Science
PROBE! by visiting a quality News­
stand, Convenience Store, or Super­
market or by reserving your personal
copy through the mail by completing
the coupon below.

From your very first issue of Science
PROBE! you will be involved in a world
of scientific facts, experiments, and
studies pursued by amateur scientists
who are university students, investors,
academic ians, engin eers , or office
workers, salesmen, farmers- whose
quest is to probe into the mysteries of
science and reveal them to all.

Plan to become a Science PROBE!
reader!

Science PROBE! - the only
magazine devoted entirely to Amateur
Scientists! If you are fascinated by sci­
ence in all its many forms . .. if you can't
stay away from a microscope, te le­
scope, calipers, or test tube - we in­
vite you to share the wonders in every
issue of Science PROBE! You will join
a community of Amateur and Student
Scientists who enthusiastically seek
scientific knowledge or follow scientific
pursuits for their own sakes and not
merely as a profession.

ON SALE AT QUALITY NEWSSTANDS, CONVENIENCE STORES AND SUPERMARKETS
GET YOUR COPY TODAY-$3.S0-U.S.A.-$3.9S-Canada



We Have QUALITY PARTS • We Have DISCOUNT PRICES • We SHIP FAST

, , -, INFRARED SECURITY LIGHT (AS-IS)

nium quality metal tape in C-GO and C-90 cassettes (30 or ~
,in. per side) . One of the finest "brand-name" tape s on the
<et. in durable, clear plastic transport mechanisms. Recorded om 0
bulk erased, the record-prated tabs have been removed and
ofare, need to be taped over to re-record. Audiophiles will , . - 0

rac iate the wide dynamic range of this tape. If your cassette
chas a "metal" setting you will hear the difference. A real bargai nI
nin.tape- CATt C~M SI.25each ·10forSl0.oo ~
ninotape - CA Tt C·90M S1.65 each , 10 for S15.00

. G c:I
~SSETTE STORAGE CASE
:1<, unbreakab le plastic audio cassette storage case .
r. CBOX s ror st.oo • l OO for S15.00

Electrik o II SIL-l 0l • Experiment wi th infrared sen sors wtth
these outdoor securtty lights. Conta in lots 01 interesting
corrponents, an IR detecto r. photo resistor, relay,
transfo rmer, Ie' s, vo~age regulalo r, capaci tors, trirrpots
and othe r goodies . Returned to the distributor for variety
of reasons, we've found that most 01 them work to some
extent. We don't want to test them and would prefer to
sell them 'as -is' at a greatly reduced price. Mount s to any
standard electr ical junction box. Infrared sensor detects
movement up to 65 feet and turns on lights. Sensor can be
adjusted for sensitivtty and duratio n of light ing. The positlon
of the sockets and the infrared sensor can be easi ly adjusted .
Will handle two lSO watt PAR 38 lamps. Suitable for wet locations.
Bulbs not included.CATt IL· l 0 1 S7.SOeac h

KITS

'"~~~"""-;.
r :)

Th is sirrple device can be set to click
from 20 to 1,000 beats per rnn ute.
Easy to build, includes circuit board. all
corrponents and instructions. Oper­
ates on a 9 volt battery (not included).
CAn METRO S3.75 eac h

L.E.D. FLASHER KIT

Learn about ~
stepp ing \'~~;..r~
motors while~.
building this
simple circuit.
Includes circuit board, stepping motor
and all parts except 12 Vdc power
supply. CA n SMKlT S18.00 each

METRONOME KIT

Build this variable "
speed led chaser . '. " d u~~
10 ledsflash~HO ..... \
sequentially at --<-
whatever speed
you set them for.
Easy to buiid kit includes pc boa rd,
parts and instructions. Ideal for special
lighting effects, costumes, etc. Oper­
ates on 3 to 9 volts . PC board is 5" X
2.25" . A great one hour project .
CA n AEC $6.50 each

STEPPING MOTOR
CONTROLLER KIT

TwoL.E.D.'s flash in ....\ 1// .....\ 1,

unlson when a s volt~/:t- . /
bane ry is anachod .
This kit includes a .....
p.c, board, all the parts
and instruct ions to make a simple flash­
er circuit. A quick and easy project for
anyone with basic soldering skills .
CA n LEDKlT S1.75 per ktt

L.E.D" CHASER KIT

PHOTOFLASH
CAPACITOR

RubironCE ~
210Mfd33OVo it - I::O~-­
photoflash
capacito r.
0.7g' dia. X 1.1" high. These
are new capa citors that have
been prepped wtth 1.4" black
and red wire leads soldered

to the term inals.
CAn PPC-210

SI .25 each , 10 for su.oo
100 for sroo.oo

Large quantities avail able.
Call fo r pric ing.

..........1II'IIIl

Miniature Toggles
Rated: 3 amps @ 120 Vac

Pushbutton Switch
SMK
Manufacturing
0.47" square ~
black pushbutton.~
SPST norma lly
open. 4 p.c. pins
for mounting. Ideal for low
current swttching applica­
tions. CAn PB-29

5 for S1.OO · 100 for S15.OO

D.P.D. T. (ON-ON)

solder lugs ~
CAn MTS-8 S1.75 ea.
10 for S15.00

D.P.D. T. (ON-ON) U
P.C. mount
CAn MTS-8PC S2.oo ea.
10 for S17.5O

S.P.D.T. (ON-ON)
P.C. mount
CAn MTS-4PC S1.00 each
10 for S9.OO - 100 for S80.OO

S.P.D.T. (ON-ON)
solder lugs

CATtMTS-4 &S1.35 each
10 for S12.5O . .
100 for S110.00

, .

INFORMATION (818) 904-0524

SWITCHES

•

"I icroswttc h IISS41
Tiny, solid state switch CJ:=:===
reacts instantly to
proximity of magnetic field.
Operales at extreme ly high speeds , up to
100khz. Case size: 0.12" X0.17" X0.06"
thick. 4.5 Vdc to 24 Vdc supp ly voltage .
l O rna sink type digital output. Ope rating
gauss - 15 to 40 . P.C. leads .

CATt HESW·2 75" each , 10 for $6.50
100 for $60 .00 ' 1000 for S5OO.oo

Sprague II UGN3075LT CJ::===
Operates on 4.5 - 24 Volts
Can sink 10 mao With suitable outp ut pull
up, can be used directly wtth bipola r or
CMOS logic circuits. Especia lly suited for
electronic commutation in brushless D.C.
moto rs using mu~iple ring magne ts. Very
tiny surface mount package 0.175" X
O.09"X 0.06" thick.

CAT . HESW-5 2 for S1.OO
100 for $45 .00 Large quantit ies available

FLASH ASSEMBL Y

New compact flash
asserroy from a
U.S. manufact urer of
cameras. Operates
on 3 Vdc and measu res
2 112"x 1 114". Ideal fo r
use as a strobe , warning light or attention
getter . Includes hook-up diag ram.

CATt FSH·l S3.75 eac h
10 for S35.OO" 100 fo r S325.OO

Textoolll 224-3344 . Protect 24 pin dip IC's
from damage duri ng test, burn-in or pro­
gramming. Lever-operated mechanism
locks part secure ly in place and releases it
with no damage to corrponent leads .

CATt Z1F-24 $4.50 each

Minimum Order $ 10.00 • All Orders Can Be Charged To Visa, Mastercard
Or Discovercard· Checks and Money Orders Accepted By Mail· California, Add
Sales Tax · Shipping And Handling $3.50 for the 48 Continental United Sta tes
All Others Including Alaska, Hawaii, P.R. And Canada Must Pay Full Shipping •

Quantities Limned »No C.O.D. • Prices Subject to change wi thout notice.

AAA SIZE Sl .5O each
1.2 volts 180 mAh
CATt NCB-AAA

M SIZE S2.OO each
1.25 voits 500 mAh

CA TtNCB-AA

M SIZE S2.2Oeach
WITH SOLDER TABS

CATt NCB-SAA

C SIZE $4.25 each
1.2 voits 1200 mAh

CATt NCB-C

o SIZE $4.50 each
1.2 volts 1200 mAh

CATt NCB-D

RED CATt LED-l
10for Sl.50 " 100 for S13.OO

GREEN CA Tt LED-2
toicr saoo v tootcr stz.oo

YELLOW CA Tt LED-3
10 for S2.oo • 100 for S17.00

FLASHING LED
WI bui lt in flashing ci rcuit
5 volt operat ion. T 1-314

(5mm) '"-=
RED S1.00 each

CATt LED-4 10 for S9.50

GREEN S1.OO each
CATt LED-4G 10 for S9.SO

YELLOW S1.00 each
CATt LED-4Y 10for $9.SO

LED HOLDER

Two piece holder . a e
10 for 65¢

FAX (818) 781-2653
Call Or Write For Our
Free 64 Page Catalog

Outside the U.S.A. send $2.00
postage for a catalog.

TOUCH DIMMER

LEPHONE KEYPAD

"brain"
of the

'E
JCH'
:h dimme r,
In connecte d to any lamp , will turn tt
and off and cha nge the brightness
,I when any metal part is touched. We
" have the wiring harness that origi-
y connected this to the lamp, but we
I provide a simple hook-up diagram
I inst ruct ion sheet. The so lid-sta te cir­
:ry is con tained in a the rmo-
stic box 1.91' X3.11" X0.835".

CATt DMR-l S3.SOeach

button te lephone
(pad. Ivory finish .
13" x 2.2" x 0.56" thick .
urix encoded.
ral for te lephone or
:u rity keypad.
IT. KPT· l st.oo each , 10 for S9.oo

AUDIO SLIDE POT

masonic (Matsushita)

EFR RCB K40K54 ~
, ultrasonic microphone
Insisting of a blmorph
pe piezoelectric cerarnc
brator. Ideal for burglar alarms, auto
lOr openers, flow rate detectors and reo
ote control systems. Nom. Freq. 40kHz.
[ax Input volts : 20 Volts. 1511 6" dia X
'8" high . 518" long leads.

CATt UST-l si.oo each

iual 1K audio.
, 112" long, 2 1/2" slide L
:ATt A SP.1KD f'~~--{

l educed to so" each ' , "
100 for $40.00.........................

MAIL ORDERS TO: ALL ELECTRONICS CORP· P.O. BOX 567· VAN NUYS, CA 91408
CIRCLE 107 ON FREE INFORMATION CARD
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\

XY1683 $69 .95

30 Watt Electronic Temperature Controlled Desoldering
Station • Electronic temperature control from 212 ' to
842°F • Self contained high rotary vacuum pump

60 Watt Analog Display Soldering Station • Electronic
temperature control from 2000 to 878'F • Cartridge heat­
ing element for a longer life of the soldering tip

Features :
• Ideal for analog, digital and microprocessor • Two debounced push-button switc her

- circuits -- - - . Two SPDl' slide switches. all leads
• Triple DC regulated power supplies, +5V, available and uncommited

+15V. -15V • A total of 2520 uncommited tie-points
• 8 logic indicators • Potentiometers: one 1KU and one 10
• Function generator with sine. square, • Includes power supply, instrumentati<

triangle and TTL waveforms and breadboarding

PB503 $29'

Soldering and DesolderingStations

• 5.25"Flat nose pliers -
• Utilityknifewithextra blade
• Desolderingpump
• 525" Bent needle nose pliers
• Carrying case:

17.63"Wx 12.5"0 x3.5"H

Jameco Logic Probe

~
• Max Freque ncy 80MHz • Minimum detectable
pulse: ions • 120Kil Input Impedance • Max.
supplyvclta qe : ' 25V • TTL threshold : (Lo).O.BV
· 0.1V (HI ) .2.3V · 0.2V • CMOS threshold :
(La)30% VCC ' 10% (HI) 70%VCC , 10%

scissors
Solderingstand
Rosincore solder

6"adjustablewrench
30Watt soldering iron
5.5" Stainless steel

Jameco Logic PUISer\

• Compatible With TTL . DTL. RTL. HTL.
HNIL. MOS and CMOS ICs. • 1M£l Sync
Input Impedance • Pulser mode output
current: 10mA • Square wave current
output: 5mA • AUdible tone

MS305 $119.95

Test/Measurement and Prototype Equipment
51-Piece Electronic Tool Kit Global Specialties Protoboard" Desi~
Tools Inc lud ed in Kit :

10' measuring tape
525" needle nose pliers
Electric tape
Utility components box
6piece precision
screwdriver set
6" long tweezers

• 8piece hex keywrench set
7"brush and scraper
Digital Multimeter
Brush
7"fine point probe
Round needle file _
10piece screwdriver set:
6Slotted & 4 Phillips

• 7"slotted probe
• Flat needle file
• 4.5" diagonalcutting pliers

I

$

XY999

UVP EPROM Eraser

• Erases all EPROM's • Erases 1 chip
15 minutes and 8 chips in 21 min

• UV intensity: 6800 UWICM2

DE4 $89

EPROMs - for your programming needs

A.R.T. EPROMProgrammer

XY999 $299.95

EPP $199 .95

• Programs all current EPROMs in the 2716to
275 12 range plus the X286 4 EEPROM

• RS232 port · Sof twa re include d

..
35o,g,tMuilimeler $59.95
35 DigitMultlmeler w Frequency &
Capaotance $74.95
45 Digit w Frequency. Capacitance

and Data Hold SWitch $99.95

Handheld Multimeter

M361 0
M3650

M4650

M4650 only: • Data hold swrtcb - 4.5 digit

M3650& M4650only:
• Also meas ure frequency and capacitance

Gene ral Specs:
• Handheld. high
accuracy ' ACIDC
vottape . AC'DC
cur rent. resis tance.
diodes . continui ty.
transistor hFE

• Manual ranging w'
ove rload protect ion

MS104 $24.95

Metex Digital Multimeters

Part No. Price Part No. Price '-P"'ar!..!t...!.N""o"-. -'
TMS2516 $4.25 2764-20 $3.95 272560TP
TMS2532-35 9.95 2764 -25 3.75 27256-15
TMS2532A 7.95 2764-45 3.49 27256-20
TMS2564 5.95 2764A -20 3.95 27256-25
TMS27 16 5.95 2764A-25 3.25 27C256-15
1702A 3.95 27C64-15 3.95 27C256-20
2708 4.95 27C64-25 3.25 27C256-25
2716 3.49 271280 TP 2.95 275120TP

• 3.5 dlgll LCD wrth aulamalic polanty indication 2716 -1 3.95 27128-20 6.95 27512-20
:~~,~~ v~~tr~~~l m:::~~~:;:~~tU~~Ot;ogo~~~ 27C16 4.25 27128-25 7.95 27512-25
• Resistance measurement up to 20Mil • Con - 2732 4 95 27128A 15 5 95 27C512 15

Please tmurty checker with audible tone • Diode and . - • -
refer to logiC tester . AUla/manual range and data hold 2732A-20 4.95 27128A-20 4.49 27C512-20

Mail Key 2 Iunctions > All range protecnon and tuncuon in- 2732A-25 3.49 271 28A-25 3.75 27C512-25
when cicanons 2732A-45 2.95 27C 128- 15 5.95 27C010-15

ordering DMM905 $39 .95 27C32 4.9 5 27C128-25 7.95 68766-35

• Part ia l List ing • Over 400 0 Electron ic and Computer Components in Stock!

JE21

JAMECO®

-=- 1~~f1

"I~I

Part Dim . Co ntact Bind ing
No. L" x W" Poi nts Pos1s Price I

J E21 325,2.125 400 o $4.95
JE 23 6.5,2.125 830 o $6 .95
J E24 65,3.125 1.360 2 $12 .95
J E25 6 5, 425 1.660 3 $17 .95
J E26 6875,575 2.390 4 $22.95
JE 27 7.25x 7.5 3.220 4 $32 .95

LP540 $16.95

Prototype Products
Jameco Sol derless Breadboards \

~~E24
JE27~U

" \
~

~ 24 Hour Order Hotline

~ (415) 592-8097
a:
t­o
W
--l
W

o
zs
<t:a:

92
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om etitive •rIces
tomputer Products and Electronic Components

COMPUTER PRODUCTS

$50.00 Minimum Order

Hard
Drives

Conner (16-bit IDE)
CP3044 40M8 35- Low Prohle $399.95
CP3184 80M83.5'HH $599.95
CP3104 100M8 3.5'HH $649.95

ADP20 Host Adapter $29.95

Let usshowyou what we have tooffer;
calforwrite forthelatest Jamecocatalog!

• Tools
• Cables
• Connectors
• Data Books
• Motherboards
• Memory
• Math Coprocessors
• Computer Accessories
• Power Protection Equipment
• Much , much more!

Additional items that Jameco offers :

• Wide selection of integrated
circuits and components

• Quality prototype and test
equipment

• Computer kits and accessories

Look to Jameco.....

Call for a FREE 90-Page catalogt

© 1991 Jameco Electronics 9/91

CA Residents Add
6.00%, 6.50% or 7.00% Sales Tax

Shipping, handlingand insurance areadditional.
(Costs may vary accoromq to weight and stuppmq method)

Term s: Prices subject to change without notice .
Items subject to availability and prior sale.
Complete list of terms/warrant ies IS available upon request.
IBM 1$a reg.$lered trademark ortntemateoa r BUSiness MachInes

J~c~~!:?®
COMPUTER PRODUCTS

24 Hour Order Hotline (415) 592-8097

Relisys 14" VGA
Color Monitor

JE10585 , $229.95

. Emulates VGA. EGA, CGA. MDA and
Hercules modes ' Comes with 512KB
video RAM upgradable to 1MB (Four
514256-80) . Capable of 1024x 768 with
256 colors (I MB video RAM required)

• Max resolution: 720 x 480
• Bandwidth:30MHz
• Input: DBIS-pin (analog)

RE9513 $399.95

Jameco 16-bit Super
VGA Card

D-Sub Connectors and Hoods
DB25P Male, 25-pin $.65 1DB25H Hood ........ .. $.39
DB25S Female. 25-pln $.75

JMT123
206·8
MPC121
MS102

Miscellaneous Components
Potentiometers

Values available (insert ohms into space marked "XX"):
soon, I K, 5K, 10K, 20K, SDK, 100K, 1MEG

43PXX 3/4 Watt,IS Turn $.99
63PXX ' /2 Watt, 1 Turn $.89

Transistors And Diodes

PN2222...... .. $.12 11N4735 $.25 12N4401 $.15
PN2907......... . .12 2N3904 12 1N4148 .07

1N4004 10 1N751 15 2N3055 69 Data Sheets _50c each
2N2222A 25 C106B1 59 1N270 25

Switches
SPDT, On-On (Toggle) $1.25
SPST. 16-pin (DiP) $1.09
SPDT,Qn.()ff -Qn (Toggle) $1.19
SPST, Momentary (Push-Button) $.39

10+
$1.75

.35

.29

.39

.35

.59

.35
2.75

.39

.35
1.09

.39

.39

.39

.29

.49

.59

.69

.69
1.09

1-9
$1.95

.45

.39

.49

.45

.69

.45
2.95

.49

.45
1.19

.49

.49

.49

.39

.59

.69

.79

.79
1.19

7472
7473
7474
7475
7476
7483
7486
7489
7490
7493
74116
74121
74123
74125
74151
74160
74161
74192
74193
74194

Part No .10+
$.19
.19
.19
.25
.29
.29
.25
.19
.25
.25
.25
.19
.25
.25
.29
.35
.39
.65
.79
.79

1-9

Integrated Circuits

$.29
.29
.29
.35
.39
.39
.35
.29
.35
.35
.35
.29
.35
.35
.39
.45
.49
.75
.89
.89

LEOs

XC209R TI , (Red) ....... $.14 1XC556R T13/4, (Red) ... $.12
XC556G T13/4, (Green) ... 16 XC556Y T13/4, (Yellow)... 16

IC Sockets
Low Profile Wire Wrap (Gold) Level #2

Dynamic RAMs 8LP $.11 8WW $.49
100ns.64Kxl $1.95 41256-100 lOOns, 256KxI $1 .99 14LP 12 14WW 69
120ns.64Kxl 1.89 41256-120 l20ns. 256KxI 1.89 16LP 13 16WW 79 FAX: (415) 592-2503
150ns.64Kxl 1.59 41256-150 150ns. 256KxI 1.85 24LP 19 24WW 1.15 (415) 595-2664
60ns. 256K xI 2.75 511000P-80 80ns. IM8xI 7.95 28LP 22 28WW 1.39
80ns. 256Kx I 2.49 511000P-10 lOOns. 1M8 x I 6.95 40LP 28 40WW 1.89 1355 Shoreway Road

• Call for a complete listing of IC's Soldertail Standard & Header Plug Sockets Also Available Belmont, CA 94002

•Customer Service·Technical Assistance- Credit Department· All Other lnquiries- (415) 592-8097 • 7AM - 4PM P.S.T.

CIRCLE 114 ON FREE INFORMATION CARD 93

Assemble Your own Computer Kit!

Jameco 16MHz 80386SX
Desktop Computer Kit

Includes:

• 80386SX Motherboard with
2MB RAM (expandable to 8MB)

• 101-key enhanc ed keyboard
• Multi 1/0 Card
• Toshiba 1.44 MB, 3,5" DSH D

floppy disk drive
• Baby sized desktop case
• 200 Watt pow er supply
• DR DOS 5.0 by Digital

Research and AM I
diagnostic software

Jameco 16MHz 80386SX Desktop Computer Kit
• Build ing your own com pute r provides you with a better understanding at

compon en ts and their funct ions
• In-dep th assembly inst ructions included
• Have you r new computer assemble d and running in an evenin g,

using common tools
• Software inclu ded
• Purchase com pu ter kits configured by Jameco or design your own

7400
7402
7404
7405
7406
7407
7408
7410
7411
7414
7417
7420
7427
7430
7432
7438
7442
7445
7446
7447

Part No.

4164-100
4164-1 20
4164-150
41256-60
41256-80



~UNICORN
~oo~o~a~og~ A~e. ,~ni~B-~ ( S

Chatsworth , CA 91 311

SINCE 1983 - YOUR I.C. SOURCE - AND MUCH MORE!!
NO SHIPPING CHARGES ON PRE-PAID ORDERS!*

NO CREDIT CARD SURCHARGE!
SCHOOL P.Oo's WELCOME!

• . •
STOCK # DESC. SPEED 1-24 25-99 100+ STOCK # SPEED 1-24 25-99 100+

STOCK # MFG. WAVE- OUTPU T OPER. OPER. PRICE 41256-60 256K x 1 60 ns 2.59 2.46 2.21 2716 450 ns 3.29 3.13 2.82
LENGTH POWER CURR o VOLT. 41256-80 256K x 1 80 ns 2.19 2.08 1.87 2732 450 ns 4.19 3.98 3.58

LS9220 TOS HIBA 660 nm 3mW 85 mA 2.5v 129.99 41256-100 256K x 1 100 ns 1.99 1.89 1.70 2732A 250 ns 3.29 3.13 2.82

LS9200 TOSHIBA 670 nm 3mW 85 mA 2.3v 49.99 41256-120 256K x 1 120 ns 1.89 1.80 1.62 2764 250 ns 3.49 3.32 2.99
LS9201 TOSHIBA 670 nm 5mW 80 mA 2.4v 59.99 41256-150 256K x 1 150 ns 1.79 1.70 1.53 2764A 250 ns 3.09 2.94 2.65
LS9211 TOSHIBA 670 nm 5mW 50 mA 2.3v 69.99 511000-70 1 meg x 1 70 ns 5.49 5.22 4.70 27128 250 ns 4.79 4.55 4.10

LS9215 TOSHIBA 670 nm 10mW 45 mA 2.4v 109.99 511000-80 1 meg x 1 80 ns 5.29 5.03 4.53 27C128 250 ns 4.79 4.55 4.10
LS3200 NEC 670 nm 3 mW 85 mA 2.2v 79.99 511000-10 1 meg x 1 100 ns 5.09 4.84 4.36 27256 250 ns 4.59 4.36 3.92
LS022 SHARP 780 nm 5mW 65 mA 1.75v 19.99 514256-70 256K x 4 70 ns 6.49 6.17 5.55 27C256 250 ns 4.29 4.08 3.67

514256-80 256K x 4 80 ns 6.09 5.79 5.21 27512 250 ns 5.49 5.22 4.70

514256-10 256K x 4 100 ns 5.69 5.41 4.87 27C512 250 ns 5.49 5.22 4.70

541000-80 4 meg x 1 80 ns 26.99 25.64 23.08 27Cl024 ~OO ns 10.99 10.44 9.40

544256-80 1 Me x 4 80 ns 31.99 30.39 27.35 27C2048 200 ns 21.99 20.89 18.80

STOCK # WAVELENGTH OUTPU T OUTPUT BEAM BEAM POLARI - OPERATING OPER. FIRING MIN . SIZE WT. BRH PRICE
POWER POWER DIAM. DIVERG . ZATION VOLTAGE CURRo VOLT. SERIES D XL (GM .) CL. 1-9 10+
(M IN.) (MAX.) RES. (IN MM)

LT7770 543nm (Green) 0.5mW 1.0mW 0.71mm ~ 1.2 mrad random 1750v :': 110v 6.5 mA S 8 kV 81k n 37 x 350 200 II 799.99 749.99
LT7650 632.8nm (Red) 0.5mW 2.0mW 0.49mm S 1.7 mrad > 100:1 1000v :': 100v 3.5 mA < 7 kV 68k n 25 x 146 70 li la 529.99 479.99
LT7656 632.8nm (Red) 0.5mW 2.0mW 0.34mm S 2.4 mrad rand om 1050v :': 100v 2.8mA S 8 kV 82k n 22.5 x 118 60 li la 134.99 124.99
LT7655 632.8nm (Red) 0.5mW 2.0mW 0.49mm S 1.7 mrad rando m 1000v :': 100v 3.5 mA S 7 kV 68k n 25 x 150 70 Ilia 144.99 134.99
LT7655S 632.8nm (Red) ' 1.0mW 2.0mW 0.49mm S 1.7 mrad random 1000v :': 100v 3.5 mA S 7 kV 68k n 25 x 150 70 lila 159.99 144.99
LT7632 632.8nm (Red) 1.2mW 3.0mW 0.61mm S 3.0 mrad random 13OOv :': 100v 3.5 mA S 7 kV 81k n 20 x 210 70 li la 249.99 229.99
LT7621S 632.8nm (Red) 2.0mW 5.0mW 0.75mm S 1.2 mrad random 1300v :': 100v 5.0mA S 7 kV 68k n 30 x 255 140 lila 204.99 191.99
LT7634 632.8nm (Red) 2.0mW 5.0mW 0.75mm S 1.2 mrad > 500:1 1300v :': 100v 5.0mA S 7kV 68k n 30 x 255 140 lila 209.99 194.99
LT7621MM 632.8nm (Red) 5.0mW 15mW 1.0mm S 2.5 mrad random 1250v :': 100v 6.5 mA S 7 kV 68k n 30 x 255 140 IIlb 359.99 334.99
LT7627 632.8nm (Red) 5.0mW 15mW 0.80mm :5 1.1 mrad ran dom 19OOv :': 100v 6.5mA S 8 kV 81k n 37 x 350 200 IIlb 369.99 344.99
LT7628 632.8nm (Red) 5.0mW 15mW 0.80mm :5:1.1 mrad >500:1 19OOv:': 100v 6.5 mA S 8kV 81k n 37 x 350 200 Ili b 389.99 364.99
LT7627MM 632.8nm (Red) lOmW 30mW 1.2mm :s4.0 mrad random 1750v:': 100v 6.5mA S 8 kV 8lk n 37 x 350 200 IIIb 479.99 444.99

Not just a dr ive cleane r-but a complete
compu ter cleaning kit. Includes swabs ,
head cleaning flu id, anti-static cleaner,
screen wipe s and cleaning diskette.

Disc Drive & Computer
Cleaning Kit

STOCK # PRICE
S81099 3W' Kit $6.99
S81100 511," Kit $6.99

STOCK # PRICE
S81052 $39.99

Collimator Pen

• Output: 2.5 mW (max.)
• Current: 90-150 rn A
• Op. Vo lt. : 2.2-2.5V
• W avele ng th: 820NM
• Dat a Sheet in c .

PRICE
$19.99

STOCK #
PS1003

• In p u t: 115/ 230V
• O u tput: +5v @ 3.75A

+12v@ 1.5A
- 12v @ AA

• S ize: 7" L x 5 '14' W x 2'h" H

Power Supply

• Output: 3 .5 mW
• Wave length : 67 0N M
• Power S upply: 2xAAA Batteries

(included)
• B ea m : App rox . 3" @ 100 ya rds

Q uan t ity Di scounts Ava ilab le

STOCK # PRICE
LSPOINT $199.99

PRICE
$49.99

STOCK #
MV912

An inlelligent robot that knows how
to avoid hilling walls. This robo t
emits an infra-red beam wh ich
detec ts an obstacle in front and
then autom al ically tu rns left and
continu es on .

Avoider Robot Kit

PRICE
$49.99

STOCK #
Y01

Robots were once confined to science fiction
movies. Today, whether they're perform ing
dange rous tasks or putt ing toge ther co mplex
prod ucts. robot ics are f inding their way into
more and more industries. The Robotic Arm
Kit ISan educat ional ki t that teaches basic
robo tic arm fundamentals as well as test ing
your own motor skills. Comma nd it to perf orm
simple tasks.

Robotic Arm Kit

For static-sensitive applicat ions.
Dispenser packs, ind ividually wrapped.

Anti-Static
Screen Wipes

STOCK # PRICE
581104 D ispenser pack $1.99

of 25 wipes

581107 D ispenser pack $4.99
of 100 wipes

Disc Drive Head­
Cleaning Kit

Inc ludes c leaning fluid and
head -clean ing diskette

STOCK # PRICE
S811 05 3'h" Drive Kit $1.99
S81 106 5V.' Drive Kit $1.99
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ORDER LINE - (800) 824-3432 1· \I1S4· 1

INTERNATIONAL ORDERS - (818) 341-8833

FAX ORDERS - (818) 998-7975

TECHNICAL SUPPORT - (818) 341-8833

CIRCLE 185 ON FREE INFORMATION CARD

• 15.00 MINIMUM ORDER •
• Ups BLUE , RED & FEDERAL EXPRESS " •

SHIPPING AVAILABLE
• OPEN MON -FRI 9:00 AM - 6:00 PM,

SAT 10:00 AM - 3:00 PM PDT
• CA RESIDENTS ADD 7% SALES TAX
• CALL FOR QUANTI TY DISCOUNTS
• CALL FOR FREE CATALOG

(FOR 1ST CLASS DELIVERY OR CATALOGS
DELIVERED OUTSIDE THE U.S. - SEND $2.00)

• WE CARRY A COMPLETE LINE OF ELECTRONI C
COMPONENTS

'NO SHIPPING CHARGES ON PRE-PAID
ORDERS DELIVERED IN THE CONTINENTAL U.S.
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E3120CE3120E

ORDER DIRECT
1-800-582-4044

Steel Enclosure 2 .5 " x 8 " x 7 " 2.64 Ibs.
Stee l Enclosure 2 .5 " x 12" x 7" 3.74 Ibs.
Steel Enclosure 2.5 " x 17" x 11" 6.82 Ibs.
Steel Enclosure 3 .5" x 8" x 7" 2.86 Ibs.
Steel Enclosure 3 .5" x 17" x 11 " 7.26 Ibs.
Steel Enclosure _5. 2" x 17" x 11" 7.70 Ibs.

Description Dimensions (HxWxD) Weight

480/19.2" x 43/1.72" 38/1.5" x 424 /16.r x 244/9.6" . . 6.6 tbs.

480/19.2" x 8713.48" 8313.32" x 424/16.7" x 244/9.6" 67/2.68" 7.7 Ibs.

480/192' x 8713.48" 83/3 .32" x 424/16.7"x333/13 .32" 6712.68· 9.02Ibs.

480/19.2" x 132/5.28" 122/4.88 " x 424 /16.r x 424/16 .7" 9813.92 10.12Ibs.

480/19.2· x 177n.OS 172/6.88 · x 424116.r x33 3/13 .32· ..13615.44· ..10.78Ibs.

Panel (mm/in) Cabinet (HxWxOmm/in) Handle Weight

E3119A 12.95
E31198 15.95
E3119F 19.95
E3119G 13.95
E3119K 24.95
E3119P 29.95

FEATURES
·Ventilation holes
·Self-adhesive feet included
·Front & rear panels: 1.3 mm aluminum alodine

(paintedwhite)
•Top & bottom covers: 0.9 mm phosphated steel

(paintedblack)

Order # 1-9

E3120A 36.95 34.95
E3120B 44.95 42.95
E3120C 49.95 47.95
E31200 54.95 52.95
E3120E 59.95 57.95

A range of vent ilated 19" rack mount
cabinets, designed to accept DIN 41494,
IEC 297, EIA RS-310 C-1977 and JIS
C6010-1969. Classic and contemporary
styling, black hi-gloss finish, together with
innovative techniques result in a ruggedly
built stylish enclosure. The cases are
supplie d flat packed and are easy to
assemble.
Order # 1-9 10+

-------- - ----- - - - - - - - - -- ---- - ~

------------------------ ----

This two volume set contains over 2200 pages of data on RF Power
TMOS FETs, RF Power Bipolar Transistors, RF Small Signal
Transistors,Tuning and Switching Diodes, and RF Amplifiers. Also
included are drawings, diagrams. dimensions and pin-outs on all
packages.

Order # OL110 14.95 RF Device Vol. 1 & 2 ,Weight: 4.25 Ibs.
Telecommunications Device Data

Almost 900 pages covering Switching, Integrated Voice/Data, Modem. Filter, Data
Communication, Basic Phone, Cordless Phone, Transmission and RF Modem Circuits.

Order # DL136 11.95 Telecommunications Device Data........Weight: 1.75Ibs.
MPUl MCUlPeripheral Data - Volumes 1 & 2

Over 2800 pages on Motorola's Microcontroller and Microprocessor families such as the
MC6800, MC6802, MC6821, MC6845, MC146818, MC68701, MC68705, etc.

Order # DL 139 16.95 MPU/MCUlP eripheral Data-Vol. 1 & 2 .....Weight: 4 lbs.

'ECH

Order # Price Descript ion Pin s
5719 17.95 Gary (8386) 48
8362R8 39.95 Denise "Half Brighl" (252126-02) .48
8364R7 37.95 Paula (252 127-02) .48
8372A 99 .95 Fatter Agnus (1MB) For A500 /A2000 (318069-02) PLCC 84
8520A 16.95 Complex Interface Adapter For A500 /A2000 (318029-03) .48
315093-02 34 .95 Kickstart ROM 1.3 .40
' NOTE: No data available on Amiga computer chips

- ------ --- -- - ~

FAX DIRECT
1-800-582-1255

Output Input Frequency Gain
Order # Price Pwr. (W) Pwr. (W) Range (Mhz) db /Mhz ' Package
MRF221 16.35 15 3.5 136-174 6.3/17 5 211-07
MRF237 3.69 4 0.25 136-174 12/17 5 79-05
MRF238 15.95 30 3.7 136-174 9/175 145A-09
MRF240 17.49 40 5 136-174 9/175 145A-09
MRF240A 17.49 40 5 136-174 9/175 211-07
MRF247 24.75 75 15 136-174 7/17 5 316-01
MRF260 11.95 5 0.5 136-174 10/175 221A-04
MRF262 12.95 15 3.5 136-174 6.3/17 5 221 A-04
MRF317 64 .95 100 12.5 30-200 9/150 316 -01
MRF321 24.95 10 0.62 100-500 12/400 244-04
MRF340 9.95 8 0.4 30-200 13/136 221 A-04
MRF401 13.49 25 (PEP/CW) ..1.25 2-30 13/30 145A-09
MRF406 14.99 20 (PEP/CW) ..1.25 2-30 12/30 211-07
MRF422 35.95 150 (PEP/CW) 15 2-30 10/30 211-11
MRF 426 19.49 25 (PEP/CW) ..0.16 2-30 22/30 211-07
MRF427 16.95 25 (PEP/CW) 0.4 2-30 18/30 211-11
MRF428 59 .95 150 (PEP/CW) ..7.5 2-30 13130 211- 11
MRF450A 14.49 50 .4 14-30 11/30 145A-09
MRF455A 12.69 60 3 14-30 13/30 145A-09
MRF458 19.95 80 5 14-30 12/30 211-11
MRF515 2.95 0.75 0.12 .400-5 12 8/47 0 79- 04
MRF555 3.49 1.5 0.15 .400-512 10/470 3170 -02
MRF559 2.25 0.5 0.08 806-960 8/870 317-01
MRF607 2.49 1.75 0.12 136-174 11.5/175 79-04
MRF641 20.49 15 2.5 .400-512 7.8/470 316-01
MRF646 25.95 40 13.3 .400-512 .4.8/470 316-01
MRF652 11.49 5 0.5 .400-512 10/512 244-04
MRF654 19.95 15 2.5 .400-512 7 .8/470 244 -04
MRF660 13.95 7 2 .400-512 5.4/470 221A-04
2N3866 1.25 1 0.1 100-400 10/400 79-04
2N4427 1.25 1 0.1 136-174 10/175 79-04
2N5641 16.95 7 1 30-200 8.4/175 144 B-05
2N5642 18.49 20 3 30 -200 8.211 75 145A-09
2N5643 19.95 40 6.9 30-200 7.6/175 145A-09
2N5944 11.95 2 0.25 .400-5 12 9/470 244-0 4
2N5945 11.95 4 0.64 .400 -512 8/470 244-04
2N5946 14.95 10 2.5 .400 -512 6/470 244 -04
2N6080 9.89 4 0.25 136-174 12/175 145A -09
2N6081 11.95 15 3.5 136-174 6.3/175 145A- 09
2N6082 14.95 25 6 136 -174 6.2/175 145A-09
2N6083 14.95 30 8.1 136-174 5.7/175 145A-09

' Complete dimensions, pin-outs and pictures of all packages are contained in
Motorola's RF Device Databooks (See Right ).
-------------~---- ----------

' P&B = Potter & Brumfield

Order # 1-9 10+
R185-3 6.99 5.99
R185-7 7.99 6.99

Coil Contact
Des cr iption Res. Rat ing Con tac t
Relay 12Voc 185Q 3A DPTD
Relay 12Voc 185Q 7.5A DPTD

VISA'

----- - - - - - - - - - ------------ -

Order #
CH.22
CH.39
CH.82
CH1.0
CH2.2
CH4.7
CH6.8
CH10
CH22
CH47

1-9 10+ L±10% (uH) Test Freg. Resist. (DC) Induct.
.89 .79 0.22 25Mhz 0.14n 935mA
.89 .79 0.39 25Mhz 0.30n 640mA
.89 .79 0.82 25Mhz 0.85n 380mA
.89 .79 1.00 25Mhz 1.00n 350mA

1.09 .99 2.20 7.9Mhz 0.40n 550mA
1.09 .99 .4.70 7.9Mhz 1.20n 320mA
1.49 1.39 6.80 7.9Mhz... .. 2.00n 245mA
1.49 1.39 10 7.9Mhz.......... ...3.70n 180mA
1.49 1.39 ...... .. 22 2.5Mhz 3.30n .. 190mA
1.49 1.39 .47 2.5Mhz 4.50n 165mA
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ADVERTISING INDEX
RADIO-ELECTRONICS does not assume any responsibility for error s that may appear in
the index below.

75 Ace Products 30

107 All Electro nics 91

108 AMC Sales 39

Command Productions 75

The SPEC -COM Journal 39

191 Worldwide Ca ble 88

185 Unicorn 94

178, 179 Viejo Publications 72.75

184 WPT Publications 77

188 US Cable 78

92 Tektronix 13

123 Test Probes 17

Page

CIE 7. 29

Cable Ready Company 84

84 Appliance Service 30

109 C & S Sales 32

Amazing Concepts 88. 96

180 American Relian ce Inc 30

Free Information NumberLASERSAND SCIENTIFICDEVICES
3mwVis R.d Laser Diod. Syst. m Kit $159.50
Laser Beam"Bounce" Listener Kit $199.50
Visibl. Simulat. d 3 Color Laser Kil $44.uO
40 Watt BurningCutting LaserPlans ...$20.00
Hi Powered Pulsed Drilling l aser Plans $20.00
1 to 2mwH.N. Vis R. d LaserGun Assembl.d $199.00
Laser Lit. Show - 3 M.thods Plans ..•... ................ .$20.00
Seein the Dark Kit ...••....•... ...... .....•...... .. ... .. ...$299.50
Electromagnetic Coil Gun Kil. $69.50
Hi V.locity CoilGunPlans . $15.00
L. vitatingDevicePlans ......... ............... •..... .......$10.00
ElectronicHypnotism Techniques Plans $10.00

HIGH VOLTAGE ANDPLASMA DISPLAY DEVICES
75,000 Volt DC Variabl. OutputLab SourceKil.. $149.50
Ion Ray Gun Kit, project energy without wires $69.50
12V/115 VACHi Out N.g Ion Generator Kit $34.50
Telekinetic Enhancer/Electric ManAssembl.d ...•.. .. ...$99.50
LightningDisplay Glob. Kit $54.50
Worlds Smallest Tesla Coil Kit.. .... . $49.50
250KVTableTop Tesla Coil Kit ........•.•... . $249.50
1.5 Miltion Volts Tesia Coil Plans .. . $20.00
Jacobs Ladder- 3 Mod. ls Plans $15.00
Anti Gravity Generator Plans ..... ... .... .. ....... ..•.......$10.00
Plasma Fire Saber Assembl.d $69.50
Oancing Plasma to Music and Sounds Assembled $79.50

VRL2K
LLlS1K
LHC2K
LC7
RUB4
LGU40
LLS1
SD5K
EML1 K
MCP1
LEVl
EH1

HVM7K
IDG3K
NIG9K
EMA1 K
LG5K
BTC1K
BTC3K
BTC5
JL3
GRAl
PFS20
DPL20

INVERTER TI NY
T RANS FORMER RECTANGULAR

SPEAJtER

EASY ORDERINGPROCEDURE TOLL FREEH OO-221-17G5
or 24HRSON1-603-673-4730orFAXITTO1-6G3-672-54G6

VISA, MC, CHECK, MOINUSFUN DS. INCLUDE 10%SHIPPING. OR DERS
SlOO.00 & UP ONLYADOS10.00. CATALOGS1.00 OR FREEWITHORD ER.

ADVERTIS ING SALES O FFIC E

Ger nsb ack Publ ications, In c .
500-B B i-County B lvd.
Farmingdale, NY 11735
1-(516) 293-3000
President: Larry Stec k ler

Fo r Advertis ing ONLY
516-293-3000
Fax 1-5 16 -293 -3 115
Larry Steckler

publisher
Christina Estrada

assistan t to the President
Arl ine Fishman

advertising director
Denise Haven

advertis ing assistant
Kelly McQuade

credit manager

Subscriber Customer Service
1-800-288-0652
Order Ent ry for New S ubscribers
1-800-999-7139
7:00 AM - 6:00 PM M-F MST

SALES OFFICES

EAST/SOUTHEAST
Stanley Levitan, Eastern Sales Manager
Radio-Electronics
1 Overloo k Ave.
Great Neck, NY 11021
1-516-487-935 7, 1-516-293-3000
Fax 1-516-487-8402

MIDWESTlTexas/Arkansas/Okla .
Ra lph Bergen. M idwest Sales Manager
Radio-Electronics
540 Frontage Road-Suite 204
Northfield, IL 60093
1-708-446-1444
Fax 1-708-559-0562

PACIFIC COAST/Mountain States
Marvin Green, Pacifi c Sales Manager
Radio-Electronics
5430 Van Nuys Blvd. Suite 316
Van Nuys, CA 91401
1·818-986-2001
Fax 1-818-986-2009

RE Shopper
Joe Shere, Nationa l Representat ive
P.O. Box 169
Idyll wild, CA 92349
1-714-659-9743
Fax 1-714-659-2469

176 Sencore . . ... _. . . . . _. _.. .. _. CV4

Scope Electronics 3

187 SCO Electro nics 78

78 Radi o Shack _ _. _ 23

Sta r Circuits _ 24

177 R.L. Drake Co 31

Global Ca ble Network 83

186 Optoelectr onics CV3

56 Parts Express __ 89

Perfect Cable _ 84

Computer Book Club _ _. _73

NRI Schools 21. 81

ISCET __. __.. _ _. _ 87

117 Mouser _. . _. . _. _. . _ 24

93 Mark V. Electronics _. _ 87

87 MCM Electro nics _.85

189 Hewlett Packard. .. .. _. _.. _. . . . 15

114 Jame co 92

53 MD Electronics 86

HighText Publi cation s, Inc. . . .. . 72

86 Heathkit _ _ _. 14

190 Global Specialties 5

Gra ntham College . _. _. _ 25

121 Fluke Man ufactu rin g . _ _. . CV2

Fordham 3

58 Cook's Institute 39

127 Deco Industr ies .. . _. _. . . . _. _.. . 30

181 EasyTech 95

182 Electronic Goldmine . . _. _" _. 96

Electronics Book Club 8
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Sil o 1/'Z x 11/16' x 3,-9'

G989 $1.00 1001$80

METAL LOCATOR KIT

~
~

Dotoct coins . rng s, buriod frca scre.
0«: . Wrtl titssi'nplo to buildkt TrM!­
sisbized circoit USGS U1iqJo doloclio1
001. 'fthK:tl is YlOU'ld d1rocllyOl'l lop d
PC booK! , Tho Motal LocajcrKil
dotocts metal .,.,;Ih a shit 'n kllle W"lk:tl
is IriIlsmttod kl a stlrdJrd p:>rt.ablo
/>Mradio (}OJ wppIy) . Opof atoo from
n 911baltory (not nckJdod)

(;4515 $5.95

MICRO MINI
fiGH VOLTA GE
POWER SUPPLY

Small 4 lead ~

W'1im It '~?~556 ~77 12VOC kl 2f:I:N for slrobol
Mn lalure powe r supply tkJoroscort tubos 'Nitl
puts out 1CXX:W will"IOl'lty' schematic.
6VOCn. Drawsoriy 85
1T'oIIh3mps 1~4' x 13/16' N1703 $2.00 EACH

G991 $5.00 10 FOIl $18_00

This k. crccocce a dlCking 5OU"Id v.tlidl
is said to attract fISh, Wo haw had
c~klmcrs v.tJohavo reported excescot
rO"'-iltsl FoaturO$ vory bny circuit bead
ilf'IdsmaJ crys.tal sound oloment lIItIictl
Clrl bo plac od 'n a w310r 19'11 i3r:nd
bwo rod ink) !ho wa tor. Opora tos from a
911baltory (not 'ndudod)

C4566 $4.50

FISH CAllER KIT

SECURITY ANDPROTECTION DEVICES
ITM10 100,000 Volt Intimidator upto 20' Assembled $129.50
IPG70 lnvisibla Pain Held Blast WaveG.n Assembl. d $74.50
PSP4K Phasor Sonic Blast Wave Pistol Kil... $59.50
L1 ST10 Infinity Xmtr, Listen in Via Phon. Assembl.d ..... •....$199.50
TAT30 Automatic T.I Recording O. viceAssembl.d $24.50
VWPM7K 3 Mi. FMAutoTel TransmitterKit •............... .$49.50
FMV1K 3 Mi. FM VoiceTransmitterKit .................... .$39.50
H001K HomlnglTrackingBeeperTransmitterKit $49.50
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Model 2300 - 1MHz-2.4GHz
Available with NiCads and AC
Charger Adapter. Complete
Package only....$128.

~I

MODEL 8030
With all the features of the
3000 plus enhanced input
signal conditioning and
enhanced TCXO time base
$579.

Counter Sold
separately

Maximum
Security
Device.
Increase your
frequency
findlnq' by 10
times the distance

or more.
Tunable

Preselector
APS-104
$995.

Accept no substitutes -
Look for the OPTOELECTRONICS
name on the label!

Only OPTOELECTRONICS
.otters you MAXIMIZED SENSITIVITY.

Factory Direct Order Line 1-800-327-5912
FL(305)771-2050 • FAX(305)771-2052

5821 NE 14th Ave.• Ft. Lauderdale, FL33334 ·5% Ship/Handling (Max. $10)
U.S. & Canada . 15% outside continental U.S.A.
Visa and Master Card accepted.

We've Carefully balanced the amount of gain used in our input
amplifiers - too much or too little results in poor performance.
OPTOELECTRONICS' HANDI-COUNTERSTM with maximized
sensitivity give you the maximum range for antenna pick-up.

, Made in the USA

Model 2210A
1OHz-2.4GHz Full range

counter.Price includes
Nicads & AC charger/adapter.

MODEL 3000
Multi-function Counter

10Hz-3GHz, 10 Digit LCD with
frequency, period, ratio, interval
& signal level bargraph....$375.
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. CM2000 €ompui~r·Monitor~==-'..,;...!l
Patented - A Sencore Exclusive!. ;'

. Completely TestAnd Troubleshoot'
-AILHigh Res~iution AndMulti-Seal... . ., .
Computer~onitor.s From The-
Input ConnectorTo THe CRT..!. ~

r - Guarantee~! ~-_. ' .

,.....

.: Complete High Resolution ComputerM onitor A nalyzing
• Fully Pr9grammable Scan Rate And Pixel Resolution <

• Innov ative Performance Testing ~attef!ls
- ! Special Sync-Locked Substitution Signals
, • Patented "Ringer" Test To Dynamically Analyze All:

. e Yo)ces , _. .
. ,IHY.TslFlybacks

. • Switching Transformers
• Integrated 2,000, DGV 'Anc;l pop Meter
• Ex<;lusivC? "Ho9k-up".Adapter.s Availaf e For,All Popular
Monitors . . ~ . - . ....
.~ _ ... ' _ .. ' . , . ... ~ .

• ~ortabf6',rroubleshoot\ng For ~ll'Your Field Service Needs

, ~'.',Call l ~80(j';·SENCORE"ext. ;08' ! . :.~ - 'S E N C Q R E
: ' , -. - - - _". (736-2673 -CIRCLE 176 ON F.REE iNFORMATION CARD 3200 sencore Drive , Sioux Falis South Dakota 57.107
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