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Experiment with high-voltage
electronics and the effects
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F LUKE AN D PHILI P S - T HE GLOBAL ALLIANCE I N TEST & MEASUREMEN T

PHILIPS

Two displays.
One great meter.

FLUKE 45DUAL DISPLAY MULTIMETER

FROM THE WORLD LEADER
IN DIGITALMULTIMETERS

John Fluke Mfg . Co., Inc. P.O. Box 9090 MIS 250C Everett.WA 98206
U.S.: 206-356-5400 Canada: 416-890-7600 Other Countries:
206-356-5500 ~ Copyright 1989.1990 John FlukeMig Co"Inc.
Allrights reserved . Ad no. 00015. IBM PCisaregiste red trademark
01International Business Machines Corporation .

Dual displays provide two accurate
measurements. Combined with 16
different measurement capabilities.
The Fluke 45is making people take a
second look.
The Fluke 45has the specs toget the
job done right. 0.02% basic dc voltage
accuracy and 100,000 count resolution on
both displays. Basic dc current accuracy is
0.05%, making the 45 ideal for servicing
4-20 mA current loops.The Fluke 45 mea­
surestrue-rms voltage and current, including
ac+dc. Closed-case calibration simplifies
the calibration process and increases uptime.
Twice as much information.
The 5-digit,100,000 count dual displays
give you more information in less time-and
with less effort. For example, measure the
VDC output of apower supply while measur­
ing the VAC ripple. Or check the amplitude
and frequency of an AC signal. From asingle
test connection!

More measurement combinations.
With the Fluke 45 complexmeasurements
become simple, with standard features like a
1MHz frequency counter, Min Max, limits
testing (Hi /Lo/Pass),Touch Hold®and
Relative modes.There are 21 different ref­
erence impedances for dB measurements;
inthe 2il to 16il ranges,audio power can
be automatically displayed in watts.The
variety of electrical parameters, measurement
functions and display combinations is
incredible.
Even an RS·232 interface isstandard.
Connecting the Fluke 45 to PCs, RS-232
printers and modems isas easy as attaching
the cable. An IEEE-488.2 interface and
internal, rechargeable lead-acid batteries are
availableasoptions.

Get agreat value.
Contact your local distributor today for com­
pl ete information on the new Fluke 45. Or
call toll -free 1·800·44·FLUKE, ext 33.

$635"

Dual Display

lrue-rmsvoltage andcur­
rent, includingac+dc

0.02% basicdcvoltage
accu racy

0.05%basicdccurrent
accuracy

1MHzfreq uency counter

RS-232 interfacestandard
·SuQoestedU,S. ListPrice

dB, with21 referenceimpedances,
and audiopower calculations

Compare andRelative functions

MinMax andTouch Hold'"
functions

Optional PC software for
RS-232applications

OptionaI IEEE-488.2 interface,
battery pack

One yearwarranty

CIRCLE 121 ON FREE INFORMATION CARD

FLUKc ®
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50 WILL "BEASTIE" SPEAKER CABLES IMPROVE YOUR
AUDIO?
Find out if expensive speaker cables are really worth the money.
Richard A. Honeycutt

61 HOT TROUBLESHOOTING TIPS
A look at the horizontal output transistor and how to use it to speed
your troubleshooting.
Brian Phelps

63 1 VOLT + = ?
A refresher course on standard electric quantities.
Dale Nassar

55 NEGATIVE ION GENERATOR
Experiment with high-voltage electronics and the effects of negative
ions.
Anthony J. Caristi

37 TURN YOUR PC INTO A UNIVERSAL FREQUENCY
COUNTER
Build a frequency-counter/timer board that works with Windows.
Joe Grasty and Bill Schulz

43 AUDIO SWEEP/MARKER GENERATOR
Determine the frequency response of your amplifier or filter design.
John Wannamaker
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ON ,.HE COVER
PC's have become an essential

part of any electron ics test bench.
Until recently, however, PC-based
instrumentation was considered to
be little more than toys with their
limited use and features. That's not
true any longer. Take, for example,
our PC10 frequency counter. It's a
card that fits in an expansion slot in
your PC and operates in a Windows
environment. It can perform direct
counts over 200 MHz, it has a 10­
digit display, and a 2.4 -GHz range.
Because it operates in a computer,
additional features such as data log­
ging are available. Turn to page 37
for details.

THE MARCH ISSUE
GOES ·ON SALE

FEBRUARY 1.

BUILD R-E's VIDEO TELEPHONE
Transmit and receive high-resolution images over standard phone lines!

B UILD A REMOTE-CONTROL A NA LYZER
Examine the output of your IR remote control with this handy device.
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MICROWAVES: PART 4
An in-depth look at solid-state microwave devices.

SEMICONDUCTOR MEMORIES
Take a look at the advantages and disadvantages of CMOS, TTL, and
EEPROM's.

As a service to reader s, RADIO -ELECTRONICS publis hes availab le plans or info rmatio n relati ng to newsworthy products ,
techniqu es and scie nt ific and technolog ica l developm ents. Because of possible variances in the quality and condition of
materi als and workmanship used by readers. RADIO-ELECTRO NICS discla ims any respo nsib ility for the safe and proper
funct ioning of reader-buil t projects based upon or from plans or informati on publi shed in this magazine.

Sin ce some of the equipment and circuitry desc ribed in RADIO-ELECTRONICS may relate to or be covered by U.S. patents,
RADIO-ELECTRONI CS discla ims any liabili ty fo r the infri ngement of such patents by the making. using . or selli ng of any such
equipment or ci rcuitry , and suggests that anyone interested in such projec ts consult a patent attor ney.

RADIO-ELECTRONICS,USSN 0033-7862) February1991.PublishedmonthlybyGemsback Publications, Inc.,500-BBl-Co unry
Boulevard, Farmin gdale. NY 11735Second- Class Postage paid at Farmingdale , NY and additional mailin g off ices . Seco nd-Class
mail regist rati on No. 9242 autho rized at Toronto , Canada. One-year subscript ion rate U.S.A. and possess ions $17.97. Canada
$23 .97, all other countr ies $26 .97. All subscript ion orders payable in U.S.A. funds only, via internat ional postal money order or
check drawn on a U.S.A. bank. Single cop ies $2.95 . © 1991by Gernsback Publicat ions, Inc.All rights reserved. Printed in U.S.A.

POSTMASTER: Please send address changes to RADIO-ELECTRONICS, Subscription Dept., Box 5511 5, Boulder, CO
80321-5115.

A stamped self-add ressed envelope must accompany all submitted manuscripts andlor artwork or photog raphs 'if the ir return is
desired should they be rejec ted. We discla im any responsibil it y for the loss or damage of manuscri pts andlor artwork or
photog raphs while in our possess ion or otherw ise .
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Cable TV
Descrambler Article Parts

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

magazine on building your own Cable TV Descrambler.

February 1984
58-3 Type

701 Parts Pkg.....$19.00
Includes all original parts.

February 1987
Tri-Mode

301 Parts Pkg ......29.00
Includes all original parts.

May 1990
Universal

901 Parts Pkg.....$49.00
Includes all

702 PC Board 7.95
Original 3X4 etched, drilled
and Silk-Screen pc board.

302 PC Board 7.95
Original 5X8 etched, drilled
and Silk-Screen pc board.

902 PC Board 9.95
Improved 4X7 etched, drilled
and Silk-Screened pc board.

704 AC Adaptor..... 7.95
12 to 18 Volt DC @ 200ma.

304 AC Adaptor..... 7.95
12 to 18 Volt DC @ 200ma.

904 AC Adaptor..... 8.95
12 to 18 Volts AC @ 350ma.

701, 702 & 704..... 29.00
All three for special saving .

301,302 & 304..... 39.00
All three for special savings.

901, 902 & 904..... 59.00
All three for special savings.

Tri-Mode Tutorial..7.95
26 pages of in-depth info.

Snooper Stopper... $39.00
Prevent Descrambler detection with snooper
stopper/data blocker and protect your privacy.
Includes free article on Cable Snooping.

Macrovision Kit...$29.00
Macrovision.....now you see it, now you

don't with our macro-scrubber kit.
Originally Published in Radio-Electronics.

Signal Eliminator (tunable notch filters) ••••••••••••••••$29.95
Model number' & channel; #23 (channel 2 & 3) # 46FM (channel 4 to 6 & FM)
#713 (channel 7 to 13) #1417 (channel 14 to 17) #1822 (channel 18 to 22)

1 remote replaces 3... A VCR in every room ..
The MAC 20 wireless remotes replaces any with the first FCC approved wireless home

three combinations; TV, VCR, Cable Converter, broadcast system. 120 ft. range.
Stereo, CD or other entertainment system.

MAC 20 $59.95 VC2000 $99.95

70 Channel Cable TV Converter $89.95
* 6 Function Infra-Red remote.
* Fine Tuning.
* Memory & Recall.

* Compatible with all External Descramblers.
* Channel 3 or 4 switchable output.
* STD, HRC & IRC compatible.
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-<N. Attleboro, Ma. 02761

Outside USA Call 1-508-699-6935

Visa, MasterCard and COD.
Add $4.00 S&H, $6.50 Outside USA.
D & D Electronics, Inc. PO Box 3310,

CALL TOLL FREE 1-800-332-3557
I VISA I I MC I

CIRCLE 184 ON FREE INFORMATION CARD
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WHAT'S NEWS '
A review of the latest happenings in electronics.
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T elephone-Booth
Replacement?

Advanced Co rdless Technologies
(Montv ille, NJ ) began public testin g
of its CT-2 technology in New York
City last fall. Based on two pieces of
equipment-a pocket-sized portab le
pho ne and a " t e le po tnt ." low ­
powered radio transmitt er-the tec h­
nology offe rs an alternative to public
telephone booth s.

The cordless phones use very littl e
powe r, get ting 20 hours or more from
the rechargeable or disposable bat­
teries, and are more private and less
expens ive than cellular phones . The
CT-2 phones must be used w ithin 100
yards of a telepoint.

Each telepoint , which is about the
size of the Manhatt an phone book, .
connects callers to the land-line te le­
phone network. From there, calls are
forwarded to any location wo rldw ide ,
and are reco rded for billing purposes .

A SCALE MODEL SECTION of the super­
cond uct ing super co tllde r' (SSC), the
world 's larges t and mos t powerful part ic le
accelerator that is planned for opera t ion
in Texas in 1998, is examined by ex­
ecutives from West inghouse Electric Cor­
poration. Westinghouse is competing for
the contract to man ufact ure and test more
than 8000 16.5-ton superconducti ng mag­
nets that will guide thin beams of protons
around the SSC's 54-mi le underground
tunnel at close to the speed of light. The
corporation, a leader in prod uc ing super­
co nduct ing magnets, developed the
niobium-ti tan ium alloy wire that w ill be
used in the magnets. Pictured from left to
right are Bruce Boswell, general manager
of the collider dipole magnet divis ion;
Chairman and Ch ief Executive Officer
Paul Lego ; and Dr. John Hulm, ch ief scien­
tist emeritus and director of supercon­
ductivity technology.

Long-life power so urc e
A patented power-source tech ­

no logy deve loped by th e E.F.
Johnson Company, a division of Di­
versi fied Energies, Inc. (Mi nneapo lis,
MN), coup les a unique light -emitting
polymer with so lar-type cells to gen­
erate con t inuous, low-power elec ­
tr ical energy for more than 25 years .
Because the powe r is not genera ted
by a chemical process, it is not adver­
sely affected by extremely co ld tem­
perat ures. It has bee n successfully
tested at temperatures ranging from
- 196°C (the temperature of liquid
nitrogen) to + 100 °C (the boi ling
point of water)

Elect ric ity is ge nerated when a
photovo ltaic ce ll is optically coup led
to a light-emitti ng po lymer. The light,
generated when a phosphor mole-

FIG. 1-E.F. JOHNSON COMPANY'S long­
life , low-power electrical-energy source is
created by combining a light-emitting
polymer material (1) and a photovoltaic
cell (2, 3) that has a light-collecting sur­
face and a pair of electrical con tacts (4, 5).
When the polymer and the photovoltaic
cell are cou pled, an open-circuit voltage is
generated between the two electrical con-
tacts. .

cule is close ly coupled to a hydrogen
iso tope (H-3 or tritiu m) w ithin th e
polymer. Trit ium is a radioactive mate-

. rial that is currently used in a gaseo us
form as the basis of light sources in
watc hes and exit lights in theaters,
and that will require licensing by the
Nuclear Regulatory Commission . In
the new power sou rce , the tritium is
chemically bound into a solid plastic
matrix.

E.F. Johnson has achieved power
outp uts in th e microwatt range­
enough to powe r a pocke t calculator
or watc h, or to charge a capac itor
that wou ld supply per iodic surge re­
quirements and then recharge- and ,
expects to significant ly increase the
powe r outp ut. Whi le no end products
have been created, and commerc ial
usage is several years away, potential
future applicat ions for the long-life,
low-temperature power source could
he in medica l implants, space , com­
puters , and superconduct ivity. R-E



A Shock;~g Offer!

All This and Much More
For ONLY!

• Bookstore Privileges
• Patented Learning Method
• Electronic Bulletin Board
• 24-Hour Grading

39 lesson s, exams, binders and equipment. This
spec ial introductory price includes all the benefits and
assistance CIE normally extends to its students and
graduates. You 'll be entitled to unlimited access to
CIE 's facul ty and staff to assist you in your studies via
a toll free 800 number six days a week , 24-hour
turnaround on grading your submitted exams , CIE
Bookstore privileges , a patented learning method,

reference library, a student, facul ty
and alumni electron ic

bulletin board and a free
issue of CIE's school
newspaper The Electron.
All this knowledge and
support will put you on the
road to understanding
digital electronics,
microprocessing principles,
computer systems, telecom-

munications, and
much , much ,

more .

$

Now for the first time in CIE's 56 year history you do
not have to be enrolled at CIE to receive our introduc­
tory Electronic and Electricity Lesson Modules.
Available for a limited time to non-students for the
shockingly low price of only $99.50.

With CIE's patented AUTO-PROGRAMMED
method of learn ing you'll quickly learn and then
master the basics of electronics and electricity and
then move on to... DC/AC circu it
theories, fundamentals of bi-polar
junction trans istors (BJT), field
effect transistors (FET),
wiring, diagram and sche­
matic readings , component
identification, soldering
techn iques... and much ,
.much, more.
. Your commitment to CIE
ends with your payment, but
CIE's comm itment to your
success just begins when you
receive your

• Free Issue of The Electron
• Build your personal burglar alarm
• Instructors available 6 days a week
• 20 lesson books containing 39

theory and hands-on training
lessons and exams.

------------------ ------------------
$99.50Total Merchandise: _ ---'- _

Ohio Residents add 7% Sales Tax:
California Residents add 6-1/2% Sales Tax: _
Total this order: _

Method of Payment: Amount Enclosed . .. $ _
o Personal Check or Money Order
o Master Card 0 Visa

DDDDDDDDDDDDDDDD

Address: _

City : Apt , #: __

State : ,Zip: _

o Yes, send me CIE's 39 Introductory Electronic
and Electricit y Lessons and Equipment.

Name : _

Age: Phone ( __ ) _ Card Expiration Date: _

1~:_·-: .0~..'.--r ·. · ~)..~ I¥ I ~6~s~t~~:ORE.~2J ~~ Clevela nd, Ohio 44114

~~~~~~~~ (216) 781-9400

BK03

Signature _

• CHARGE BY PHONE! [ VISA]
9 AM to 4:30 PM Eastern Time; from Ohio 1-800-523-9109

from all other states 1-800-321-2155
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Whats new in the fast-chang ing video industry.
.flllj I,' !;!H: IMI:! jill d:

COMMODORE'S CDTV interactive graph ics player is expected to cost less than $1000.
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• European HDTV setback.
Europe's plan for an orderly transition
to HDTV suffered a severe blow with
the announcement that -two British
direct-satellite broadcasters planned
to merge. Sky Channel has been
broadcasting in standard PAL, whi le
British Satellite Broadcasting was
beaming a signal in the expanded ­
definition MAC (multiple analog com­
ponent) system, which separates the
chrominance and luminance signals
to provide a better picture. Under the
merger agreement , the combined
satellite system wi ll transmit in PAL
only, after a transitional period.

BSB's MAC transmissions were
part of a plan to create a new stan­
dard for direct-satellite transmission,
which wou ld eventually lead to a
"compatible" HDTV system-com­
patible with MAC transmissions, that
is. MAC and PAL are incompatible.
MAC has already lost favor in Ger­
many, where broadcasters are using
Luxembourg's Astra satellite and
transmitting in PAL. At this time , only
France is stil l committed to MAC. Un­
der the European Eureka project. the
newall-European HDTV service, HD­
MAC, was to be phased in about
1992. Now everyt hing is up in the air,
so to speak.

• J apan's HDTV receivers.
Whi le the European HDTV system
was to have some measure of com ­
patibi lity (even if only to MAC trans­
missions), Japan's Hi-Vis ion HDTV is
compatible with nothing, and will re­
quire all-new TV sets, VCR's , vid ­
eodisc players , and so forth . Hi­
Vision is being broadcast by NHK,
the government -chartered broad­
caster, by satell ites. Japanese TV set
makers have now introduced the first
consumer model Hi-Vision rece ivers ,
priced generally i n the
$17 ,000-$35,000 range, promising
prices could be cut in half in about a
year.

Newspaper and magazine reports
bemoan how far " behind" the United
States is as compared to Europe and
Japan in instituting HDTV broadcast­
ing, but they neglect to mention that

the American project is far more am­
bitious than the others . The U .S .
plans to integrate HDTV broadcast­
ing with conventional transmissions ,
broadcasting from terrestrial TV sta­
tions rather than instituting a com ­
ple tely new incompatible satellite­
transmitted service . Officia l testing
of proposed American HDTV sys­
tems is scheduled to start in March.

• Multimed ia . That's one of to­
day's mag ic words, and no one
knows how it's going to affect the
future of te levision, video , or comput­
ing. At least three systems designed
to combine video motion, audio, and
interactivity are scheduled for major
introductions this year. CDTV, which
stands for " Commodore Dynamic
Total Vision, " is scheduled for intro­
duction early th is year, as an exten­
sion of the Amiga computer system
in an attachment for TV sets, with
such programs as encyclopedias ,
cookbooks, atlases , and sophisti­
cated video games . The hardware is
scheduled to cost less than $1,000
to start, with CD-ROM programs at
$2 5 to $100 each. CDTV has half­
screen full-motion or full-screen half­
motion (15 frames per second). The
competing CD-I (Compact Disc Inter­
active), backed by Philips and Sony,
wi ll debut in the second half of th is
year, probably without full motion, but
a full-motion adapter will be added
later.

Meanwhile, Intel introduced a two­
chip set to bring its Digital Video In-

teractive (DVD system to personal
computers at a premium of less than
$1,000 at the start. The DVI chips
permit interaction with full -motion
video , as well as storage of digital
video on PC's. Thus it seems that the
TV set moves closer to the computer,
and the computer closer to the TV
set.

• Digital VHS sou nd. You can't
buy it now, but perhaps in a few
months there will be another feature
for VHS video recorders . At the re­
cent Japan Audio Fair, both JVC and
Hitach i demonstrated VCR 's with
digital audio, and Matsushita (Pan­
asonic) has a similar system. The new
digital sound is for Super VHS re­
corders , whose expanded video
bandwidth provides enough addi ­
tional space for its 16-bit PCM sys­
tem. The 8mm format already has
PCM audio with an 8-bit system. The
VHS group is reluctant to commer­
cialize digital audio because of the
dispute over digital-audio recorders
and copyright protection, but there is
anticipation that it will be offered
starting this spring . The PCM audio
system, standardized for S-VHS re­
corders, uses a 48-kHz sampling fre­
quency, and depth -multiplex record­
ing to place the video and audio
sig nals o n di fferent layers of the
tape's magnetic coa ting . The two
other soundtracks (linear and helical
FM) of the VHS recordi ng standard
will be unchanged to maintain com­
patibil ity. R-E



Bright Krypton
Bayonet-Style
Lamps for Flash­
lights. Use in
place of standard
lamps for super
brightness . For ex­
am ple , K4 re­
pl aces sta nda rd
PR 4. Each 79c

(2)* (3)

(1)

, ~~!'!'~h~I!!~~~!"O",f ~P"'"
electronic compone nts. Plus, we can special-order 10,000 items
from our warehou se- ICs, tubes, semiconductors , phono car­
tridges and styli , even SAMS~ manuals. Service is fast and
there 's no minimum order or postage charge.

.BATTERY HOTLINE
l in addition to our large in-store stock , Radio Shack can now

supply almost any currently manu factu red consumer- type
battery-for cord less phones, computer memory , camcorders ,
transceivers, pagers and more. No postage charge!

1991 Semiconductor Reference
Guide. A " must" for electronics build­
ing and repair. This new edition gives
you a 95,OOO-item semicond uctor sub­
stitution guide plus detai led data on
Radio Shack ICs, SCRs, LEOs, diodes,
transistors and optoelectronics.
#276-4014 3.99

BenchlPortable LCD Digital YOM.
Our best mult itester! Displays trans is­
tor gain directly and has diode-check,
memory and cont inuity functi ons.
Autoranging or manual modes. Mea­
sures to 1000VDC, 750VAC, 10 amps
ACIDC and resistance.
#22-195 99.95

4-in -1 Soldering Tool. Operates any­
where on standard butane lighter fuel.
Refills in seconds . #64-2161 . . 29.95
(1) 1.0 mm Tip . #64-2163 .. .. . 9.95
(2) Blow Torch Tip , #64-2168, (3)
Heat Blower, #64-2169, (4) Hot
Knife, #64-2170 available on specia i
order Each 9.95

Type Volts rnA Cat. No.
K4 2.33 480 272-1169
Kl 2.4 600 272-1156
K2 2.4 830 272-1157
K3 3.6 800 272-1158

K15 4.8 700 272-1162
K12 6.0 650 272-1163
K18 7.2 700 272-1164

"m
III
::0
C»
::0
-<

••
Electronic Counter Module. Pre­
wiredl Great for a traffi c or event
counter. Counts up to 99,999. Ad­
vanced (or reset) by external switch
closure or digital ci rcuit. Accepts
count rate up to 7 Hz. Has ' /2" liquid
crystal display. Requires " AA" bat­
tery. Low current drain-only 4 IlA.
With data . #277-302 16.95

Mercury Bulb Switch. Just the thing
for exper iments and alarms. Con­
tacts rated 5 amps at 125VAC. Style
may vary. #275-027 1.29

Surface-Mount Res istors. 200­
piece assortment! Popular values,
rated '/8watt, 5% . #271-313, Set 4.99

(3)(,.- IIIIIIr(.\" (2)
··r~ rl.

(1) Precision Thermistor. Range:
-50 to + 110°C. #271-110 . . . . . 1.99
(2) High-Speed 12YDC Motor. Up
to 15,200 RPM at no load. About 2"
long (with shaft). #273-255 . . . 2.99
(3) 12VDC Brushless Micro Fan.
Ideal for cooling mobile equipment
and hum-sensitive circuits. 4.6 CFM.
150 rnA. #273-244 17.95

lIafl,e.IIJaeK
AMER,eA'5 TEeHNDLDGV STDRE~

~-------

(1)

(3)

(1) Dual Mike Cable. For balanced
hookups. 30 ft. #278-1281 . .. 19.95
(2) Super-Flex Mik e Cable . Extra­
supple . 30 ft. #278-1282 .. . . 14.95
(3) 4-Conductor Double-Shielded
Cable. 30 feet. #278-777 . . .. 7.95
(4) Magnet Wire Assortment. 22,
26, 30 gauge . #278-1345 . . . . . 4.99

Six -Outlet Power Strip With Spike
Protector. Noise fil ter, breake r.
Rated 15A. #61-2780 29.95

Piezo Speaker.
Only 131132" -dia.
by 5/64" thin . This
h i g h- ef f ic i en c y
d evi c e c a n b e
driven by ICs. 500
Hz to 20 kHz. 1200
ohms.
#273-091 . .. 2.49

(1) Min i-Clip Test Leads. 48" long.
Mini test clip at one end, bana na plug
at the other. Includes pin-ty~e plug
adapters. #278-1160 . . . . Palr /3.99
(2) Test Probes With Coiled 6-Ft.
Leads . #278-750 Pair /4 .99
(3) Deluxe Soft Carrying Case. Per­
fect for multitesters. #22-149 ... 7.95

10-Amp Plug-In
DPDT Relays.
With 12VDC Coil.
#275-218, 5.99
With 125VAC Coil.
#275-217, 5.99
Relay Socket.
#275-220, 1.79

(1) •-. (1)
(2) eOP ~
(3) n 3' (3)

~ (4) (5)
(2)
~.

Since 1921 Radio Shack has been the place to obtain up -to-date
electronic parts as well as quality tools, test equipment and accessor ies
at low prices. Over 7000 locations to serve you-NOBODY COMPARES
Pricesapply at participatinu Radio Shack stores and dealers . RadJO Shack is a division of Tandy Corporation

Replacement Rod Antennas. For
cordless phones , radios , portable
stereos , walkie- talkies and your own
custom projects . 16 styles in stock!
(1) 30'/2" . #270-1401 2.99
(2) 13" . #270-1407 2.79
(3) 235/8" . #270-1417 3.49
Battery Holders. Ideal for projec ts,
for replacement or for build ing exter­
nal power packs . Our store near yo u
has 15 di ffe rent styles in stock!
(4) Holder for 8 "AA" Cells. 9V­
type snap connector. #270-407, 1.29
Replac ement Fuses. For appl iances
and vehicles. Over 60 values in stock!
(5) 10-Amp Fuse for Microwave Ov­
ens. #276-1256 . . . . . Pkg . of 2 /1.29
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The country honors its technicians with the celebration of
National Electronics Technicians Day.

• Consumer-Subjects covered
include antennas and transmis­
sion lines, digital and linear cir­
cu its in consu me r products , TV
and VCR servicing problems an d
use of test equipment.
• Industrial-Subjects include
transducers , switches, power
factor, differential amps, closed­
loop feedback, b a s ic logi c cir­
cu it s and functions, eleme n ts of
numeric con trol, thyratrons, and
SCR con trols.
• Communications-This test
covers two-way transceiver theo­
ry an d servicing, receivers, trans­
mi tters, bas ic commun ication s
theory, d evia tion sens i ti vi ty,
quieting, an d troubleshooting.
• FCC Legal-This is a 25-ques­
tion op tional exam cover ing FCC
regulations. Appli can ts must
take the As sociate exam , the

The CETexam
To become certified by ISCET,

one must pass both a 75-ques­
tion Associate-level CET tes t, an d
a 75-question Journeym an-level
test. Each multiple-choice exam
must be passed with a grade of
75 % or b etter. An elect ron ics
technician or student with les s
than four years of ex p er ie nce
may apply for the Associate-level
exa m, cove r ing t he followmg
subjects :

technical em ployees to be ce r­
tifie d by IS CET.

• Basic Mathematics
• DC Circ u its
• AC Circuits
• Transistors and Semiconduc-

tors
• Electronic Components
• Instruments
• Test and Measurements
• Troubleshooting and Network

Analysis
A fu lly certifi ed technic ian

must also pass one or more of the
several Journeyman options
availabl e in specialized fields of
electronics . A Journeyman ce r­
tified technician must also have
fou r or more years of education or
experience in electron ics . The
Journeyman options t h a t are
ava ilable a re :

(NEA), ISCET was founded in
1970 by a com m ittee of Cert ified
El ectronics Technicians , whos e
main purpos e was to foster re­
s pect an d ad m ira t ion for their
profess Lo n . By m aintainin g
ri gorous s t an d a r ds in its cer­
tific ation program, ISCET is ab le
to separate the highly skilled an d
knowled geable technicians from
th os e with less ex per ien ce . IS­
CET's main functions include di­
rection an d administration of the
CET program, the national ap­
prentice and traintng program,
the technical information train­
ing an d upgrading programs ,
and the serviceability inspection
programs.

Th e CET program was de­
signed to measure the degree of
theoretical knowledge and tech­
nical proficiency of pra cticing
tec h n ician s . A technician with a
CET certificate is thought of in
the in dust ry as one who pos­
sesses the train in g and expe r tise
necessary to perform th eir job
with professional competence.
Since its inception in 1965, the
CET program h as become more
Widely accepted by technicians,
manufacturers, and consumers.
Many organizations en cou rage,
and sometimes require , the ir

What is ISCET?
As the proud offspring of the

National El ectronic Associa tion

I N HECOGN ITION OF ITS NEAHLY

28, 000 members , the Intern a­
tional S ociety of Certified Elec­
tronics Technicians (IS CET) is
lobbying for a joint resolution of
Congres s to d esignate March 5,
1991 as National Electron ics
Technici ans Day. Congre ssmen
Martin Frost and Pete Geren
(Texas) have whol e-heartedly
agreed to serve as the original co­
sponsors of th is bill in the House.
Senate approval is also required
for this special legislation, an d
ISCET is seeking an or iginal Sen­
ate sponsor for this bill.

ISCET's ch a irman, Leonard
Bowdre , hopes that by officially
declaring March 5, 1991 as Na­
tional El ectronics Technici ans
Day, n ationwide recognition will
be focu sed on the high standards
of performance and excellen ce
maintained by professional tech­
nicians. Most people underesti­
mate our country 's n eed for
highly skilled a n d spe cially
trained elec t ro n ics technicians ,
who playa vital role in the elec­
tronics manufacturing, testing,
and s ervicing industry.

If)

g
zoa:
I­
a
w
-I
w ISCET AWARDED MISSION SPECIALISTS George D. Nelson and James D. Van Hoften .
6 titles of Honorary Certified Electronics Technicians for servicing and repairing the Solar
~ Max satellite. Their 305·mile high 5·day service call cost $45 million, but saved the cost of
a: replacing the 5,000 pound, $300 million satellite.
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Business _

Address _

Name _
."
m
OJ
JJ
c:
>
~

Cit y St.lte __ Zip _

Phone Memb er: r: ISCET; 0 NESDA
Texas residents mult iply dollar value x 7'1. % for taxes.
Forei gn shipments please add Int ernati onal posta ge.

Send to : lSCET, 2708 W. Berry St., Ft. Worth TX 76109

ISCET

VCR
Cross Reference

VCR Model Number Cross Reference
and VCR Parts Cross Reference

UPDATED - Feb. 1990. 272­
page reference guide. $35
plus $3 shi pping.

DISC - IBM-compatible disc
wit h expandable data base.
$99 plus $1 shi ppi ng.

COMBO OFFER: Book and disc
fo r only $125 plus $3 ship­
ping.

MORE INFO? Contact ISCET.
2708 Wes t Berry St .

Fort Wo rth TX 76109
(SI7) 921-9101

_ _ _ _ _ ___ Exp.

neering) who were awarded the
titles of Honorary Certified Elec­
tronics Technicians. Figure I
shows these astronauts being
honored by ISCET.

The astronauts we re re cog­
nized by the ISCET Board of Gov­
ernors for their exemplary perfor­
mance in space during the peri od
of April 8-12, 1984, when the So­
la r Max satellite was serviced, re­
paired, and returned to Earth's
orbit. They were cited for the ex­
tremely difficult and delicate
work required to repair the elec­
tronics box for the coronagraph­
polarim eter, an instrume nt that
was not designed to be repaired
in space.

Whil e worki n g ou ts ide the
space shuttle Challenger, where
the 5 ,000 pound So lar Max was
b er thed, the astronauts u s ed
special power tools des igned for
weightless conditions to repa ir
electronic ins tru men ts . The sat­
ellit e was res tored to operational
heal th for the first time in th ree
years, an d a dded years to its
usefu l lifetime. R-E

AliO:"4=6 : e:ksd'ei i::r'Ywh;; ~in"gpe~~.:rche~l;"o~v'rnA
and MasterCard. Money orders and cashiers checks
processe d immediately.

;-\.".ATlO....,f'"

..~·..(;n,- ·
~ _'O. NESDA'7' "Deli'" ~":t.

lot it l nJlfn ~~ t ~ tlt ptf'tnh llp d

Certified Electronics Technldan

__..1.It~LM. _...__...-_..._--_...­_.... .._--_.. ._.__.

---::.~)

~ t5i.t tnt i o n ~l). _u ....... ..

The world's farthest service call
ISCET not only acknowled ges

those who have successfully com­
pleted their certification exam ,
but those who h ave exhibited
outstanding techn ical achieve­
men t. Such is the case of Mission
Spec ialists George D. Ne lson
(Phd, Astronomy) and James D.
Van Hoften (Phd, Hydrauli c Engt-

Don't underes timate the diffi­
cu lty of the CET exam. Every year
over 6, 000 exams are taken by
h opeful technicians, b ut on ly
30 % of those taken pass-it's not
an easy test. The best way to pre­
pare for this exam is to study d ili­
gently. Tab Books, In c. publi shes
The CE T Stu dy Gu ide, by Sam
Wilson , which will help you pre­
pare for both tests . ISCET also
has a d d it ib na l s t u dy g uides
ava ilable for a nomin al fee.

If you 're interested in taking
the CET exam, you ca n contact
anyone of IS CET's volunteer test
administrators listed in this arti­
cle for details. The exams are
schedu led to be given the week of
Marc h 5 , 1991. There are many
mo re test a dmi nist rators
th roughout the country than we
hav e provid ed. Thos e lis ted in
this article a re just the ones who
will be giving the exams during
the week of March 5 . For any ad­
d it ion al information you may
need , you can contact ISCET at
2708 West Be rry St. , Forth
Worth, TX 76109; phone (817)
92 1-9101.

Now that we have all of the for­
malities out of the way, let 's take a
look at h ow ISCET honored two
tech n icians who have gone above
an d beyond their ca ll of duty.

LARRY STECKLER, editor-in-chief and
publisher of Radio-Electronics magazine,
received this CET certificate back in 1975.

you have successfully completed
the Communications option, an
additional fee of $10.00 is also
required.

Co m m u n ications optio n, and
the FCC Legal exam to receive a
gene ral rad io-teleph one licens e.
• Computer-This test covers
ope ration of comp uter systems
wit h b as ic em phas is on h ard­
ware. Subjects covered include
basic ar it h metic an d logic ope ra­
tions, computer organ iza tion,
input a n d output eq ui p ment,
and memory and storage . So me
knowledge of software and p ro­
gram mi ng is requ ire d, and the
ab ility to explain troubleshooting
p rocedures is required.
• Audio-Products covered in
th is option inclu de turntab les,
tape decks , compact discs , a nd
rad io s. The exam cons ists of
b oth digi tal an d analog sections,
a mp li fie rs a n d sou n d quali ty,
system set-u p, speaker in s talla­
tion . and troubleshooting audio
systems.
• Medical-The p r ior i ti es of
th is option are electrical safety
a nd accuracy of calibration for
electromedical ins truments. The
techn icia n mus t be familia r with
basi c vocab u lary of medical in­
stru mentation , telemetry, m ea­
surements , d ifferential and ope r­
ational amplifier applications.
• Radar- A general knowledge
of both puls e rad ar and contin u­
ous radar is necessary to take
this J ou r n eyman option . The
test covers transm itters and re­
ceivers , CRT di splay systems and
their power su pplies, anten nas ,
trans mission lines a nd t hei r
character tsttcs,
• Video-The rapidly growing
field of vide o is covere d by this
exam. The te chnic ia n needs to
know NTSC stan dards, video
basics, test signals, and the ope r­
ations of both the electronics and
mechan ical systems in VCR's .
Also covered a re 8m m video, cam­
corders, cameras and monitors,
a nd the m icroprocessors used in
video products .

The fee for the CET exam is
$25 .00, which includes both the
Assoc ia te exam a n d a nyo ne
J ourneyman option, if taken in
one sitting. If the J ourneyman
option is taken separately from
the Associate exam, each test is
$25 .00. Each additional Jour­
neyman option is $25.00. If you
fa il any por t ion , the first retake is
free, afte r a 60- day wai ting
pe r iod . The fee for any additional
retake is $ 12. 50. If you choose to
ta ke the FCC Legal exam after
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ISCET CERTIFIED ADMINISTRATORS FOR THE CET EXAM

Melvin E. Talbert , CET Charles R. Schlieper, CET
Heilig Meyer Service Co. Temple Jr. College
PO Box 64189-2858 , Owen Dr. 2600 South First
Fayell eville , NC 28306-0189 Temple, TX 76504
(919) 483-0801 (817) 773-9961 Exl. 255

Jacob Klein, CET
Northcentral Tech College
1000 Campus Ave.
Wausau, WI 54401
(715) 675 -3331 Exl. 263

James C. Shambow, CET
ITT Tech. Insl.
12720 Tech. Insl.
12720 Gateway Dr. Suite 100
Seallle , WA 98168
(206 ) 244-3300

Duane Busby, CET
2027 Sherman Ave.
Mad ison, WI 53704
(608) 244-0339

Preston Wallace , CET
1757 Triple Crown Dr.
Corpus Chr isti, TX 78417
(512) 852-8022

Larry Geissler, CET
Indianhead Tech. College
600 N. 21st SI.
Supe rior, WI 54880
(715) 394-6677 Exl. 275

Jim Teeters, CET
2937 E. Malden Ave.
Norfolk, VA 23518
(804) 428-5772

Del Dressel, CET
Oak land TV
PO Box 110970
Tacoma, WA 98411-0970
(206) 840-4975

Leonard Laabs, CET
Walla Walla College
204 S. College Ave.
Co llege Place, WA 99324
(509) 527-2712

Michael Szymkewicz, CET
Olymic College
16th & Chester
Bremerton, WA 98310
(206) 478-4802

Richard K. Evans, CET
PO Box 217
Wilkenson, W. VA 25653
(304) 752 -7267

Thomas C. Underwood, CET
Sony Serv ice Company
3201 Premier # 100
Dallas, TX 75063
(214) 550-5270

Ceci l C. Poe, CET
1012 McClain Dr.
Sunnyvi lle, WA 98944-1270
(509) 839-3995

David E. Nida
National Education Center
5514 Big Tylor Rd.
Cross Lanes, W. VA 25313
(304) 776-6290 Exl. 24

F. Gilbert Smith, CET
822 Creekridge Dr.
Dallas, TX 75218
(214) 348-7734

Frank Sosolik Jr.. CET
T.S.T.1.Servici ng Depl.
Box 4454
Waco, TX 76705
(817) 799-3611

Leonard M. Cowherd, CET
Peidmont Tech. Ed. Center
PO Box 999
CUlpeper, VA 22701
(703) 825-0476

Arthur J. Ruppert, CET
30217 SI. Andrews
Georgelown , TX 78628
(512) 495-1679

Rodger W. Minatra
Collin County Comm . College
2200 W. University
McKinney, TX 75070
(214) 548-683 0

J.w. (Dub) Newson, CET
1310 19th SI.
Lubbock, TX 79401
(806) 763-8246

L.A. Leibensperger, CET
Lincoln Tech. Insl.
5151 Tilghm an SI.
Allentown, PA 18104
(215)398-5300

Thom as Plant, CET
29 Dean SI.
Pawtucket, RI 02861
(401) 723-3500 Exl. 333

Donald Haag, CET
RR 3 Box 92
Watertown, SO 57201
(605) 886-8932

William S. Warren, CET/CSM
2540 Sutherland Ave.
Knoxv ille , TN 37919
(615) 546-1121

Joseph H. Hudson Jr., CET
1500 Yarboro ugh Dr.
Sherman, TX 75090-5545
(214) 892-935 6

Gene Hedgepeth, CET/CA
RD 4-639 E. Alberdeen Rd.
Mountaintop, PA 18707
(717) 868-6566

Larry Broschart, CET
14124 NE Knoll SI.
Portland, OR 97230
(503) 255-6713

Roy W. Yonce
Oklahoma Jr. College
PO Box 470992
Tulsa , OK 74147
(918) 663-9500

Joseph Carney III, CET
Radio Meter America
6365 Mills Creek Lane
N. Ridgeville, OH 44039
(216) 871-8900 Exl. 241

A.C. Falcions , CET
Falcon Electronics, Inc.
3266 Kent Rd.
Stow, OH 44224
(216) 688-245 1

Andrew M. Flock, CET
Hickok Tech. Inst
5100 Pearl Rd.
Cleveland, OH 44129-1240
(216) 351-4600

David J. Garwacki, CET
4846 Oak Glen Dr.
Toledo, OH 43613-3048
(419) 475-9221

Robert D. Jerig, CET
697 Villa Ave
Akron, OH 44310
(216) 762-5816

J.R. Manchester, CET
University of Akron
PO Box 61
Akron, OH 44309
(216) 745-0053

J-S. Glosemeye r, CET
East OK Cnty Vo Tech .
4701 N. Choctaw Rd.
Choctaw, OK 73020
(405) 390-959 1

Linda Dickinson
Craven Community College
PO Box 952
Havelock, NC 28532
(919) 447-5559

Ralph V. Pollmiller, CET
Ralph's Electronics
PO Box 633
Jacksonville, NC 28540
(919) 455-2828

Wayne Smith, CET
224 SI. John SI.
Arden, NC 28704
(704) 255-7671

R.J. Chenoweth, CET
Chillicothe Area Vo Tech
1200 Fair SI.
Chillic othe, MO 64601
(816) 646-3414

James D. Everett, CET
Plall e Cnty. Avt, School
PO Box 1700
Plall e City, MO 64079
(816) 329-4646

James Blanger, CET
Beltroni cs, Inc.
19 Proctor Hill Rd.. Box 330
Hollis, NH 03049
(603) 465-2422

Carl Meyer, CET
11 Hemlock Dr.
West Seneca, NY 14224
(716) 674-7113

Gregory J. Reiber, CET
Bryant & Strall on
5775 South Bay Rd.
Clay, NY 13041
(315) 452-1105

Larry Steckler, EHF/CET
Radio Electronics Magazine
500 B Bi-Count y Blvd .
Farmingdale, NY 11735
(516) 293-3000

Hubert West, CET
Adirondac k, Comm . College
Bay Road
Glens Falls , NY 12801
(518) 793-44 91 Exl. 626

John H. Spurlin , CET
wayne County Comm. College
8551 Greenfield
Detroit , MI 48228
(313) 496-2691

Bob Bellers, CET
Washtenaw Comm. College
4800 E. Huron River Dr.
Ann Arbor, MI 48106
(313) 973 -3316

Dr. Joel Go ldberg, CET
6762 Red Cedar Lane
Union Lake, MI 48085
(313) 360-2 092

E. Eugene Ranta, CET
Macomb Comm. College
14500 Tweive Mile Rd.
Warren, MI 48093
(313) 445-7455

Walter E. Reilly III, CET
Lansing Comm. College
901 Cleveland SI.
Lansing , MI 48906-5 431
(517) 485-9551

Willard Rush , CET
Oakland College
3361 Aspen-6304
Lake Orion , MI 48359
(313) 391-2152

Earl Tickler, CET
Rets Tech. Tram Center
1520 S. Caton Ave.
Baltimore, MD 21227
(301) 644-6400

Robert A. Ciufell i
444 Fairmont SI.
Fitchburg , MA 01420
(508) 674-1000 Exl. 250

Frank Serra, CET
Serra 's TV Video
1686 Mass. Ave.
Cambridge, MA 02138
(617) 492-266 1

M.G. McCann Jr.. CET
McCann Electron ics
100 Divis ion SI.
Metairie, LA 70001
(504) 837-7272

James R. Sorrels, CET/CSM
110 Oakridge Dr.
Shreveport , LA 71106-7113
(318) 686-4637

Gordon L. Burgess, CET
Great Northern Paper Co.
E. Mill inockel. ME 04430
(207) 769- 9912 Exl. 1300

Stanley Creitz, CET
NCK Area Vo Tech . David Lewicki, CET
PO Box 507, West Campu s Dr. 9830-26th Ave.
Beloit, KS 67420 Plymouth , MN 55441
(913) 738- 2279 (612) 627-2778 Exl. 5210

Edward J. Kimmel, CET
2061 Eastern Parkway
Louisvill e, KY 40204
(502) 451-3457
Test Day Feb. 24th

Lamarr W. Ritchie , CET
Hazard State Vo-Tech School
101 Vo-Tech
Hazard , KY 41702
(606) 436-3101

W.H. Hartzf eldt, CET
Delta-Ouachita Vo Tech.
609 Voc ational Pkwy.
W. Monroe, LA 71291
(318) 396-7431

Steven B. Lumpkin, CET
164 Acadian Dr.
Lafayelle, LA 70503
(318) 233-6942

Keith E. Knos, CET
Knos Electronics
1206 Elm Blvd.
Liberal , KS 67901
(316) 624- 5908

Paul K. Tan, CET
915 Augusta SI.
Oak Park, IL 60302-1678
(312) 848-6327

Paul R. Towbridge
lnst, of New Cinema Artists
407 E. 25th St.. 6th Floor
Chicago , IL 60616
(312) 225-3400

Frank Teskey, CET
F.J. Teskey Enterprises
3094 Lafayell e Rd.
Indianapolis, IN 46222
(317) 926-2639

Leonard E. Bawdre, CET
125 SE Tho rnton Ave.
De Moine s, IA 50315
(515) 964-6484

Gerald P. Breitb ach, CET
KDTH Radio Station
8th & Bluff SI.
Dubuque, IA 52001
(319) 588-5694

Michael L. Baughm an, CET
KS City Area Vo Tech
2220 N. 59th SI.
Kansas City, KS 66104
(913) 334-1000

Daniel B. Mundy, CET
Norman's Electronics
3653 Clairmonnl Rd. NE
Allanta , GA 30341
(404) 451-5057

James Peek, CET
Panasonic
4245 E. International Blvd.
Norcross , GA 30093
(404) 717-6858

Joe T. Reese, CET
Reese Elect . Inc, Box 499
129 South Green SI.
Swainsboro , GA 30401
(912) 237-7010

W.R. Rooks, CET
Shiloh Rd. Rt 6
Box 181
Americus, GA 31709
(912) 928-028 3

James P. Van Sant , CET
Pickens Tech.
240 Burnt MI. Rd.
Jasper, GA 30143
(404) 692-3 411

James D. Hite, CET
Pinellas Vo-Tech
6100 1541hAve. N
Clearwater, FL 34620
(813) 531-3531

Karl A. Hunter, CET
FL Comm. Colleg e
2007 Catlin Dr.
Jacksonvill e, FL 32211
(904) 744-8480

Perry "Jim" Parks, CET/CA
Nu-Pro Service
1055 Hwy 434
Winter Springs , FL 32708
(305) 699-8811

Noel Shevack
New England Inst of Tech.
1126 53rd CI.
Palm Beach, FL 33407
(305) 842-8324

Dennis P. Abell , CET
3433 Royal Oak Dr
Titusville, FL 32780
(305) 269-4208

Edward Guar y Jr., CET
Eddy's Radio & TV Service
1110NE 4th Ave
FI. Lauderdale , FL 33304
(305) 463·2998

Douglas E. Minter, CET
Amer. College of Tech .
102 N. Center
Bloomington, IL 61701
(309) 828-5151

FA Schwarzkopf, CET/CA
Triton College Rm T-201
2000 Fifth Ave.
River Grove, IL 60171
(312) 767-4126

William J. Neilsen
404 S. Main
Moscow , 10 83843
(208) 882 -2123

Art Sorensen, CET
1416 N. Lincoln Ave.
Loveland , CO 80538
(303) 669-0883

John F. Stackhouse, CET
ITT
2121 South Blackhawk
Aurora, CO 80014
(303) 695-1913

Anthony R. Valdez, CET
1919 Rolling Hills Rd.
Cortex, CO 81321
(303) 565-8457

John E. DePalma, CET
CT School of Electronics
586 Ella Grasso Blvd.
New Haven, CT 06519
(203) 624-2121

Silvino Alonso
CA Business lnst,
3550 John son Ave.
EI Monte, CA 91731
(818) 444-7779

Howard Bardach, CET
The Audi o Specialist
4381 Tujunga AVG.
Studio City, CA 91604
(818) 763-3009

C.S.E.A.
Tambra Oberlander
13666 S. Hawthorne #3
Hawthorn e, CA 90250
(213) 679-9186

John V. Craig , CET
Oxnard College
4000 S. Rose Ave.
Oxnard, CA 93033
(805) 986- 5807

Anthony J. Haag
PO Box 27264
Concord, CA 94527-0264
(415) 682-9010

David Marson , CET
Golden State School
3916 S. Chester
Bakersfield, CA 93307
(805) 833-0123

Fred Potter, CET
Ameritech College
6843 Lennox Ave.
Van Nuys, CA 91405-4043
(818) 901-7311

T. Van Iderstine, CET
Southwest State Tech College
925 Dauphin Island Pkwy
Mobile, AL 36605
(205) 947 -4441

Jim Gorman
Eastern AZ Co llege
600 Church SI.
Thatcher, AZ 85552
(602) 428-1133

Frank Grabiec, CET
Dyna-tron ics
1704 E. Claremont
Phoen ix, AZ 85016
(602) 279-4176

H.J. Paine, CET
4631 E. 8th SI.
Tucson, AZ 85711
(602) 881-6784

Kevin J. Price , CET
N.E.C.
825 E. Hospitality Ln.
San Bernardi no, CA 92408
(714) 885-3896

Lynn Reynolds
Woodruff Region Occup.
Cntr. 302 W. Weber
Stockton, CA 95203
(209) 944 -4612

Frederick J. Smith , CET
Ed. DeptlCA Mens Colony
PO Box 8101
San Luis Obispo , CA 93409
(805) 772-2009

Jon R. Sturt z, CET
10840 Alandal e way
Rancho Cordova, CA 95670
(916) 635-6000

Donald Surelle, CET
2728 Panay CI.
Carmichael, CA 95608
(916) 487-6959

Charles Fell ers, CET
Mesa State College
PO Box 2647
Grand Junction, CO 81502
(303) 242-9307

Rick Page
Techni cal Trades Insl.
2315 E. Pikes Peak Ave.
Colorado Springs, CO 80909
(719) 632-7626
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Membership Benefits • Big Savings. In addit ion to this introductory
offer, you keep saving substantially with members' prices of up to 50% off the
publ ishers' 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 Bulle tins. 15 times per year you will receive the Book Club News, describ­
ing all the current select ions-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 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 12 months and
may resign at any time thereafter. • Ironclad No-Risk Guarantee. If not satisfied
with your books, return them with in 10 days without obligation! • Excep tional
Quality. All books are quality publishe rs' edit ions especially selected by our
Editorial Board. (Publishers' Prices Shown)

For over 25 years , your most complete
source for electronics books.

SELECT 5 BOOKS
for only $495

(values to $127.70)
and get a FREE Gift!
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15 Easy Electronic Projects
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ASK R-E
Write to Ask R-E, Radio-Electronics, 500-B Bi-County Blvd., Farmingdale, NY 11735

FIG.1-THE LM1881 SYNC SEPARATOR,made by National Semiconductor, requires very \
few components to make it work.

ator, I have to be able to identi­
fy the sync on the incoming
video. Any ideas?-C. Bald­
win, Bangcock, Thailand

Fortunately for you , what you're
tryi ng to do is fairly common. While
it's possible to des ign your own sync
separa tor, it wou ld be a lot of un­
necessary work because there are
chips around that can do the job for
you.

Remember that stripping sync is
someth ing that's done in every TV set
on the market and, as a result, semi­
co nductor manufacturers have
jumped into the market with single­
chip solutions to the problem. Sev­
eral com panies make them, but the
one I usually use is the LM1881 made
by Na tiona l Semiconductor. I 've
found it very easy to put in a circuit
and fairly tolerant of variations in sync
levels and signal voltage s.

The pinouts of the chip are shown
in Fig. 1 and I've also drawn in the
components needed to make it work.
As you can see, all it takes is two
capac itors and one resistor. Nothing
cou ld be simpler but you still should
write to National Semiconductor to
get a data sheet for the IC (National
Semiconductor Corporation , 2900
Semiconductor Dr ive, Santa Clara,
CA 95052-809 0),

W hen you contact t he m, you
should ask where you can get the part
since I don 't know what the avail­
ability is like in your part of the world .
You might find it easier to deal with a
supplier in the United States but, no
matter what you do, it's not a com­
mon IC so you 're going to have to do
some investigating if you want to buy
only one or two of them . Minimum
orders can be murder.

8ICOMPOSITE. 0---"'-1
OUT
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VIDEO SYNC
I'm building a video circuit

and want to get the sync sig­
nals from a standard com­
posite video input. My ultimate
goal is to be able to mix video
signals together and, even
though I have a good design
for the mixer and sync gener-

est the video connector), and winds
up at slot #1 (the one nearest the
powe r supply), As soo n as the Ap ple
finds a disk contro ller card, it turns
control over to the firmware located
on the card . W hat's important to real­
ize is that the com puter will recognize
the first controller card it finds. If you
have one in slot # 6, it won't pay any
atten t ion (at boo tup) to any others in
lower numbered slots .

If you want to boot off the Sider,
you have to put its controller card in a
higher numbered slot than the one
used for the regular disk drives . Since
the disk contro ller is usually located
in slot #6, the Sider 's contro ller card
should be in slot # 7. As an alter­
native, you can access the Sider by
typing PR# X' at the App le promp t
(the "X" is the number of the slot in
which you 've put the Sider's control­
ler card).

W hichever method you choose,
accessing the Sider shou ld turn on its
activi ty light and whatever boot pro­
gram is on the disk should show up
on your screen . Both DOS and Pro­
DOS (the two main operating sys­
tems for the App le series of
com puters) have to be patc hed to
work with the Sider and the only way
to do that is by using the sof twa re
that was originally supplied with the
drive .

12

APPLE DISK
I have an Apple lie and was

recently given a hard-disk sys­
tem to use with it. I was told
that the disk had already been
formatted but I haven't been
able to get it to work in my
computer. Even though I have
the interface card plugged into
one of the slots, I can't seem to
get the hard disk to respond.
The manufacturer of the drive
is the First Class Company.
Can you help me with this
problem?-B. Fischer, Indi­
anapolis, IN

The company you're looking for is
ca lled First Cl ass Peripherals and ,
the last time I dealt with them , they
were located in Carson City, Nevada
and th eir pho ne number was 800
538-1307. It's been a while since I had
anyt hing to do with them but, as I
remem ber, t hey were always ex­
tremely helpful.

Your best bet is to get in touch with
the m and get the software and man­
uals that we re supposed to accom­
pany the drive. If you can't do that,
check with a local Apple user's group
and see if anyone can help you there .
The Sider (the name for their drives),
was one of the first hard disks avail­
able for the Appl e II ser ies of compu t­
ers and I have no doubt that they sold
a lot of them.

There are a few things you can try
to make sure the drive is still working .
You said that yo u had the card
plugged into th e co mp uter, but
there's a good chance you're not is­
suing the proper comma nds to ac­
cess it. When the Apple is first turned
on , it checks the slots to try and find a
disk controller card . Each slot has
256 bytes of memory in the main Ap­
ple memory map, and each card is
des igned to wo rk in a slot that has a

8 particu lar signature that indicates its
z funct ion . By examining these sig­
~ nature bytes , the Apple is able to
G identify the cards connected to it.
~ At powerup, the Apple wants to
6 find a disk control ler card and it scans
o throug h the slots looking for one . The
C2 scan starts at slot # 7 (the one near-
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FREE catalog tells more

Send today for NRI's big, free catalog that
describ es every aspect of NRI's innovative
computer train ing, as well as hands-on
training in other growing high-tech career
fields .

Ifthe coupon is missing, write to: NRI
School of Electronics, McGraw-Hill
Continuing Education Center, 4401
Connecticut Avenue, NW, Washington, DC
20008.

IBM and AT are registered tra dema rks of Int ern ational
Business Machines Corporation R.A.C.E.R. and
QuickTech are regist ered trademarks of Ult ra-X, Inc.

ready to make your move. NRI starts you
with the basics, building on that founda­
tion step by step until you have the .
kn owledge and skills you need for success.

And all throughout your training
you've got th e full support of your per sonal
NRI ins tru ctor and the enti re NRI
technical staff, always ready to answer
your questions and help you achieve your
training goals.

(please print)
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art tools, you learn to quickly identify and
service virtually any computer problem on
XT, AT 80286/80386, and compatible
machines.

You discover how to use the
R A.C.E.R diagnostic card to identi fy
ind ividu al defect ive RAM chips, locate
interfacing problems, an d pinpoint
defective support chips. Plus you learn to
use your QuickTech softwa re to test the
system RAM and such peripheral adapters
a s parallel printer ports, serial communica­
tions ports, video display memory, floppy
drives, and hard disk driv es.

Only NRI gives you such confidence­
building, real-world experie nce. Only NRI
gives you both the knowledge an d the
professional tools to succeed as today's in­
demand computer service technician.

SEND CARD TODAY FOR FREE NRI CATALOG

No experience needed, NRI builds it in

With NRI training, you learn at your own
convenience in your own hom e. No
classroom pressures, no night school, no
need to quit your presen t job until you're

Your HRI computer training includes all this: Discovery lab- , digital
mullimeter and digital logicprobe; AT-compalible computer with1
meg RAM , 1.2 meg floppy drive, and high-resolulionmonitor;20meg
hard drive; MS-DOS, GW-BASIC, and Mlcrosofl Works software;
R.A.C.E.R. plug-in dlagnoslic card and QuickTech diagnosllc software

NEW!Training now includes Ultra-X
diagnosti c hardware and software for
quick, accurate troubleshooting

Now you t rain with an d keep the latest in
diagnostic hardware and software: the
extraordinary R.A.C.E.R plug-in diagnostic
card and QuickTech diagnostic software,
both from Ul tra-X, Using thes e state-of-the -

Only NRI gives you hands-on training with
the finest example of state -of-the -art
technology: the powerful new West Coast
10lOES compute r . As you asse mble this
fully IBM PC/AT-compatib le computer from
the keyboard up, you actua lly see for
yourself how each section of your computer
works.

You assemble and test your computer's
"intelligent" keyboard, install the power
supply an d 5-1/4" floppy disk drive, then
interface the high-resolution monitor.

Your hands-on training continues as
you install a powerful 20 megabyte hard
disk drive--today's most-wanted computer
peripheral- now included in your course to
dramati cally increase the data storage
capacity of your computer while giving you
lightning-qui ck data access .

Plus you now work with today's most
popular integrated software package,
Microsoft Works, learning to use its word
pr ocessing, spreadsheet, database, and
communications utiliti es for your own
persona l and professional applicat ions. But
that's not all .

Learn to troubleshoot and service
todav's computer systems as you build

a fully A1:compatible micro

Get real- world skills as you train with
and keep a powerful AT-compatible
computer system plus popular Microsoft"
Works software

Jobs for computer service techni­
cians will almost double in th e next
10 years according to Department of
Labor statistics, makin g computer
service one ofthe top 10 growth
fields in the nation.

Now you can cas h in on this
exciting opportunity-either as a
full-time industry technician or in a
computer service business of your
own---once you've mastered elec­
tronics and computer s the NRI way.

NRI' s practical combination of
"reason-why" theory an d han ds-on
building sk ills starts you out with
the fundamentals of electronics,
then guides you thro ugh more
sophisticated circuitry all the way
up to the latest advances in
compute r technology. You even learn to
program in BASIC and machine language,
the esse ntia l language for troubleshooting
and repair.

Train th e NRI way - and learn to
service all computers as you build
your own fully AT-compatible
micro, now with 1 meg RAM, 20 meg
hard drive, and exciting new
diagnostic hardware and software!
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onds. That is the rate at which the
light wi ll change and, even though it's
a bit fast for a real traffi c light , it
should make for a more interest ing
display in your driveway.

The clock pulses from th e 555
drive a 4017 whose outputs control
relays that turn on each of the traffic
lights in turn . The reason I'm using a
4017 here is that it can control 10
relays and I don't know how many you
have in your traffic light. A ll you have
to do to add more lights is add more
relays and move the reset connection
on the 4017 .

I think your idea is great and Iwo uld
have done exactly the same thing if I
had managed toget my hands on one
of those traffic lights.

WORD/HOME PROCESSOR
At a recent garage sale , I

purchased a word processor
made by an outfi t i n Sun­
nyvale, California called Sys­
tel. Although the only I/O port
is the keyboard connector, I in­
tend to use it as the basis for a
home monitor/control system.
The system is based around a
Z-80A but I don' t have any
DOS software that will w ork
with it. Do you have a ny su g­
gestions?-G. Farr Jr., Garden
City, K S

I have seve ral suggest ions, but
they all add up to the same thing, and
I'm afraid that none of them are what
you're looking for. Trying to build or
convert a computer to a home con-

continued on page 80

FIG. 2-YOU CAN CONTROL a traffic light, or any other similar device, using this circuit.
An AC-powered battery eliminator can be installed right inside the light, along with the
circuit itself. . -r-

TRAFF IC LIGHT
I have an old traffic light and

want to get it working and use
it as a yard light in my driv­
eway. What I need is some way
to control the AC and make it
work like a real traffic light.
There must be some simple
way to do this.-A. Haycock,
Corvallis, MT

Before we get started on your
prob lem, let me tell you that I th ink it's
a great idea. As a matter of fact, if
there are any of those lights left, I'd.
like to find out where I can get one for
myself.

I'm not sure how you want the thing
to operate and you haven 't to ld me
how many lights you have to control.
Traff ic lights can have one , two, three,
or more individual lights. Wh atever
the case , there are several ways you
can get the thing working.

I'm gue ssing that you wa nt the
light s to cycle back and forth and,
since I can't imagine that there 's that
much traffic in your driveway, abso­
lute accuracy in timing isn't really all
that criti cal.

One simple way to control the light
is shown in Fig. 2. A ll you need is a
handfu l of part s and the layout isn't at
all crit ical. You can build the circuit on
a piece of perforated co nstruc t ion
board and put it inside the light itself.
You' ll have to put a power supply in
there as well but the circuit draws so
litt le power that you can use an AC­
powered batt ery eliminato r.

The 555 is set up as a timer with an
output frequency of about 10 sec-

Heath Compa ny
Marketing Dept. 020-024
Benton Harbor, MI 49022

CL-80 7

CIRCLE 86 ON FREE INFORMATION CARD

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.

HOMe AUTOMAliON

Home Automation
from Heath,
the catalog

that has it all...
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LETTERS
Write to Letters, Radio-Electronics,

500-B Bi-County Blvd., Farmingdale, NY 11735

Call for a Catalog (800) 221-0916

Why should you choose A·Bus?
It's affordable. From a $65 Dig ital Input
Card to a $299 Motor Controller. you get
much more than your money's worth.
It's simple . Easy to connect to your
computer and to your application. Designed
to adapt to your software easily.
It's versatile. You mix and match low cost
boards to fit your project.
It's proven. Thousands of applications
installed around the world.

coco
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What Is the A·Bus?
A-Bus is a system for connecting devices to
your computer. Whatever your co mpute r.
use A·Bus for:
Sensing. Detecting or reading a swi tch
closure or voltage presence.
Measuring. Determining a force. frequency.
temperature. weight. or any other quantity.
Control. Open or close a circuit. Switch any
type of electrical device. Adjust level or
position.

A Sampling of our Products
Relay Card: 8 individually controlled relays.
3A at 120VAC. SPST. RE-140: $142
High-Speed 12-bit AID converter: 810j1s
analog inputs. 0-5V. amp. FA-154: $179
8 Bit AID: 8 inputs. 0-5.1V in 20mV steps,
7500 conversions/second. AD-142: $142
12 Bit AID: ±4V. On-board amp. 7 read­
ings/sec.1 input. expandableAN-146: $153
Temperature sensor:O-200° TS-111: $12
Digital Input: 8 opto-isolated. Read voltage
presence or switch closures. IN-141: $65
Latched Input: Each of 8 inputs is latched
to catch switch closures L1-157: $85
Digital Output Driver: 8 outputs: 250mA at
12V. For relays. solenoids.. . ST-143: $78
Smart Quad Stepper Controller: On board
processor controls 4 motors simultaneously.
Simple English commands to set posit ion.
speed, units. read limits, etc. SC-149: $299
D/A: 4 Channel. 8 Bit Output DA-147: $149
24 line TIL I/O: Connect TIL 0/5V levels or
switches. (8255A) DG-148: $72
32 Channel Multiplexer: Switches up to 32
channels to a single common. MX-155: $83
Touch Tone Decoder: PH-145: $87
Counter Timer: 3 16-bit counters. Count
pulses. measure frequency CT-150: $132
A·Bus Prototyplng card: PR-152: $16
Odin Software: For PC's Control relays
from inputs ortime schedule sOS-189: $129
Motherboard: For 5 cards. MB-120: $108
A·Bus Adapters:

IBM XT/AT & compatlbtes; AR-133: $69
MicroChannel Adapter: AR-170: $93
Parallel Adapters also available for Apple
II, Commodore 64.128. TRS-eo
serial Adapter:RS -232 SA-129: $149
serial Proce ssor: Built in BASIC for off­
line monitoring. logging. SP- 127: $189

"
New! C·Net: Connect thousands of RS-232 HJ
serial devices to one computer port. Print- ~
ers. modems, data acquisition devices. etc. 5J

-<
.ALPHA~
242-RE West Avenue. Darien. CT 06820
Call (203)656-1806 or Fax 203 656 0756
CIRCLE 180 ON FREE INFORMATION CARD

ference , which required further band­
wid th reduc t ions . That' s what hap­
pened to th e so und of AM radio .
Throu ghout th at time, of course,
man-made interference was also on
the rise.

Many people suspect that the radi­
os in the ir old cars sounded better­
and they did . Today it's hard to find
AM radios with decent bandwidth . I
possess a few, and have amazed
many friend s who thought they we re
listening to FM. The sound of many
AM stations is very good, if you can
find something suitable on wh ich to
listen.
GEORGE THOMAS
Chief Engineer, WJDX/WMSI
Jackson, MS

SATELLITE TV PROGRAMMING
In his art icle "The Chang ing Face

of Sat el li t e TV " CR a d i o -E l e c ­
tronics , November 1990), Robert
Angus did a good job of describing
the tip of the icebe rg, but he either
ignored or was unaware of the most
importa nt part-what you can no t
see . He also short -changed the exist­
ing home recepti on of satellite re­
transmitted signals that include net ­
wo rk te levision, cable programming ,
audio data, narrowcasts, and a vari­
ety of excellent educational program­
min g . EXist ing sa te lli te ca pac ity
makes available more than 500, not
200 , channels . Less than 20 % of
those channels carry " cable pro­
gramming to viewers ."

Mr. Angus and others hype the po­
tential for smaller reflectors. Phased­
array pane ls have been used for
years by the military. The size of re­
flectors and phased arrays that are
capab le of supp lying sufficient signal
levels is shrink ing because of ad­
vances in HEMT technology. Size is
also inf luenced by geographic loca­
tion, sources of interference, obsta­
cles , weather, equipment used-and,
yes , TWT CTraveling Wave Tube) out­
put powe r. With every reduct ion in
size co mes other t rade-off s . The
problem of non-compatible encryp­
tion-decryption technologies, which
Mr. Angus so correct ly addresse d, is

STILL MORE ON AM RADIO
I read w ith inte rest the letter from

Matthew Bailey C'More on AM Ra­
dio") that appeared in the December
issue of Radio-Electronics. He
stated that in the beginning many AM
stat io ns used standard telephon e
lines with 5-kHz upper limits for stu­
dio-to-transmitter links. I can 't com­
ment on that , but his next sentence
said that AM radios were built w ith
narrow bandwidth IF filters to mini­
mize interference .

What interference? In the begin­
ning, there we re not many commer­
cial power lines or much elect rical
equipment to gene rate interference.
There certainly weren't enough sta­
t ions on the air to interfere with each
other.

In fact, radios did not have narrow
IF's. M any sounded grea t-once
techno logy produced better speak­
ers , of course. Some units had selec ­
table bandwidth that used a swi tch
labeled "Voice-M usic." I believe the
main reason for that was to allow for
more intelligible speech.

In the sixties, some radio program­
mer dec ided that the loudest stat ion
in a market would have the most lis­
teners. That started a new trend that
caused sta t io ns to use grea te r
amounts of audio processing (com­
pression , limiting, and cl ipping), Be­
fore that, most stat ions used modest
amounts of compress ion CAGO to
counteract operato r gai n-ridi ng er­
rors . Limiting was used to prevent
overmodulation by loud peaks.

W hen stations used more pro­
cess ing, the average progra m-mate­
rial leve l increased great ly. That
caused the occupied bandwidth of
stat ions to increase in density as we ll.
Now there was real interference.

Man ufacturers gradual ly began to
reduce the bandwidth of receivers to
reduce the interference . The pro­
gra mmers noticed that treb le was
lack ing and began to use pre-empha­
sis to get the sparkle back in their
sound.

The more that receiver bandwidth
was cut, the more trebl e boost was
necessary, which caused more inter-
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NTSC-TO-RGB CONVERTER
Several incorrect statements ap­

peared in Jim Harrigfeld's art ic le
" Build an NTSC-to-RGB Converter"
(Ra d i o -El ect r o n i c s , O ct ober
199m. The subheading says , " Put a
TV in your VG A monitor," and the
text says that standard NTSC video
rate requ ire ments elim inate " most
fixed-freq uency (digital) monit ors­
i.e. , mos t CGA and EGA types."

Both statements are false. As a
reference, I cite the Ask R-E column
on page 12 of the same issue. To
display a standard NTSC signal, a
15.75-kHz horizontal scanning rate is
required. The table on page 12 shows
that VGA does not use that rate ,
while CGA uses exactly that rate . In
fact, CGA video was originally de­
signed so that PC users could use
th ei r colo r TV se ts as mon it ors .
Please take care to make your art i­
cles technically correct !

I a lso agree with Mr. Burton
("Throwing Cauti on to th e Wind, "
Letters , October 1990) that caut ions
abo ut handli ng CMOS see m over­
done. The first CMOS chips were
indeed static sensitive, but manufac­
turers quickly added input-protection
diodes.
EARL MORRIS
Midland, MI

Both of the statements in which
Mr. Morris finds fault appeared as a
result of editing errors. The subhead,
of course , should have read "Put a TV
in yo ur M ultisync M onitor. " The tex t
that Mr. Morris quotes is not as clear
as it should be. The po int we tried to
make is th at there are two
requirem ents for a monitor: 0) that it
accept analog inputs. and (2) that it
be capable of scanning at 60 Hz ver­
tical and 15. 75 kHz horizontal. A l­
th ough a C GA monitor s ca ns
adequately, it generally has only dig-

sions mailed out by PSpice or IsSp­
ice . There is also a student version for
digita l circuits called Micro-Logic II. It
also costs about $50.

I just grad uated from an electrical
engineering program and I used both
of those software packages exten­
sive ly, wi t h exce llent results. Both
book/softwa re packages are avail­
able from Addison-Wesley Publishing
Compa ny ( IS BN 0-201-50 552- 5 :
Micro-Logic II; ISBN 0-201-50542-8 :
Micro-CAP II).
DONALD HAROOTUNIAN
Webster; TX

SPICE VARIETY
I just fin ished reading T.J. Byers'

article about SPICE in the November
iss ue of Radio-Electronics, in
which he mentioned PSpice and Is­
Spice. I'd like to mention ano ther
product, called Micro-CAP II, which is
a student vers ion of the orig inal
Micro-CAP. It has all the capabilities
of the origin al exce pt that it is set up
for only 25 nodes instead of 150
nodes. The student vers ion has a
vast built-in library for such com po­
nents as op-arnps, tra nsforme rs ,
NPN an d PNP tran si sto rs , MOS
transistors, diodes. and more. It also
includes a schematic editor, net list ,
bo de pl o ts, t im e-do main plo t s ,
Fourier analysis, and more . The stu­
dent version costs less than $50.00
and comes with a manual writt en for
the non-professional. I found that to
be much better than the sample ver-

a hurdle, not an impasse. VLSI cir­
cuits will soon permi t multip le digital­
and analog-signaI-processing and de­
crypti on equ ipme nt all wi thin the
same receiver and/or the te levision
itse lf. But all of this technical informa­
tion is just the tip of the iceberg!

The articl e stated, " S ince the
same pool of feature films should be
available to all the PPV hopeful s, and
the majors promise to offer basic pro­
gramming co mpara ble to current
basic cable ..." That's where the rest
of the story begins. Most exist ing
"cable" prog ramming is controlled by
very few MSO's or Multiple System
Operators (giant cable companies),
and/or by product ion companies that
either own or are owned by MSO's.
Those giants co nt rol programming
and, more imp ortant , th e majo r
sources of programming. Since the
networks want to be carried on cable
in favorable channel spots (2-13),
they are not a source of com pet it ive
programming.

Without prog ramming, the asser­
tion "Satellite television received on
small, flat antenna panels, promises
to give cable TV a run for the money"
ignores reality. Congress and many of
us in the industry have wres tled with
program-acce ss problems for more
than fou r years . Without program­
ming , any techn ology that is no t
owned or at least controlled by cable
interests wi ll wither and die on the
vine !
ROBIN ADAIR
Columbia, KY

P.O. Box 06017
Ft. Myers, FL 33906

(813) 936·2397

JAN CRYSTALS

your reliable gource for
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Our New and Highly Effective Advanced-Place­
ment Program for experienced Electron ic Tech·
nicians grants cred it for previous Schooling and
Professional Experience, and can greatly reo
duce the time required to complete Program and
reach graduation. No residence sc hooling reo
quired for qualified Electronic Techni cians.
Through this Special Program you can pull all of
the loose ends of your electronics background
toget her and earn your B.S.E.E. Degree. Up­
grade your status and pay to the Engine ering
Level. Advance Rapidly ! Many finish in 12
months or less. S1udents and graduates in all 50
States and throughout the World. Established
Over 40 Years ! Write for free Descriptive Lit·
erature .
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ital inputs and thus will not work. A n
EGA not only scans at the wrong fre­
quency but it also has digital inputs.
A nd a VGA monito r. although it has
analog inputs, will not scan at the
correct rate. That 's the reason for our
recomm endation for multi-frequency­
type monitors.-JIM HARRIGFELD

BRAIN POWER
Whil e I was not surprised that there

were obje ctions to Don Lancaste r's
claim of a four-b illion-bit human brain
capaci ty (Hardware Hacker, Radio­
Electronics, January 199m, I was
disappointed in the nature of the ob­
je ctions (Letters, May and November
199m , given the recent popularity of
neural network research . While it is
true that the brain compresses dat a,
it is also true that the compres sion
algorithms are part of the brain and
(theo ret ically) could be mimicked by
a computer. The real issue is that the
"prog ram " of the human brain is not
totally contained in its four-billion neu­
rons. It is the ten thousand (rough
avera ge) interconnection s to each
ne uron that determine the " pro ­
gram." I'm not sure how much reso lu­
tion the analog connection st rengths
have , bu t I' ll g ue s s about 3 -bits
wo rt h. Therefore , to mimic the brain,
you would need and as soc iat ive
memory structure with a capacity of
abo u t
(23)( 4 x 109)(1 x j 0 4 ) = 3.2 x 10 14

bits. Keep in mind that many of the
brain's functions have been efficiently
" hard-w ired " over a billion years of
evolutions to avoid the waste of con­
nections during trial-and-error pro­
gramming. We are still a long way
from const ruct ing anything with the
complexity and power of the human
brain.
GEORGE LEGTERS
Melbourne Beach. FL

plac ed over many tou ch contro ls .
When used over a tou ch-control pan­
el on a unit that has an audible signal
when buttons are pressed , the beep
and the Braille might be enough to
prov ide re liable o pera tion by the
sigh t less .

As for a clock radio, perhaps he
co uld use a separat e cl ock t hat
chimes at the hour and each quarter
hour. He could inte rface it with a radio
to turn the radio on at the appropriate
time. If that didn't work , maybe a ta lk­
ing clock would be eas ier to use.

Mark V Electronics (8019 E. S lauson
Ave ., M ontebello , CA 90640) offe rs
two such mo dels.

One ot her possible source of infor­
mati on is an orga nizat ion call ed
Christian Record Brai lle (P.O . Box
6097 , Li nc o ln, N E 68506). They
make audio/visual products for the
bl ind. M ost of their products are
Ch risti an st udy and information ma­
ter ials , but they migh t offer gu idance
in oth er areas as wel l.
ROGER DOERING
Camp Verde. CA 86322 R-E

CONSUMER ELECTRONICS FOR
THE BLIND

In response to David Plumlee's let ­
ter regarding electron ic applianc es
for the blind (Radio-Electronics,
November 199m, unless products
with suc h features find w idespread
accep tance among the sighted, it's
not very likely that they 'll appear on
the market. However, I would think
that he could ret rofit some app liances
himself, or have it done for very little
co s t. " Dymo " label -making ma­
chines include a model that produces
Braille-character labels that can be

New B&K-PRECISION'Parfs Tester checks capacitors,
resistors, transistors, diodes, SCRs, LEOs and more.
There'sno need to guess oboutcomponentswith • Tests capacitance fromO.lpFto 20mF in
B8.K-PRECISION's815 Ports Tester. It occurately capacitors, cables, switches; other components.
measures the mast-used componentsonddisplays • Tests resistance from0.1 oh mto 20 megohms .
their values an a lorge 0.8" LCD readout. Rugged • Tests SCRs, diodes and LEDs.
designand tilt stand make it we ll suited for field • Tests transistor gain and leakage.
or bench. • Tests batte ries under true load conditions.
One look at this quolity instrument will convince • 26 measurement ranges.
you the B8.K-PRECISION815 is the best buy. For • 5 foot drop-resistant case.
detailedspecifications or immediatedelivery, • Tilt stand for bench use.
contact your loca l distributor. • Includes test leads

~t
..... SIC~r".~. Domestic and Int ernat ional Sales
'.;-. r .....~... 6470 W. Cor tland St ., Chicago. IL 60 635

~, MA~ INTERNAnONAL CORP. 312 -889-1448 · FAX: 312-794-9740
~ Canadian Sales. Atl as Electr onics. Ont ar io
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Data Controls Analyst 2 Data line Monitor

W e've all had the experience
of trying to troubleshoot a
PC's serial data line to es­

tablish reliable co mmunicatio ns be­
twee n a PC and exte rnal device such
as a modem, pr inter, or serial-to -par­
allel converter. It's usually a diffi cult
job because you can't see what's go­
ing on. Sure , you can use breakout
boxes with LED indicators to t ry to
get the lines matched up co rrect ly,
but if the com municatio ns prob lem is
caused by an incorrect trans mission
rate, glitc hes on signal lines, or an
un re i iabl e data -com municati on s
channel, simple tools just won 't do
the job . That's w hen you need a de­
vice like the A nalyst 2 dat a-line
monitor and digital test set from Data
Co ntro ls (2183 Buckin gham Road,
Suite 217, Richardson, TX 750 8H

The A nalyst 2 is a handheld unit ,
but w i t h a s ize o f abou t
4Y4 x 8Y4x 1% inches, you' ll proba­
bl y p refer t o leave it o n yo ur
benchtop. A wa ll transformer pro­
vides powe r to the bottom of the unit
through a detachable cable. The front
panel features 8 functi on keys , a 2­
line by 32 -c harac te r backlit LCD
reado ut , and e ight tri-co lo r LED 's
across the top of the unit.

O n power- up th e A na lys t 2
performs a self test, afte r wh ich it's
ready to test data lines. The main
menu of 'the unit con ta ins twelve
choices for the appropriate mode of
operat ion. Each mode is displ ayed
one at a time, and the list is scro lled
thro ugh usi ng up or down curso r
keys .

Operating modes
In th e Data Monitor mode , th e

A nalys t 2 can captu re and disp lay
RS-232 ser ia l d at a st reams .
Asynchro nous , synchro no us, or a
user-defi ned bit-oriented protocol are

~ supported , and the disp lay can be in a
z characte r-oriented for mat or in hex­
~ adecim al. To aid in tro ubleshoot ing,
t) the Ana lys t 2 can be triggered to start
~ reco rding w hen it sees a spec if ic
w6 group of characters . Sub menus let
o you select the proper signal clocking,
C'f data format, how the data is sto red in
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Troubleshoot, test, and
analyze data circuits quickly.

the capture buffer, whether spec ific
signal transitions are captured, and
how the display should show the cap­
tured data.

The Review Data mode provides a
way to examine and manipulate the
data sto red in the non-volatile capture
buffer. As in the mon itor mode , vari­
ous sub menus are used to select
data formats.

The Distortion mode is used to de­
tect the deviation of a signal's actual
ti mi ng pa ra me te rs f rom wha t it
should theoretically be. Three types
of distortion, gross, isochronous, and
bias, can be measured.

In th e Tim e De lay mode , th e
A nalyst 2 meas ures a device 's re­
spo nse delay. It sends out contro l sig­
nals, and waits for respo nses . For
example, the length of time between
a request-to-send CATS ) and the co r­
responding c1ear-to-send (CTS) can
be measured.

The Analyst 2 can also act as a
source of data in its Simulate mode,
where it outputs data to verify that a
data channel is working properly. It
can also be used to test printers,
mod em s, t ermin als, and th e li ke .
Wh en requested the unit will output,
in either ASCII or EBCDIC coding a
QBF or quick-brow n-fox message,
which contains every letter of the al­
phabet, the numbers 0 throu gh 9, a
carriage return , and a line feed. As
you might expect, data-framing and ­
format modes are selectable.

To simulate a loopback device, the
Analyst 2 can be run in it s Echo
mode. When running, the unit dig­
itally loops back all data present ed on
pin 3 (rece ive data) onto pin 2 (trans­
mit data),

A bit-error rate test or BERT is pro­
vided to determin e the perform ance
level of a data-commun ications line,
and whether it can support communi­
cations w ith an acce ptable number of
bit errors. Exce ssive line noi se ,
cross talk, and random burst errors
on the line can be detected . A block­
error rate test or BLERT is similar to a
BERT, except that it spec ifically tests
the capability of a data-communica­
tions line to handle blocks of mes­
sages of spec ific length . Another test
mode-CERT or character-error rate
test-is very similar to the BLERT
mode, exce pt that the block size is
determined by the bits-per-character
select ion. A final rate -test mode­
erro r seconds test-is used to deter- '
mine the performance of a data line
over time.

We found that puttin g the A nalys t 2
to work was not too difficult-once
we got the hang of it. Unfortunately,
the operating manual supplied with
the unit was diffi cult to decipher in
many cases . For example, we were at
first confused about the proper way
to select the right choices from the
menu. We did figure it out, but with­
out help from the manual. A ll things
considered, that's a minor com plaint.
We think that the $965. Analys t 2
data-line monitor is certainly worth a
look from data-communications pro­
fessionals. R-E
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Add trecuency-mooearem ent
capabmties to your workbench
with this inexpensive counter.

In " Build Th is Benchtop
Freq uency Cou nte r," (De­
cember 1990) we were un­
able to provide the PC-board
foi l patterns . They are re­
produced here.

We greatly exaggerated
the capabilities of th e cou n­
ter. Because of the compo­
nents used , the cou nter
cannot perform at f requen­
cies above 25 MHz. We're
sorry for any confus ion our
misstatements caused.
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Train at Home to be an
Electronics Technician!
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Sta te Z ip _
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233 Academy Dr ive 0 P.O. Box 421768

Kissimmee, FL 34742-1768
R0291

For COLOR CATALOG M ail
Coupon or Call TOLL FREE

1-800-765-7247
Programs offered only ill United States , Canada, Puerto Rico
(uu/ Virgin Islands. No Obligation. No sales person will call.

Our programs are acc redited by the Accrediting
Commission of the National Home Study Council

X - - - - - - - -- - - - - - - -
YES! I would like to kno w more about your
training programs. Send a catalog to :

Name _

Address _

1
I

I
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o IBM-Comp atible
Personal Computer

o Digital Multimeter
o Digital Logic Probe
o Elenco Oscilloscope

Exclusive Extras
That Enhance Your Training

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

oAccelera ted Learn ing System - a scien­
tifically proven study system that lets you
learn faster and easier than ever befo re .

oOptional One-Week Seminar - ava ilable
with our advanced programs . Conducted
on our cam pus near Orlando , Fla. Not
required for graduation, but a valuable
opportunity to fin e tune your skills with
persona l guidance .

oYideo Tuto r Tra ining Tapes - give you a
permanent. visua l record of informative
lectures and close-u p demonstration s.

oExper ience Labs - profe ssionally
designed experiments that give you hands­
on " bench" experience .

oin dustry Certification Tra ining Guide ­
provided with three of our programs .
Gives you first-hand insight into the
examination you may take for your
professional license .

Choose Fro m These Programs of Study

oE lectronics & Microprocessor Technology

oIndustrial Electro nics & Micro processor
Tec hnology

oCo mputer Servicing & Electronics
Technology

oSpecialized Assoc iate Degree In
Elec tronics Technology

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

You Ge t Professiona l Equipment
For Professional Training

Professional training and equip me nt ca n help
you qualify for a dynamic, high-paying ca reer
in your spa re tim e.

A, the demand for computers and micro ­
processor s in business and manufacturi ng
continues to grow , so does the need for
qualified technician s. It' s not unusua l for ex­
perienced technicians to earn from $35,000
to mor e than $40.000 a year* Now there 's
a way you can train for this exciting fie ld
without interrupting your job or home life.
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see the effec ts of shorten­
ing or lengthening the di­
pole. The user can instantly
check multi-band dip oles
and trap vert icals to see if
the low SWR point s are po­
sit ioned co rrect ly, and ad­
just the anten na until they
are rig ht . The M FJ -207
helps locate the best place
on a car to mount a mobile
antenna. In addition, it can
be used to observe th e
effec ts of rain or snow on
the beam or dipole, tune up

CIRCLE 18 O N FREE
IN FORM ATION CARD

HF SWR ANA LYZER.
Providing a complete pic­
tu re of an ante nna SWR
over an ent ire band-with­
out a trans mitte r, SWR
meter, or any other equip­
ment- th e MFJ-20 7 HF
SWR ana lyze r makes it
easy to se t up and pre­
cisely tr im an antenna. It is
used by plugging the an­
te nna into the coax co n­
nector, sett ing the analyzer
to th e desired frequ ency,
and reading the SWR. The
batte ry-o pe rate d, hand ­
held unit can be brought to
th e an te nna to directl y
measure its SWR without
the distortin g effec ts of the
coax. SWR changes can
be monitored while adjust­
ments are being made, and
the user can immediately

ion production and ensures
proper balance. A variable
speed con tro l adjusts three
fans that move the ions to­
ward the work surface .

The A60420 overhead
ionizer cos ts $630.-De­
sco Industries, Inc. , 761
Penarth Ave nue , Wa lnut,
CA 9 1789; Tel :
7 14-5 9 8 - 2 7 5 3 ; Fa x:
714-595- 7028.

Th e Co re ModulelXT
ranges in price (to OEM 's)
from below $ 100 in quan­
titi es of 10,000 and up to
$ 130 for quant it ies of 1000.
A Co re Mo dulelXT D e­
velopment Kit that includes
't h e Core Mod ulelXT,
MiniModulelFSS, Mini ­
Modulel VGA, all cables,
mo unt ing hardware , man­
uals, and DR DOS costs
$ 100 in quantiti es of 100 .
Th e MiniMo dulel SSD
cos ts $9 0 in 100's. ­
Ampro Computers,
Inc. . 990 A lmanor Avenue,
Sunnyvale, CA 94086; Tel:
408 - 522-2 100 ; Fa x:
408- 720 -1305 .

CIRCLE 17 O N FREE
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tional utility programs auto­
mati c all y co nve rts any
disk-based PC softwa re to
SSD operation.

The MiniModule expan­
sion board s, w hic h stack
over o r und er th e C o r­
eModule , add co nfigura ­
tion flexibility, allowing the
add iti o n of C GA, EGA ,
V G A, LCD, and e lec ­
t rolurnm escent flat -panel
co nt ro lle rs ; a 24 00 -bps
modem; a LAN interface;
and other capabilit ies . The
MiniModulelFSS provides
floppy dr ive, SCSI, and se­
rial port contro llers in one
extreme ly co mpac t pack­
age.

tained. A built-in alarm cir­
cuit continuously monit ors

PALM-SIZED CPU MOD­
ULES. Meas uring o nly
3 .6 x 3 .8 x 0 .6 in ch e s ,
Ampro 5 CoreModules are
fully co nfigu red PC-com ­
patible C PU modules with
memory, so lid-sta te disk ,
ser ia l and parall el I/O
ports, real-time clock, and
keyboa rd and speaker in­
terfaces. Th e Co reMo d­
ulel XTCpictured) was intro­
duced in lat e 1990 ; th e
Core Mo dulel286 and
Co reModulel386 sho uld
be availab le in 1991. De­
signed for embe dded ap­
pl ica t io ns, each module
can be used alone as a
com ponent -like, PC- com ­
pat ible engine, or 'can be
co mb ine d w it h A mpros
MiniModule expa nsion pe­
ripherals to build complete
sys tems .

The CoreModulel XT is
equipped w ith a CMOS­
enhance d 8088-compat i­
ble mi croprocessor th at
operates at 9.82 MHz, and
a full co mplement of PC­
co mpa t ib le D M A co ntro l­
lers, interrupt co ntro llers ,
and timers. It co mes with
two byt e-wid e sockets for
EPROM , f las h EPRO M ,
stat ic RAM , or NOVRAM
memory that can be used
as bootable, D OS- com- .
pa t ib le so lid-s ta te di sk
(S S D), e l i m ina t ing th e
need for floppy drives. Op-

OVERHEAD IONIZER. To
neut ralize sta t ic charges
on the wo rkbe nch without
tak ing up be nc h space ,
Descoe model A 60420
ionizer mou nts overhead
and plugs into a standard
AC out let. The ionizer of­
fers an automatic shut ­
down feat ure that turn s the
unit off if proper ioni zing
conditions cannot be main-
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Discover Your Career Potential In The
Fast Growing Field Of High-Tech Electronics!

CI EGives You The Training You Need to Succeed...
At Your Own Pace.. .& InYour Own Home!

Area Code/Phone No. _

Apt # _

Send For Your
Catalog Today!

Practical Training...
AtYour Own Pace.

Through CI E, you can train for your
new career while you keep your pres­
ent job. Each course allows a gener­
ous completion time, and thereare
no limitationson how fast you can
study. Shouldyoualready havesome
electronics experience, CIE offers
several courses which start at the
intennediate level.

"State-Of-The-Art"
Facilities & Equipment.
In 1969, CIE pioneered the first elec­

tronics laboratorycourse, and in 1984,
thefirst Microprocessor Laboratory.
Today, noother homestudy school can
match CI E's state-of-the-art equipment.
And all your laboratoryequipment is
included inyour tuitioncost. There is
no extra charge-it'syours touse while
you study at home and on the job after
you completeyour course!

Earn Your Degree To
Become A Professional

In Electronics!
EveryCIEcourse you take earns you

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

stages. And CIE isthe onlyschool that awards you
for fast study, which cansave you thousands of
dollars inobtaining the same electronics education
found in four-year Bachelors Degree programs!
Write for details today!

I City/State/Zip

I A'lJ _

I Check boxfor G.I. Bill bulletin on educational benefits: 0 Veteran 0 Active Duty

I Mail This Coupon Today! AE03L ~

r----------- -------
I tiE World Headquarters ......:..-===.-
I Cleveland Instituteof Electronics, Inc.
I 1776 East 17thSt., Cleveland, Ohio44114

I 0 YES! Please sendme your independent study catalog (For your convenience,
CIE will have arepresentative contact you-there is no obligation.)

Personal Training FromA
Renowned Faculty.

Unlikethe impersonal approach of large class­
room study, CIE offers you one-on-one instructional
help 6 days aweek, toll-free. EachCIE lesson is
authored by an independent specialist, backed by
CIE instructors who work directly withyou to
answer your questions and provide technical assis­

tance when you need it.

Consumer Electronics

If you'reanxious to get ahead ...and
build a real career...you owe it to

yourself to findout about the Cleveland
Institute of Electronics!

CIEcan help you discover your
career potential in the fast growing
field ofhigh-tech electronics. Acareer
that will challenge and excite you
every day...reward youwith apowerful
feeling of personal accomplishment...
and deliver a levelof financial security
you may have only dreamedofbefore!

As the leading school in home-study
electronics, CI Ehas helped over
150,000 students in the U.S.A. and
over 70 foreign countries get started in
this exciting field. To findout how CIE
could behelpingyou...read on...then
sendfor a CIE catalog TODAY!

A Growing Need For
Trained Professionals!

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

You could be the"brains" behind the
scenes ofanexciting TV broadcast...
trouble-shoot life-saving medical equip­
menLdesign exotic new aeronautics
systems...CIE'sjob-oriented programs
offer you the quickest possiblepath to
the career ofyour dreams! And CIEalso features
military andunion re-training, tobui ld on what
you already know.

Dozens Of Fascinating
Careers To Choose From!

Even if you aren't sure which career isbest for
you, CIE can get you started with core lessons
appl icable to allareas of electronics. As you
advance, CIE makes job opportunities avai lable
toyou through the bimonthly school paper,
The Electron.
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'roulate 'rcuits,

eorl1putedr Stelst actual CI your clrcults with built-in hiqh tech lnstruments e-

voltmeter, ammeter, ohmmeter, oscilloscope, wattmeter,-Id '-:IIn sweep generator, breadboard, temperature adjustment

bUI p. and frequency control. This complete electronics lab,
simulates thousands of dollars worth of parts and

New PROTOLAB™ , a state of the art electronics lab for instruments ... all built-in with easy to use, menu driven,
the hobbyist's, student's or engineer's pc. Now, you can mouse controlled PROTOWARp Msoftware. Plus, you
build and experiment with actual circuits, choosing from get a unique experiment book, featuring over 75 experi­
an unlimited number of components, including resistors, ments and circuits. Enjoy countless hours of fun , while
capacitors, inductors, general impedence, AC voltage learning. And , you won 't blow up your " lab", because
sources, batteries, AC/DC current sources. Then, analyze it's fool proof and safe on your pc.

Oscillo scope
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Includ es lab
exper iment book
and exclusi ve
PROTOWARETM

Parallel Resonance LC Tank Circu it
usi ng sweep generator to vary

volta ge across tank, monitoring
circui t response

Temperatu re
Adjustment

PROTOLAB
provides a complete

lab station of high
tech equipment

including ...

Thevenin Equivalent Circuit
calculating voltage drop and

current flow us ing built-in
ammeter/voltmeter

~
... ~. ,T

/

GLOBAL Global Specialties.
70 Fulton Terrace. New Haven. CT 06512.

SPECIAI'I IES Telephone: [203] 624-3103. e Interplex Electronics. 1990.
L All Global Specialties breadboarding products made in USA.

Resis tor Series /Parallel Circuit
demonstrates current division in

a parallel circuit

' IBM/compatibles require 384K RAM. CGA [640 x200j video display and mouse
" Macintosh requires Macintosh 512E. MAC XL. MAC PLUS. MAC SE. MAC II

Frequency Compen sated Br idge using
oscilloscope to measure AC signal

offset by DC voltage

Order today . .. ----- -=----~= TM

cir::~~{Xf~i~~ ~ ~
Complete, for IBM/compatibles' ... ONLY$9995

For Macintosh with high resolution , enhanced graphics" ... $12995

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

Here are some typical circuits you can build and test ...
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an antenna tuner without
transmitt ing. or check the
SWR of a linear amp lifier 's
input.

The SWR analyzer has a
low-d ist o rt ion RF gener­
at o r th at covers 10- 160
meters . an SW R br idge
that gives forward and re­
flecte d co mponents, and it
auto ma tical ly computes
and disp lays the SW R. A
frequency-counter output
allows a counter to be con­
nected for precise dig ital
readout. Operation is-corn­
pletely automa tic.

The MFJ-20 7 HF SWR
ana ly ze r cos t s $99.­
MFJ Enterprises, Inc .,
P.O. Box 494. M ississippi
St at e , M S 39 762; Tel :
6 01- 323-5869; Fa x :
601-323- 6551.

HANDHELD LOG IC
ANALYZER. Targeted for
use by design engineers
and field service techn i­
c ians , Trace-Tek s Logic
Boy is a full-featured. 16­
channel. 50 -MH z logic ana­
lyzer. The handheld diag ­
nos tic and deve lopment

CIRCLE 19 O N FREE
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tool is easy to use. with ex­
te ns ive me nus for user
prom pting and sys tem set­
up. A ll state information.
timing data . and menus are
displayed on the LCD read­
out. The Logic Boy weigh s
only 21 ounces w ith NiCd
batter ies insta lled . and is
designed to be held and
operated with one hand- a

convenience when trou ­
bleshooting digital circu its
at remote locat ions lacking
AC power. It can be cou ­
pled with a battery-oper­
a ted printer t o fo rm a
comple te portable diag ­
nost ic and troubleshooting
system.

The Logic Boy offers 50­
MHz operation on all 16
channe ls. non-volatile sys­
tem setups and reference
memory, a bu ilt-in IBM­
compat ib le printer port.
and a BNC tr igger output
te rminal that lets the logic
analyzer be used as a four­
level wo rd recog nizer when
connected to the externa l
t rigger input of most os ­
cilloscopes . The Logic Boy
is compatible with both TIL
and CMOS logic levels .
and. features 1K x 16 cap­
ture-and-reference memo­
ry, sy nchronous or asyn­
chronous clocking, a clock
qualif ier. and program ma­
ble trigger delay.

The Logic Boy . co mplete
wit h probes . AC wall adapt­
er, IBM printer-cable adapt­
er, NiCd batteries, and a
one-yea r warranty, costs
$1795 .-Trace-Tek In­
struments, 1301 North
Denton Drive, Suite 204 ,
Carrollton, TX 75006.

GRAPHIC POWER
MON ITOR. To help elec­
tronics tec hn icians and
hobbyists find and solve
power problems . the
PowerVisa power monitor
detect s all powe r distur­
bances th at ca n affec t
electronic equipment. By
simply plugg ing it into an
outlet. a complete powe r
ana lys is can be made .
Wh en any type of power
d ist urba nce-i nc Iud ing

CIRCLE 20 ON FREE
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sags , surges, impulses ,
failures . waveshape faults,
frequen cy errors , high-fre­
quency noise , w iring er­
rors, and tota l harmonic
distortion-is detected, an
LED lights. A disturbance
graph can be printed imme­
diate ly or, at the users' con­
venience, a text report of
the ten worst events of
each disturbance type can
beg e n era ted . T h e'
PowerVisa also prints daily
and weekly summaries. It
monitors true RMS AC
vo ltage , AC cu rrent . and
te mperature . An RS-232
port is included for remote
operation. The instrument
automatically se lects ap­
propriat e thresholds de­
pending on the voltage
be ing monitored , or the
user can choose to man­
ua ll y s et the desired
thresholds.

" Help " messages tha t
explain its opera tion can be
print ed. and a push of the
Advice button generates a
printout of the type s of dis­
turbances that have been
rec orded and the time s
they occurred .

The PowerVisa power
monitor has a suggested
pr ice of $3,295.-Basic
Measuring Instru ­
ments, 355 Lakes ide
Dri ve , Fost er C ity. CA
944 04 ; Tel: 415-570-5355;
Fax: 415-574-2176.

BI-POLAR POWER SUP­
PLIES. The POW series of
sing le -outpu t . b i-polar
power s u p p l i es can

sin k " -absorb curren t
from external sources-or
" source" - supply power
to externa l loads-current.
They can be used for ap­
plications invo lv ing servo
systems and precision
drives, as variable output
powe r s upp l ie s . or as
power amplifiers with fre­
quen cy c harac t e ris t ic s
ranging from 0 ± 30 kHz.
The power supp lies are
available with t hree dif­
ferent op era ting ranges :
+ 35 to - 35 VDC at 1A;

+ 35 to -35 VDC at 5A;
and + 70 to - 70 VDC at
2A. W ithout switching po­
larity, both ga in and
pos it ive/negative vo ltage
can be varied continuously
by adj ust i ng pa ne l ­
mounted , 10-turn poten ti­
ometers . Co nstant-current
crossover over load protec ­
tion is provided .

The power suppl ies are

CIRCLE 21 ON FREE
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available with eit her a top
l u g g a g e strap for
portab ility, or a built-in rack­
mounting frame .

The POW series of sin­
gle-output , bi-po lar power
supplies are priced starting
at $92 5.-Kiku s u i In­
ternational C o rpo ra ­
tion, 19601 Mariner Ave­
nue, Torrance, CA 90503;
Tel: 800 -KIK-8784 .

SURFACE-MOUNT SOL­
DER KITS. Two SMT sol­
der cream kits. for evalua­
tion of component solder­
ing using differe nt types of
flux systems, each contain
250-grams of stenci l-grade
solder cream packed in five

CIRCLE 22 ON FREE
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50 -gram " Flexpaks." The
five diffe rent types of mildly
activated fluxing syst ems
included are standard. fine
pitch. water washable. and
two with no-clean residues.
The latter leave clear. hard.
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NODEl CS-4025
20 11Hz. Dual Channe l
Osci l l osco pe.
REG. $495. 00

SALE $349.95

~!!e~n~~.
8931 Brookvill e Rd.
Silver Spr ing . III 20910
(Boo)638-202O (301)587-7824
FAXf 301- 585-5402
EASY ORDER FAX LINE (8001545-0058

800- 638- 2020
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IIlOEL C$-51 3O
40 MHz , Dual Channel,
4-Trll ce , Oela yep Sweep .
REG. S1095.00 SALE $899.9 5

IUlEL CS-5 170
100 HIlz, Dual Channel,
4-Tr ace , Dela yed Sweep .
REG. S1695. DO SALE $1399.95

IIlOEL CS- 6010
100 HHz, 4 Channel ,
10-lracf , Delayed Sweep.
REG. S1995.0 0 SALE $1699. 95

IIlOEL CS-6OZO
150 MHz . 4 Channel ,
l O-Trace . De 1l!ye d Sweep .
REG . S239>. 0" SALE $1999.9 5

Since 1956

e Gl.llli

USED BY THOSE WHO DEMAND THE BEST:
• Bell 8. Howell • CapitolRecords· Dolby loborotories
• Hewlett Packard • John fluke Mfg. • Mcintoshlobs
• MCI (Sony) • Motorolo • NASA · Nokomichi
• RCA • Switchcroft • and Many More.

AIlALOG OSC I LLOSCOPES 11/0 R£AOOUT

IIlOEL CS- ~IJ ~

40 HHz , Dual Channel.
Dela yed Sweep .
REG . SB9~.00 SA LE $719.9 5

IIlOEL C$- 5155
~O HIlz, 3 Channel ,
6- Trace , Delayed Sweep.
REG . S995. 00 SALE $819. 95

IUlEL C$- 5165
60 HIlz , 3 Channel,
6- Tra ce , Delayed Sweep.
REG. S1095.DO SALE $899.95

IIlOEl C$- Z150
I SO HHz , 4 Channel,
Bv'lr-e ce , Dela yed Sweep.
REG . S2395. DO SALE $1495.9 5

AIlALOG CSC I LLOSCOPES Il/READOOTICURSORS

KENWOOD
OSCILLOSCO P ES

"Environmentally Conscious "

CRAMOllN(ll continuesto be themost effemve and
economicalproduct for improvingand maintaining
electricol component reliability.

CRAMOLIN@DeOxidizer
IMPROVES CONDUCTIVITY
DEOXIDIZES • CLEANS. PRESERVES. LUBRICATES
ForAll Melals, Including Gold!

FOR MANUFAGURE, MAINTENANCE
AND SERVICE OF:
• Switches &Relays • CobleConnectors &Ad apto rs
• EdgeConnectors • Terminal Strips · Plugs&Sockets
• Gold Plated Con nectors • Potentiomete5 • Battery Contacts

CRAMOllN~ DeOxidizerimprovesconduc~vity by ds­
solving oxides that formonmetal connectorandcon­
tact surloces, eliminating unwonted resistance that
impedes ele(tricolperlormonce.

CRAMOllN(ll is onoc~ve ingredient thatdoes not
rely onsolventsforperlormonce. Dueto theexcel·
lentmigrationproper~es, CRAMDlIN (ll coots theen~re

metalsurloce and protects itfrom futureoxidation.

HARD-DRIVE SECURI­
TY SYSTEM. Prov id ing
password access security
for IBM PC , XT, AT, 386,
and compatib le comput­
ers, PC Access version 2.1
cons is ts of an eas ily-i n­
stalled plug-in card and a

RADIO-FREQUENCY
FINDER/COUNTER. The
mode l 1500A RF finder/
counte r from Startek runs
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diskette of programs. Ei­
ther a valid password or,
optionally, a use r-ID and a
password must be entered
each time the com puter is
booted before DOS wi ll be
loaded or executed . One
mast er password and as
many as 15 user pass ­
wo rds are allowed . The
master password must be
used to acces s the user
password list and to select
the security system 's func ­
tions. Ver sion 2 .1 features
menu-driven selectio ns for
es tab lis hing th e pass ­
wo rds and other sec urity
settings, DIP sw itc h selec­
t io ns of t h e secur ity
board's address , and a half­
size card with a bracket for
easy installat ion. PC A c­
ce ss does not modify
COMMAND.COM or any
system files , and doe s not
interfere wit h the opera tion
of any other software.

PC Access version 2.1
has a sugges ted list price
of $ 79 ; d istrib utor and
quanti ty d isco unt s are
ava i l a b Ie . - R e nton
P rod u c t s , P.O . Bo x
16271, Seattl e, WA 98116;
Tel: 206-682 -7341.

non -corros ive res idues;
one is off-fillet residue and
the other is on-fillet resi ­
due. Kit 7 provides the flux
sys tems with an Sn62 al­
loy, w hile Kit 8 is supplied
with an Sn63 alloy. Each kit
co mes w it h a "Vac­
Tweezer" set that includes
a vacuum pickup and five
tips w ith various sizes of
clear pads .

Surface-mount so lder
Kit 7 and Kit 8 are priced at
$89 each.-ESP Solder
Plus , 14 Blackstone Valley
Place, Lincoln , RI 02865;
Tel: 800-338-4353 .

,
DIGITA L CL AM P-ON
M ET E R. Th e mode l
ACO-10clamp-on meter di­
rect ly measures AC cur­
rent , vo ltage , and resi s-

CIRCLE 23 O N FREE
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tance . The drop-proof in­
st r ume nt weighs e ight
ounces and is 63/ 4 inches
long . Its half-inch displa y
provides over-ra nge and
low-battery indica tors. The
aut o rang ing meter pro ­
vides circu it protection up
to 550 volts. The ACO-10
comes with a wrist st rap
and a removab le belt clip. A
9-volt batt ery, safety te st
leads, a carrying case , and
inst ructio ns are inc luded .

The model ACO-10 dig­
ita l vo lt/amp/ohm meter
has a list price of $89.95.­
Amprobe Instrument,
630 Merrick Road , P.O .
Box 329 , Lyn bro ok , NY
11 563; Tel: 516-593- 5600.
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w hic h redu ces the un­
des ired elect r ica l noi se
that causes rece iver de ­
sensitizatio n. The AS- l is
t he same type of device
that's used on aircraft and
in ground stations to mini­
mize electrostat ic inter­
ference. It has been mod i­
fied for use on antennas to
prevent any detuning, even
if it is element moun ted.
Th e antenna stat ic d is­
charger mounts eas ily to
any ante nna, boom, or tow­
er and weig hs only one
ounce . It offers increased
range during noisy condi­
tions , minimized receiver
desensitization, and lower
antenna no ise on lon g
wires, dipoles, yagis for HF
through UHF, vert icals, TV,
and TVRO antennas.

The AS-l antenna static
discharger costs $ 12.95 .
-Static Buster lnc.:
3535 Shepherdsville Road,
Elizabethtown , KY 42701;
Tel: 502- 769-2244. R-E

ANTENNA STATIC DIS­
CHARGER. Precipitat ion
stat ic and corona di s ­
charge noise , whic h can
raise the noise level 20 to
30 dB above ambient, are
bled off by the mode l AS-l
antenna static discharger,

costs $9 .00-Startek
International, Inc. , 398
N E 38th Street , For t
Lauderdale, FL 33334; Tel:
800-638 -8050 or
305 -561-22 11 ; Fa x:
305-561-9133.
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0.25-seconds yie lds a 1­
kHz reso lut ion, and a slow
gate time of 2.5 seconds
yie lds a 100-Hz resolu t ion.
A TXCO timebase provides
accuracy of ± 1 ppm .

The unit can be operated
and c harged simu lta­
neous ly w ith a 9 ± 12
VDC, AC adaptor. The in­
put signal of the device is
coup led via a BNC con ­
nector on the top, and vari­
ous types of probes and
antennas can be used to
optimize pe rformance for
speci fic uses and freq uen­
cy ranges .

The model 1500A radio­
frequency finder/ counter
costs $99.95 , the factory
install ed N iCd batteries
cost $20.00 , and an AC
adapter/battery charger

on 110 VAC, 12 VDC, or
rec ha rgeab le NiCd ba t­
teries, and is small enough
to fit in a shirt pocket. It is
hous ed i n a r ugged
anod ized-a lum inum cas e
and we igh s less than 9
ounces with the batteries
insta lled . The highly sen­
siti ve instrum ent can be
used w ith its te lescop ing
RF antenna to accurate ly
and ea s ily identify and
measure transmit frequen ­
c i e s f ro m h a n d h e Id ,
mob ile, or stationary radio
transmitters.

The 1500A has two over­
lappi ng ra nges-1-500
M Hz and 200- 1500 M Hz.
Two " gate" or "sample"
t imes are switch se lecta­
ble . A fast gate tim e of

Try the

(RE-BBS)
516-293-2283

Leave yourcomments on
R-E with the SYSOP.

Communicate with other
R-E readers.

RE-BBS
516-293-2283

bulletin board
system

We support 300 and1200
baud operation.

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

Add yourself to our user
files to increase your
access.

The more youuse it the
moreusetul it becomes.

TUNI NG ' OR
SHIPPINGMODEL RANGE CHANNELS PASSBAND P RICE

23H 50-66MHz 2.3 or 6 meter ham1 50·300 MHz ~'" NO
46FM 66·108 MHz 4.56 or any FM 50·300 MHz "" SHIPPING

1417 120·1H MHz WAI15/BI16 /CI17/Dl 50·400 MHz ~30 or
C.O.D.

lB22 144·174 MHz 18(E)19(F) 20(G)21(H) 22 (I) 50·400MHz $30 CHARGES

713 174·216 MHz 7.8.9.10.11.12.13 50-400101Hz $30

CALL TOLL FREE FOR C.O.D. OR SEND CHECKTOORDER
FAST DELIVERY

30 DAYMONEY BACK GUARAN TEE (3 FILTER LIMIT)

• ATTENUATION - 45 dB TYP ICAL
• BANDWIDTH - 4 MHz AT 5 dB POINTS
• INSERTION LOSS - 2 dB

Star Circuits
P . O. Bo x 94917

Las Vegas, NV 891 93-4917

1-800-433-6319

~; -~~ .
';. ,,:,. ;"¥~

· ·:~~~r~t':f,t; ...~ "-'- .
'. Earn upto

$30 an hou r
and more!

-~ ~~ 1\

;:;iiJJ. 'Learnathomeinsparetime.
~""--r-'.-/-", , 'F/" Nopreviousexperience needed!

No costly school. No co mmuting to cla s s.
The Original Home-Study co urse prepares
you for the "FCC Commercial Radio­
telephone License." This va luable license is
your professional "ticket" to th ousa n ds of
exciting jobs in Communications, Radio­
TV, Microwave, Maritime, Radar. Avionics
a nd more . . .even start your own business!
You don't need a college degree to qualify .
but yo u do need an FCC License.

(J) No Need to Quit Your Job or Go To School
~ This proven course is easy. fast and low
Z cost! GUARANTEED PASS -You get your
~ FCC License or money refunded. Send for
I- FR EE facts now. MAIL COUPON TODAY!°r----------------------,
~ 1 COmmanD PRODUCTions I
• 1 FCC LICENSE TRAINING, Dept . 90 I
~ 1 P.O. Box 2824. San Francisco , CA 94126 :«: Please rush FREE details immediately! 1
a: 1 NAME 1

1 ADDRESS I
301 CITY STATE ZIP __ 1L ~ J



NEW LIT
Use The Free Information Card for fast response.

PASSPORT TO WORLD
BAND RADIO; from In­
ternational Broadcast­
ing Services, Ltd., Box
300 , Penn 's Park, PA
18943; $16.95.

This magazine in book
format could be described
as the TV Guide for radio ,
N ation a l Ge ograp hic ,
Co ns umer Repor ts , and

Time ro lled into o ne. Its
384 pages are filled wi th ar­
ti cle s on topic s rangin g
from music behind the Iron
Curta in to how to write to
rad io s ta t io ns for fre e
goods , from inte rna t ional
politics and curren t events
to how to get sta rte d in
wo rld-band listening, from
Al istai r Cooke's long-run­
ning Letter From America
show to the Salt Lake City
wor ld-band sta tion t ha t
broad cast ed roc k-n-ro ll
used by Ame rican troops in
Panama to dr ive Noriega
nuts . In-depth co nsumer
repo r ts provid e com­
parative ratings of portab le
and tab le-top radios , as
well as a review of a world­
band rece iver for cars.
Compreh ensive program
guides are listed by time,
cou ntry, and channel. New­
comers to the hobby will

apprecia te ti ps on w hat
featu res to look for in a
world -band receiver,a glos ­
sary of term s, and informa­
t i o n al ar t ic les . In t e r­
spersed th rough out th e
book are helpful hints, defi­
nitio ns, and pointers, along
with int riguing photographs
from around the wo rld and
dozens of advert isements
fo r radi o s ta t io ns and
equipment.

1991 ELECTRONIC
COMPONENTS/COM­
PUTER PRODUCTS
CATALOG; from Jam­
eco , 1355 Shoreway
Road , Belmont , CA
94002; Tel: 415-592-8097;
Fax: 415-592-2503; free.

Featuring just about ev­
erything the electronics en­
thusiast or computer buff

CIRCLE 28 ON FREE
INFORM ATION CARD

cou ld need, the new Jam­
ec o ca ta log offe rs tool s,
tes t equipmen t, cables ,
co nnectors , IC 's , mothe r­
boards, computer kits ,
floppy- and hard-d isk driv­
es , computer accessories,
and more. New to this edi­
tion of the catalog are two
386 computer kits, 38 6
mo therboards, a 2400 ­
baud mini external modem,
and a 9600-baud fax board.

The Jameco catalog fea­
tures full product descrip­
t ions , pho tographs, and
pricing information.

TONER CARTRIDGE
RECHARGE: Kits-Sup­
plies-Service ; from
Chenesko Products
Inc. , 62 North Coleman
Road, Centereach, NY
11720; Tel: 800-221-3516
or 516-736-7977 ; Fax:
516-732-4650 ; free.

CIRCLE 29 ON FREE
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W ith the high price of
new ton er cart ridges fo r
laser printe rs, many people
prefer to use cart ridges
that have been c leaned
o ut , mod i f ied , and re­
charge d. This cata log of­
fers t on er-cartr id ge re­
charge products and ser­
vices, and explains how to
recharge ca rtridges used
with laser printers including
the HP LaserJets, App le
LaserWrite rs , and many
others . Six do-it -yourse lf
kits include full inst ructions
fo r rec hargi ng. For those
who wan t t o s tart a re­
charge business, the cata­
lo g o ffe rs a co mp lete
selection of products- in­
c lud ing ge ne r ic t on er,
graphic to ner, fixing rods,
sealing st rips , plugs, bags,
to o ls , and vac uums-at
bulk prices. For those who

aren't handy with toner car­
tri dge recharging , or are
short on time, the catalog
offers a mail-in recharging
service.

SOLDER CREAMS : A
COMPLETE GUIDE TO
THE SELECTION AND
USE OF SOLDER
CREAM; from Multicore
Solders, Cantiague
Rock Road , Westbury,
NY 11590; Fax :
516-334-7098 ; free with
request on company let­
terhead. ·

This comprehensive 24­
page brochure explains and
describes the formulation,
applica tion meth od s, and
uses of solder creams. It
cover s the various alloys,
fluxes, propert ies, and rhe­
ology of solder creams for
su rface -mo unt appl ica­
tions, as well as tech niques
for deposit ion, reflow so l­
dering , and cleaning. A
chart that illustrates good

~
~

SOLDER CREAMS
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wo rk ing pract ices is fol­
lowed by exp lanations of
how to apply solder creams
for vario us pu rpos es . A
th ree-page glossary of
commonly used technical
term s is also incl uded in
the book let.
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Electronics Engineers & Designers!

Take any 3 books for only $495
(Values to $119.40)

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

8225P $19.95
Te sted progra ms for mos t
mathemat ical computing needs.
233 pp.

•

AlgQrithms
on'Graphs
~

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

::". .:: -

~

. ' ~j - ~i NUMERIC(\l ,
., -~- ' LAnONS' .•""
-~NEERING
~

9321 $49.50
This time-saving handbook pro­
vides prob lem-solving calcula­
tions for engineering design.
production and research . 4 16 pp.
Counts as 2

10015 $42.95
The most up-to-date introduction
ava ilable on the many facets of
ISDN . 320 pp. Counts as 2

3059 $34.95
Master the art of modeling, ren­
dering, and animating on your
IBM" rc.
524 pp . Counts as 2.

u onarJR.Marino

3283 $28.95
Cove rs all aspects of LAN plan­
ning. installation. and operation.
including standard and non­
standa rd arra ngeme nts . 240 pp .

3237P $24.95
This handy guide demonstrat es
such advance d features as
debu ggin g applicat ion s and
Virtus l 8086 Mode . 432 pp .

9813 $39.95
Cover s logic design , registe r
tra nsfer design , architect ure .
programming and more. 578 pp.

3131 $26.95
Assemb le your own powerfu l
microcomputer system . . . it' s
easy and inexpensive . 224 pp.

3279 $36.95
Master the pro ven repair tech­
niques of an expert electronic
technician . 570 pp. Counts as 2

ELECTRONIC CIRCUITS & COMPONENTS --------- - - - - - - - --;

2672 $49.50
Linear integra ted ci rc uits ­
specifications, prices & data .
614 pp .

f":~~t~~~---:-:-- '.
: f! . .'.0JC User's

Clscbo<*_.-

II
9243P $12.95
This book will elimi nate the
guessw ork in choosing the best
circuit or tracking down mal­
functions in a completed circuit.
282 pp.

1, I

-":rncq,.UkJr/
ELECTRONIC

CIRCUITS
\blutJlf: 2__ 'Onf

3138 $60.00
Mo re than 700 state-of-the-ar t
electronic circuit designs for on­
the-job use. 738 pp . Counts as 2

1938 $60.00
Over 1.300 useful and versat ile
electronic circuit designs.
768 pp. Counts as 2

3258 $27.95
Step-by-step instructi ons for
troubleshooting and repairing
the latest in electrical equipment.
310 pp .
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STATE-OF-THE-ART -----------:-----------------------:

CMOS
Cookbook

r

INDUSTRIAL
ELECTRONICS

3203 $44 .50
An indispensible guide to tech­
nology from composition to ap­
plication s and test ing. 400 pp.
Counts as 2

9244P $18,95
Th is revised and updated edition
is both a comprehens ive ,
industry-wide reference , and a
valuable collectio n of project
ideas. 5 12 pp .

3329 $29 .95
A practical introduction to the
latest devices , techniques , and
shielding methods . 239 pp .

3098 $44. 50
A comp rehensive overview of
CAD /CAM, CAE, and CIM
concepts , capabi lities and appli­
cations . 438 pp . Counts as 2

3321 $24.95
A valuable workbe nch compa­
nion covering industrial hard­
war e theory and application.
334 pp.

ixl'ElllMEllFS,,,
AIIflRCIAI

NEURAl.
NElWOIlICS

~---_._---.

9340 $44 .95
High-pe rformance design tech­
niques for today ' s high-speed
logic devices. 272 pp.
COl/ills as 2

315 1 $39 .95
Provides detai led insight into
every aspec t of the enginee ring
des ig n process- fro m th e
pre-concept phase thro ugh the
life-cycle costs and commercial
app lica tions. 334 pp.
Counts as 2

3037 $24,95
Build your ow n neural network­
ing breadboards- systems that
can store and retrieve like the
brain ! 160 pp .

9290 $36 .00
Provides many never-before ­
publ ished tr ou bl esh ooting
techniques and case histories.
3 15 pp. Counts as 2

9305 $59.50
The solution-oriented handbook
for practicing engineers at all
levels . Co ntains hund reds of
informative illustrations and
diagrams demonstra ting key
principles . 600 pp. Counts as 3

How the Club Works:
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DYES! Please accept my members hip in the ELECTRONICS ENGINEERS
& DES IGNERS BOOK CLUB and send my 3 volumes listed below bill ing me
$4.95. If not satisfied . I may return the books within 10 days and have my
membership cancelled . I agree to pur chase 3 or more books at regular Club
Price s during the next 2 year s, and may resign any time thereafter. A ship­
ping/handling charge and sales tax will be added to all orde rs .

INTRODUCTORY to-DAY FREE EXAMINATION

~ -----------------,
[~D~IELECTRONICS ENGINEERS

I '" & DESIGNERS BOOK CLUB sM
I <:.:: 0 Blue Ridge Summit. PA 17294-0860

I
I
I
I
I
I
I
I
I Name

I AddressI City

I State

I Signa ture
Valid for new members only . Foreign applicants will recei ve specia l orde ring instruct ions. CanadaI must remit in U.S. currency . This order subject to acceptance by the ElectronicsEngineers & Designers
Book Club. DRE291

~------------------_. ~

IRONCLAD NO-RISK GUARANTEE: If not satisfied with your
books . return them within 10 days without obligation !

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

YOUR BENEFITS: You get 3 books for $4,95 plus shipping & hand­
ling when you join. You keep on saving with discounts of up to 50 %
as a member.

All boo ks are hardcover unless num ber is followed by a " P" for paperbac k.
(Publis hers' Prices Shown)

©1991 EE&D Be, Blue Ridge Summit, PA 17294-0860

BONUS BOOKS: Starting immediately you will be eligible for our
BOil/I S Book Plan with savings of up to 80 % off publishers' prices.

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

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



ELENCO & HITACHI PRODUCTS
AT DISCOUNT PRICES

4-Channel, IOOMS/s Madel Introductory Price
100M5Is (2SM5/s on 4 channels simultaneously), 100MHz, 4kw x i ch., 2kw x 2ch., 1kwx 4ch. VC·6145 $ 4,695.00

DelayedSweep
Lightweight (13Ibs)
2mVSens .
3 Yr Warranty

Model Y-l065
Shown

This seriesprovides many new functions such as CRT
Readout, Cursor measurements (V-1 085/1 065/665) ,
Frequency Ctr (V-1085), Sweeptime Autoranging and
Trigger Lock using a 6-inch CRT. You don't feel the
compactness interms of performance andoperation.

V-660 60MHzDual Trace $1,195
V-665 60MHz Dual Trace w/Cursor $1,345
V-1060 100MHz Dual Trace $1 ,425
V-1065 100MHzDualTracew/Cursor $1,695
V-1085 1OOMHz Quad Tracew/Cursor $2,045
V-1100A 100MHz Quad Trace w/Cursor $2,295
V-1150 150MHzQuad Tracew/Cursor $2,775

$ 3,049.00

$ 2,295.00

VC·6045

VC·6025

RSOs (Real -Time & Storage Oscilloscopes) From HITACHI ~
The RSO • its the new solut ion ~~I

View, Acquire, Test, Transfer and Document Your Waveform Data

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

DC t0 20MHz function, Alternate magnifier function
Dual Channel Y-525 CRT Readout, Cursor Meas. $1,025

Y-523 Delayed Sweep $995

V-422 40M Hz Dual Trace $795 Y-522 Basic Model S895

Compact. Full Feature Models

Low Cost/High Value Models

40M5Is. 100MHz, 4kw x tcn., 2kw x 2ch.

20M5/s, SOMHz, 2kw x 2ch.

20M5Is, SOMHz, 2kw x 2ch. VC·6024 $ 2,049.00

20M5/s, 20MHz, 2kw x 2ch. VC-6023 $1,749.00

RSOs from Hitachi feature suchfunctions as roll mode, averaging, savememory, smoothing: interpolation, pretriggering,
cursor measurements, plotter interface, and RS-232C interface. Whh the comfort of analog and the power of dighal.

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

75 MO.1252
MO-1251 • High luminance 6" CRT

• Dual Trace • 1mV Sensitivity
• Component Tester SCOPE PROBES • 6KVAcceleration Vohage
• 6" CRT • 10ns Rise Time
• X-YOperation P-l 65MHz. lx. lOx $19.95 • X-VOperation. Z Axis
• TVSync P·2 100MHz. lx. lOx $23.95 • Delayed Triggering Sweep
• 2 p-l Probes . • It . [j . • Includes 2 P-l Probes

Allscopes includeprobes, schematics, operators manual, and 3 year (2 yrs for Elenco scopes) world wide warrantyonparts & labor. Many accessories available forall
Hitachi scopes. Call orwrite for completespecificationsonthese and many other fine oscilloscopes.

Digital LCR Meter
LC-1801

$125
lAeasures:

Coils 1uH-2ooH
Caps .lp f-2oouf

Res .01·201.1

Wide Band Signal Generators
SG-9000

$129

LEARN TO BUILD AND PROGRAM
COMPUTERS WITH THIS KIT!

INCLUDES: All Paris, Assembly and Lesson Manual

Model
MM-8000

$129.00

RF Freq l OOK-450lAHz
AM Modutation of 1KHz

Variable RFoutput

SG·9500 w Digital Display and150MHz built-In Counter$249

Starting from scratch you build a complete syslem. Our Micro-Masler
trainer teaches youtowriteintoRAMs,ROMsandruna8085microproces­
sor, whichuses similarmachinelanguageas IBM PC.Youwillwrite!he
initial instructions to lell theIlO85processor toll9t started andstore !hoso
instructions in permanent memO<)' ina 2816 E' PROM. Teaches you all
about input and output por1s , compuler timers. Build yourown keyboard
and leam how to scan keyboard and display. No previous computer
knowledge required. Simple easyto understand instruction teachesyou
to write in madline language.

1l0BOTICS KITFOil ABOVE (1.41.4-80 10) $71.95

Digital Capacitance Meter
CM-1550

$58.95
9 Ranges

.1pf-20,Oooufd
.5%basic accy

Zerocontrol
with case

10 Function
Multlmeter

CM-365

$65
AC+ DCVohage & Amps

Resistance to20001.10
Diode, Logic, & Transtest

Capacitance to200uF

GF-8016 Function Generator
with Freq. Counter

$249
Sine, Square, Trianqle

Pulse, Ramp, .2 to 2MHz
FreqCounter .1 - 10MHz

Quad Power Supply XP-580

$59.95
2-20V at 2A

12Vat lA
5Vat3A

-5V at .5A

Fullyregulatedan shortcircuitprotected

XP-575 without 'meters $39.95

Triple Power Supply XP-620
Assembled $65

Kit $45
2 to 15V at l A,

-2 to -15V at l A
(or 4 to 30V at lA)

and5V at 3A
Contains all the desired features fordoing experiments.

Features short circuit protection, all supplies.

True RMS 4 1/2
Digit Multimeter

M-7000

$135
.05% DCAccuracy
. .1% Resistance
with Freq. Counter

anddeluxe case

Decade Blox
- :. _-.~.::: .: t #9610 or

:-': j 7- " #9620
',~= .._:..~..~.::- :$18.95

#961 0 Resistor Blox
47 ohm to 11.1& lOOK pot

' 9620 Oapacitor Blox
47pf to 10MFD

Provides sine, triangle, square
wavefrom \Hz to 1MHz

AMor FMcapability

Function Generator
Blox

~£ ~ :.1: #9600

.~.. ~~::":-:-...::. $28.95.....

1000Amps
Data & Peak hold

8 Functions
Deluxe Case

ACCurrent Meter
ST·1010

$69.95

Digital Trip le Power Supply XP-765

$249
0-20Val l A
0-20VallA

5Vat SA

CIRCLE 109 ON FREE INFORMATION CARD

WE NOW
CARRY

COMP LETE LINE
OF

FLUKE
MULTIMETERS

Models
21F 83
23F 85
25F 87
27F 8050A
73 8060A
75 8062A
77F +More

CALL FOR
SPECIAL PRICING
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ra nges from 0.01-10 seconds . or
more. The OE 10 has four built-in
ga tes-O.OI. 0.1. 1.0 and 10 sec­
onds-as well as programmabl e
gate ti mes th an ca n be set fro m
less than a microsecond to mo re
than 28 seconds. The gate lime.
a lo ng wit h t he timebase os­
ci llator frequency (10.000 MHz).
determines the resolution of the
freq ue ncy measu reme nt. or the
number of s igni ficant d igi ts that
ca n be di splayed.

A frequen cy measurem ent may
a lso be prescaled-that is. before
th e s ignal to be measured en te rs
th e frequency cou n ter. it is divid-
ed by an in teger numbe r. Prescal­
ing allows signals to be measured
that a re higher in freque ncy than "
the counter is normally ca pable HJ
of m ea suring. The OE1 0 s u p- ::0

cports three prescaler values: 4. }>

16 . a nd 64. However. prescaling ~
requires that th e ga te time mus t CD

be multiplied by th e prescale to CD

37

Frequency measurements
A frequency measuremen t is

defined as a number of cycles of
a n incoming s ig na l occurring
during a g ive n time peri od. The
unit of frequency is Hertz (Hz). or
cycles per second (cps) . A fre­
qu en cy m ea surement is per­
formed by cou n ting th e number
of cycles occurring within a spe­
c ific ga te time. which typicall y

cou n ters a t a fraction of th e cost.
it a lso has many fu nct ions th at
n o ben ch co u nte r can m atch .
The PCIO ope ra tes in Microsoft
Windows. which a llow the user to
take m easurements while per­
forming other tasks. The Win ­
dows en viro n me n t a lso a llo ws
data to be s hared with other pro­
g ra ms. Data logg ing and a u to­
matic softwa re ca libra tion of th e
timeb as e a re a lso provided . Fi­
nally. th e PC10 can directly tune a
receiver to the measured fr e­
quency using th e co mputer's se­
ri al port.

How ev er. be fore we di scuss
how the PCIO op era tes a nd how
you can build one for you rself.
let's first talk abou t how univer­
sal frequency cou n ters work .

I
IVE

VE
V TE

JOEY GRASTY and BILL SCHULZ

FREQUENCY C O U NT E RS IIAVI, COME A

lon g way s ince Hewlett Packard
int rod uced the 524A b ack in
195 2. It was a huge instrument.
co n ta in ing more than 70 vac­
uum tubes . but it cou ld measure
frequencies up to 10 megahertz.
and time intervals as s mallas 100
nanoseconds. In late 1988. a proj­
ec t began to reduce th e major
parts of a univers al frequency
cou n te r into a s ingle integrated
circu it. which grea tly in creased
the performance a n d measure­
ment ca pab il i ty of fr equency
cou n ters built wi th th is new IC.
Th e project cu lminated with the
OEIO. an IC that cou ld directly
measure fre q ue ncy up to 240
MHz a nd measure time intervals
with resolution to 0.1 nanose­
conds . The OE 10 was then in cor­
porated into the PCIO. a hi gh­
performance univers al frequen­
cy-cou nter board for IBM PCIXTI
AT a n d co m pa tibles-and now
vou can bu ild it you rself.
. The combl nauon of a PC and a
freq uency co u nte r produces a
powerfu l to ol us eful for a wide
ra nge of measuremen ts . Not onl y
does the PCW con ta in most of
the features of more expe ns ive
laboratory bench top frequency
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retain the same resolution. For
example, with a divide-by-4 pre­
scaler, the gate times for the same
number of significant digits be­
come 0.04, 0.4 and 4 seconds.
The final gate time of 40 seconds,
is not supported by the OElO.
The PC 10 board contains two
cascaded divide-by-4 prescalers,
allowing prescales by 4 and 16.
That feature raises the PClO's
maximum measurable frequency
to 3 GHz.

A period measurement, the in­
verse of a frequency measure­
ment, is the length of time of one
cycle of a signal. A period mea­
surement counts the number of
clocks of the time base oscillator
between two consecutive rising
edges of the input signal. A
period average function is also
built-in, allowing 10 , 100 , or
1000 periods to be measured and
averaged to give a final value. Pro­
grammable averages are also
available.

One difficulty with frequency
measurements is getting good
resolution at low frequencies . For

example, with a gate time of 1sec­
ond, a lO-Hz signal will be dis­
played as 0.0000010 MHz, with
only one hertz resolution. To
counter that problem, the OElO
can be programmed to perform a
reciprocal, or inverse frequency
measurement, which is a period
measurement with the measure­
ment converted to frequency. A
lO-Hz signal has a period of 0.1
seconds, or 1,000,000 counts
with a lO-MHz timebase . That
yie lds a frequency measurement
of 10.00000 Hz, with six digits of
resolution . Better yet, the re­
ciprocal frequency measurement
required only 0.1 seconds to give
6 digits of resolution, compared
to the l-second frequency mea­
surement that gave a paltry 1 dig­
it of resolution! The disadvan­
tage of this measurement tech­
nique is that the gate time is no
longer fixed; it is the same length
as one period of the signal that is
being measured.

Short period measurements
have the same resolution prob­
lem as low-frequency measure-

ments . A signal with a 1­
microsecond period, for example,
gives a count of 10 with a lO-MHz
timebase: a resolution of only 1
digit. If that measurement is per­
formed as a reciprocal period
measurement (a frequency mea­
surement), the same signal
would be measured as 1.000000
MHz with a I-second gate, which
gives a period measurement of
1.000000 microseconds, or 6 dig­
its of resolution. The main disad­
vantage of reciprocal period
measurements is that the length
of the measurement is greatly in­
creased, and single-shot events
cannot be measured.

A time-interval measurement
determines the time between two
events. A time-interval measure­
ment starts when the OEI0 de ­
tects a rising edge on the A input.
The measurement ends when a
rising edge is detected on the B
input. Any additional edges de­
tected on the A input are ignored
until a rising edge is detected on
the B input. The number of
counts of the time base oscillator



TABLE 1-0E10 REGISTER MAP

MSEL1/MSELO

GATE1/GATEO Frequency (00) Period (01) Interval (10) Ratio (11)

00 0.015 1 1 100,000

01 0.15 10 10 1,000,000

10 1.05 100 100 10,000,000

11 10.05 1000 1000 100,000,000

INSEL Frequency (00) Period (01) Interval (10) Ratio (11)

0 A A AlB AlB

1 B B C/O C/O

Address D3 D2 D1 DO

00000 MCO MCOD MCOC MCOB MCOA

0000 1 MC1 MC1D MC1C MC1B MC1A

00010 MC2 MC2D MC2C MC2B MC2A

00011 MC3 MC3D MC3C MC3B MC3A

00100 MC4 MC4D MC4C MC4B MC4A

00101 MC5 MC5D MC5C MC5B MC5A

00110 MC6 MC6D MC6C MC6B MC6A

0011 1 MC7 MC7D MC7C MC7B MC7A

01000 MC8 MC8D MC8C MC8B MC8A

01001 MC9 MC9D MC9C MC9B MC9A

01010 TCO TCOD TCOC TCOB TCOA

01011 TC1 TC1D TC1C TC1B TC1A

01100 TC2 TC2D TC2C TC2B TC2A

01101 TC3 TC3D TC3C TC3B TC2A

01110TC4 TC4D TC4C TC4B TC4A

0111 1 TC5 TC5D TC5C TC5B TC5A

10000 TC6 TC6D TC6C TC6B TC6A

10001 CREG 1 GATE1 GATEO MSEL1 MSELO

10010 CREG2 EXTGATE TSOURCE DT INSEL

10011 CLRCNT - - - -

between the two even ts is the n
dis played as the m easured value
in secon ds. A time interval ave r­
age fu nction is al s o availab le.
with built-in ave rages of 10 . 100 .
a n d 1000 time in terval s. Pro ­
grammab le t ime-inte rval ave r­
ages a re also present.

A rati o measurement is a fre­
qu ency measurement wi th an ex­
ternal s ignal repl acing the time­
base osc illator. Therefore , in­
stead of giving a measurement in
Hz. the OEIO measures the ratio
between the input si gnal and the
reference s ignal. If th e two sig­
nals h ave identical frequency. the

display will read l.000000. Ratio
m easuremen ts a re espec ially
useful for tu n ing radio receivers
an d transmitters to a reference
frequency. Resolution of a ratio
measuremen t is de termined by
se tt ing the number of co u nts
that the reference signal mus t
make before di splaying the ratio
measurement.

An oth er u s eful feature is a
pulse-width measurement. Th is
m easurement is performed b y
measuring the number of cou n ts
of the time-bas e oscillator b e­
tween a rising edge and a falling
edge (a po s itive-going pulse) or

between a negative edge a nd a
pos it ive edge (a negative-going
pulse). The OEIO does not sup­
por t pulse-width measuremen ts
directly. bu t using a simple exter­
nal circuit and the time-interval
capability. pulse-width measu re­
men ts a re easy to accomplish.

Theory of operation
Figure I is a block diagram of

the OEIO gate array. The devi ce is
pack aged in a 44-pin plastic lead­
ed chip carrier. The OElO typ­
ically draws about 25 rnA from a
5-volt supply. The OEIO can be
con figu red for two modes of oper­
ation by setting the MP pin to log­
ic a or logic 1. Logic a configures
the device for stand-alone opera­
tion. used for buildi ng handheld
or benchtop universal counters
(which will not be discussed in
this a rticle); logic 1 configures
the device for microprocessor­
co ntrolled operation. the mode
u sed for this project. When con­
figured in microprocessor-con­
troll ed mode. the microprocessor
bus in terface becomes active and
controls all chip operations .

Tabl e 1 shows the internal regi­
s te r map of the OEIO. The OE IO
has a 5-b it address bus and a 4­
bi t data bus that allow access to
the internal registers. The firs t
ten locations . MCO-MC9. are the
10 BCD digi ts of the main coun­
ter. where the resul ts of the mea­
su re me nt a re stored. The most
s ign ificant digit is MC9. Since
the digi ts a re BCD. only binary
values 0000 through 1001 are val­
id. The least significant di git.
MCO, can on ly be read, not writ­
ten, and any write clears MCO.
The 28 -bit b ina ry terminal cou n­
ter occupies the next seven loca­
ti ons . TCO through TC6 . The
terminal counter controls the
length of the measu remen t.

The n ext two locations are con­
trol regis ter 1 (CREG1) and con­
t ro l register 2 (CREG2). The
MSELl and MSELO bits control
the type of measurement to be
p erform ed . Th e GATEI a nd
GATEO bit s control the gate times
for a frequency measurement .
t he n u m b er of a verages for
period or ti me-interval measure­
ments . or the number of cou nts rt1
for ratio measu remen ts . Bit IN- ~
SEL co n t ro ls which input (for ~

frequency or period measure- ~

ments) or input pair (for time in- u;
terval or rat io measurements) is ~

39



Va;

C39 Rl1 R19 fI20R17 2-7pf
751< r l K 33K l K

~, C3S
1 0M~z 8.2pf

~
D(O_n

DO ..
C35

I
U pf

19
47pF

49
00

DO

PIIl3eI
; C34 , 3

330Pf C36
330pf d\·m",~ V", " 47.tHCT125

I=fREO'PREl 1121 ICS 2
10K DEla

[lliC) f-t TeTEST MCOMP 35
RESET

~ r--i." l CDTEST u.:INC ~ ACDATA XTAl2
...!!!!L..- a PREO

PREI
8 XTAl l 36
9

cs TIMEBASE

10
RD
WR,--

~ BATIlOWI , PH 9 " INA

I( L ~1
15 INB

P1H a T(lIenU 16 Ir,c' I( I 2 I' DO 17 IND SDA
~ID,r. 7 3 A1 81 17 01

~ FUNCT SClI( .( ...2 62 16 D2 GATE
PlF 6 5 ~ ~ 16 D3 ~ INSEl

I> ;A5 B5~~ D4 DISPTEST
:flL-.U os DO ~ DATAO AOClK~I 8 ~~ ~ 12 06 D1 25 DATAl ACCSrPlD 4 I rr=; AS B8~~

02 26 DATA2 TESTOIF-D 2l DATA3p,c 3

IrG
.-!- DIA

AD f, ADDRO
PIB 2 Al

7 1.2
ADDR1
ADOR2

'M ~ ADDR3
ACDR..

I , P10 3'
'--

MP
A(0_.)

1
P'N 30 I 1C2 Ala .. ..)

I~ nHrn«I , P1M 29 2 lAl lV1 18 AO

I( I .. 1A2 1Y2 16 Al
P1l 28

l A3 lY3 ~i A2 Ie.
1/ ZOla

7 1, P1H 24 11 ' M 1Y4 9 A7 OIl

~1 2A1 2V1 7 ."'A1"1 11 011/
15~ :~~ 5

AS
A? 12 02 ~rf1L ~ AS 03 CSAEGlI( I M Ai 13

PIJ I
7 2M 2V4 3

~14 O.
1

C 2
26 15 05 CSDACI( ~

lG 1 16 06 7
PIK 2l 2G 07 16

1/ 1 17 ).!L18 DB
19

~ 110
I , PIG 23 ~ ::;8 1/

I L
1e3 14 11 3

91, P' F 22 "Hen« 114
I( --+ l Al lVl 11 AS

PIA " A9

I( 8 11.2 1Y2 14

8 ~~ ~~~ 12P1l «

I( PI'" 45 " 2A1 2Vl~
13 21.2 2V2+--"Ie PIK 11 I ~ 2A3 2V3C

...---!I 2A4 2Y4NI /

~
V'" IOW-

~
1G 1~.D 12G

2 1) 1/41~~SIIl 3 S9

R4
AS 10K 4

5 ) Jv41~Sbll 6 53
sws

1"iic
.-

AI 9

1~1 I I I ' 1C22-<: 1 S7

I SW1 10 1f. 7USII
2 " ~ .

1'::c3 " ~ 8 ... 12 ' '--
4 -" 5

13 )h}~~11 11
53

r.....
~

D6

02

D3

os

A

DO

lOW

lOR

RESET

FIG. 2-THE PC10 INTERFACE is an B-bit industry standard architecture (ISA) bus used in
IBM personal computers and compatibles.
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used for the m easurement. Bit
DISPTEST co ntrols the display
test. which is not used in the mi -

c ro p r ocesso r mo de , B it
TSOURCE determines whe ther
built in or proarammable gates

are u sed . Bit EXTGATE is used
on ly for manufacturing tes t.

Regis ter CLRCNT provides a
s imple way to clear both the main
counter an d the terminal cou n ­
ter, A write of any value to this
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tal, XTALI, con trols the frequen­
cy of os cill ation ; the fre quency
may be set precisely using trim­
capacitor C39.

That's all we h ave room for, so
we'll h ave to fin is h up this story
next month. We will then fin ish "'T1

up the discussi on on the PC10 Hl
circu itry, we' ll talk about the op- ~

t ion al extern al amplifier board , »
JJthe AP1OH, an d we' ll show you -<

what is involved in building both ~

of them. R-E ~

Note: The following items are
available from Optoelectronics
Inc., 5821 N.E. 14th Ave ., Ft .
Lauderdale, FL 33334 (800)
327-5912 , in Florida (305)
771-2050, FAX (305) 771-2052:
Complete Kit of all parts to build
the PC10, including software,
$299; OE10 ASIC, $49; PC10 PC
board, $59; software, $5; pro­
grammed PAL, $19; assembled
and tested PC10, $339; complete
kit of all parts to build the AP10H,
$179; AP10H PC board, $39; ma­
chined and painted cabinet, $49;
6-foot 25-conductor straight­
through cable, $20; assembled
and tested AP10H, $229. Send
SASE for priced out parts list.
Include 5% shipping and 6%
sales tax when shipped to Flori­
da address.

PC10 PARTS LIST

All resistors are Y4-watt, 5%, un- IC22-74LS86 quad XOR gate
less otherwise noted IC23-74ALS12 triple 3-input NAND

R1-2200 ohms gate
R2-not used IC24-LM339 quad voltage
R3-R6, R21-10,OOO ohms, Va watt comparator
R7, R1D-4990 ohms, 1% IC25, IC26, IC29--MAR6 MMIC
R8, R9--10,OOO ohms, 1% IC27-UPB582C high-performance
R11-R14-20,OOO ohms, 1% divide-by-four prescaler
R15, R16, R21-10,000 ohms, Va watt IC28--CA3199Egeneral-purpose dl-
R17, R3Q-75,000 ohms, YBwatt vide-by-four prescaler
R18, R2Q-1000 ohms, YB watt D1 , D2-HSMP3800 surface-mount
R19--3S,OOO ohms, YBwatt pin diode
R22, R23-75 ohms, chip resistor Q1-Q3-2N2907 PNP transistor
R24-91 ohms, chip resistor 04, 05-PN2369 NPN transistor
R25-R28--1000 ohms, chip resistor Other components
R29--47 ohms, chip resistor J1-BNC bulkhead (R141 -306)
R31-100,OOO-ohm potentiometer J2-SMB right-angle PC board
Capacitors connector (R114-665)
C1 , C3, C4-10 J.lF, 25 volts, radial RY1-RY3-SPDT DIP reed relay, 5-

electrolytic volt coil, form 1C
C2-22 J.lF, 25 volts, radial elec- L1-L3-100 J.lH choke

trolytic P2-female DB25 connector (ITT
C5-C33-0.1 J.LF, 50 volts, monolithic DBU-25S-AA)
C34, C36-SS0 pF, NPO P3-SMB plug, cable (R114-082)
C35-47 pF, NPO S1-4-position DIP switch
CS7, CS8--8.2 pF, NPO XTAL1-10-MHz crystal
C39--2-7 pF NPO trimmer Miscellaneous: seven 14-pin IC
C4G-C53, C67-D.001 J.LF, 1206 chip sockets, four 16-pin IC sockets, six

capacitor 20-pin IC sockets, one 24-pin IC
C54-C56, C58-C64, C68-0.1 J.LF, socket (O.S-inches), one PLCC44-

1206 chip capacitor pin IC socket, one G57 modified
C57-SS0 J.LF, 16 volts, radial elec- stamped PC bracket (Globe Mfg.),

trolytic one lug (Zierick # S34), 6-inch 50-
C6S-not used ohm coaxial cable RG187(O.1-inch
Semiconductors diameter), PC board, solder, etc.
IC1-74HCT245 octal tristate

transceiver
IC2, ICS-74HCT244 octal tristate

buffer
IC4-20L8 programmable array

logic (PAL)
IC5-0E10 application-specific inte-

grated circuit (ASIC)
IC6, ICB, IC14, Ic1S-not used
XXX
IC7-74HCT125 tristate quad buffer
IC9, IC1Q-74HCS74 tristateoctal D-

type flip-flop
IC11-AD7528 dual8-bit multiplying

digital-to-analog converter (DAC)
IC12-TL074 quad op-arnp
IC13-AD580 voltage reference
IC16-IC18-74AC11151 eight-to-one

multiplexer
IC19--74HCT74 D-type flip-flop
IC2Q-74HCOO quad NAND gate
IC21-74HC157 quad two-input

multiplexer

differen t devices on th e PClO
board. The address bus and vari­
ous contro l signals from the PC
are buffered by two 74LS244
buffers, lC2 an d IC3. Data buffer­
ing is p erformed b y ICI, a
74LS245 octal transceiver.

Although the OEIO con tains a
crystal os cilla tor, much b etter
performance can be obtained by
u sing a temperature-compen­
sated crystal oscillator a s the
timebase clock. The 1O-MHz crys-

loca ti on clears both co u n te rs.
Likewise, wr it ing any value to lo­
ca tio n STARTM starts a m ea­
s u reme n t cycle .

To perform a m easurement,
clear both cou nters by writing to
location CLRCNT. Next, program
CREG I an d CREG2 for the prop­
e r ty pe of m easuremen t , gate
time, an d input s ou rce. If pro­
grammab le gate times are re­
quired, program the terminal
cou nter to the required value. Fi­
nally, star t the me asurement by
writing to location STARTM. The
en d of the m easurement cycle
can b e moni tored b y polling
MCOMP, the measurement com­
plete pin.

The OE1O h as four signal in­
puts : A, B, C, and D. A an d B can
be used for al l types of measure­
ments , with the exce ption that
input A is the only input that can
be used for pres caled frequency
m easu remen ts; frequency a n d
period measurements require
only one input, an d use inputs A
an d B on ly. Time-interval and
ratio measurements require two
inputs, N B or C/D. Inputs C and
D are u s ed only for time-interval
an d rat io measurements .

The OE1O h as two cou n ters,
the main counter and the termi­
nal (or ga te) counter. The main
cou nter, which is a 36-b it binary­
code d de cimal (BCD) cou nter, is
used to collect th e measurement
data . It is driven b y a 5 -bit
Johnson counter that divides the
incoming signal by.10. The ter­
minal cou n ter is a 28-bit binary
counter that gen erates gate si g­
nals for a frequency or ratio mea­
surement, or provides an average
cou nt for period or time interval
measurements .

The PC10 interface, sh own in
Fig . 2 , is an 8-b it industry stan­
dard architecture (lSA) bus u sed
in IBM personal computers an d
compatibles (but not PS/2 com­
puters). The PC10 is con tro lled by
the PC th rough 32 in put/output
(110) ports. Since the PC decodes
only the bottom 10 bits of the I/O
address, the bas e address of the
board is s et b y the four DIP
switc hes (S1). The PC10 decode
logic consis ts of a programmable
ar ray logic (PAL) device, IC4 , a
74LS86 quad X O R gate, IC22 ,
four pull-up resistors R3-R6 ,
and a 4-pos iti on DIP switch, S 1.
The 20L8 PAL decodes the I/O ad­
dresses into s ign als that enable
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FREE CATALOG OF TEST INSTRUMENTS
& TOOLS is packed with thousands of prod­
ucts for testing, repairing, and assembling
electronic equipment. Featured are brand
name instruments such as Fluke, Tektronix,
Leader, Weller, 3M plus many more. Also in­
cluded are DMM's, hand tools, power sup­
plies, tool kits, test equipment, static supplies
plus many other new products. Orders placed
by 4 PM are shipped before we go home!
CONTACT EAST, 335 Willow St., No, An­
dover, MA 01845. (508) 682-2000, FAX:
(508) 688-7829 .

CIRCLE 55 ON FREE INFORMATION CARD

­CABLE TV CONVERTERS AND DE-
SCRAMBLERS SB-3 $79.00 TRI-BI $95.00
MLD-$79 .00 M35B $69.00 DRZ-DIC
$149.00. Special combos available. We ship
COD. Quantity discounts. Call for pricing on
other products. Dealers wanted. FREE CATA­
LOG.'We stand behind our products where
others fail. One year warranty. ACE PROD­
UCTS. P.O. Box 582, Saco, ME 04072 1
(800) 234-0726.

CIRCLE 75 ON FREE INFORMATION CARD

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

CIRCLE 127 ON FREE INFORMATION CARD

CALL NOW
AND

RESERVE
YOUR SPACE

Call 516-293-3000 to reserve space. Ask
for Arline Fishman . Limited number of
pages available. Mail materials to:
mini-ADS, RADIO-ELECTRONICS, 500­
B Bi-County Blvd ., Farmingda le, NY
11 735.

FAX: 516-293-3315

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

ads.
• We typeset and layout the ad at no

additiona l charge .

GENERAL TECHNICS COMPUTER KITS
offer a complete line of 8088, 286, and 386
models. Designed to the highest degree of
quality and reliability available today. They're
also fun, easy to build, educational, fully IBM
compatible, very powerful, and at wholesale
prices. All kits are pre-tested and include a
one year warranty, step by step assembly
manual, free software, and a 24 hour tech
support/order phone line. For free cata log
contact. GENERAL TECHNICS, P.O. BOX
2676, LAKE RONKONKOMA, NY 11779,or
call (516) 981-9473 , VISA, MasterCh arge ,
American Express, COD

CIRCLE 185 ON FREE INFORMATION CARD

NEW XST500 SUPER -MINIATURE FM
transmitter uses Surface Mount Technology
(SMT)! Own the smallest high performance
FM transmitter available. Transmits whispers
to any FM receiver up to a mile away. Uses 9V
battery. Complete, easy to assemble kit, with
SMT components already assembled to cir­
cuit board.$39.95 Cash, VISA, MC.COD add
$5. XANDI ELECTRONICS, 201 E. South­
ern Ave ., Suite 114, Tempe, AZ 85282.
1-602 -829 -8152, (1-800-336-7389 orders
on ly).
CIRCLE 191 ON FREE INFORMATION CARD

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

CIRCLE 127 ON FREE INFORMATION CARD

."' ·,-ff " ~ :~. :;:::'... .
GET YOUR RECHARGE CATALOG
FREE ..•EARN BIG $$ IN YOUR SPARE
TIME-All supp lies and Do-It-Yourself kits
with comp lete instructions available . Sup­
plies cost from $9.95 in qty and you can sell
recharged toner cartridges for $40 .00 to
$55.00 each. Printers include HP LaserJet
and Series II, Apple LaserWriter, QMS, etc.
Canon PC-25 Cop ier also. CHENESKO
PRODUCTS, 62 N Coleman Rd ., Cen­
tereach, NY /11720, 516-736 -7977,
800-221-3516, Fax: 516-732-4650
CIRCLE 179 ON FREE INFORMATION CARD
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start and stop frequencies and
dividing by ten. All markers are
indicated on the front panel
LEO·s. Figure 1 shows a swept
sine output of the sweep/gener­
ator displaying such markers at
25% intervals along the horizon­
tal graticule lines.

When you are in the RUN mode.
the markers should be turned off
when sweeping. A momentary
overshoot could occur that is not
actually present if the marker
switch was on during sweeping.
That effect is less likely to happen
at higher frequencies .

The amplitude level of the
swept sine-wave output may be

varied from 10 millivolts to 5
volts peak-to-peak by the SINE

LEVEL control. The output
Impedance is about 700
ohms, and the output

level is maintained
within 0.5 dB from 10

Hz to 100 kHz . Two
on-board trimmer

potentiometers al­
low adjustment of
the sine shape to
as little as 0.5%
total harmonic dis-

tortion. The very act
of sweeping gener­

ates its own type of
distortion, which can

be minimized by using
a long-duration sweep.
Another feature of the

READ mode is its capability
to move between the five

markers and cursor with the
SKIP button. and stay at a posi­
tion with the HOLD button. When
held at a particular position, the
frequency of that marker or cur­
sor can be read on the front panel
display. The Initial display is dim,
when It brightens after a few sec­
onds you'll have an accurate fre­
quency reading.

The cursor Is an additional
marker which can be adjusted to
a particular point of interest
while in the RUN mode. The user
can move the cursor marker with
the CURSOR potentiometer to any
point on the swept frequency.
The CURSOR is best used to deter­
mine the frequency of a point be­
fore going to the memory mode.
The cursor frequency Is read In ;:H
the READ mode the same way as ~
the marker frequency is read. §;:

Input and output jacks are 10- ~

cated on the front panel for con- u;
nection to an audio amplifier or ~

JOHN WANNAMAKER

Build this
sweep/marker

generator and dis­
cover the audio­
range frequency
response of your

amplifier or
filter design.

seconds per ten gratlcule divi­
sions in each of the three fre­
quency ranges. The SWE£<;P

output provides a sawtooth ramp
for the X input to an oscilloscope.

The frequency range that is
being swept uses five markers, or
brightened spots. equally spaced
at 25% intervals along the hori­
zontal graticules. The first and
fifth markers are adjusted to the
outer most graticule lines. The
frequency at each graticule line
can then be determined by tak­
ing the difference between the

AUDIO
SWEEP/MARKER

GENERATOR

Operating features
The sweep/generator

operates In two basic
modes: READ or RUN. In the
READ mode. the frequency
sweep range can be programmed
by adjusting the START and STOP

multi-turn potentiometers on
the front panel. Three user ad­
justable frequency ranges can be
swept Into the device under
test-3 Hz to 1000 Hz. 35 Hz to 20
kHz, and 3 kHz to 100 kHz. The
user adjusts the exact beginning
and end of the frequency range to
be swept.

While in the RUN mode. each of
the frequency ranges may be
swept in its entirety. or any
portion of the range, as low as
0 .4%. may be swept. The upper
100-kHz frequency range may
have up to 12% error over the en­
tire band. the amount of error is
roughly reduced in proportion to
the amount of the band being
swept.

There Is also a SWEEP RATE

potentiometer, which can be ad­
justed from 50 milliseconds to 30

A PICTURE IS WORTH A THOUSAND

words-especially when you 're
trying to determine the frequen­
cy response of an audio amplifier
or filter design. Our sweep/mark­
er generator lets you create an os­
cilloscope display that shows the
response of an of an audio sys­
tem. lt can be a useful tool for
designing and analyzing ampli­
fier and filter circuits.

With the sweep/generator. the
user programs a desired frequen­
cy range that is swept into the
Input of the device under test.
The response curve of the fre­
quency sensitive circuit is dis­
played on the scope screen. When
using a conventional storage
scope, multiple response
curves can be superim­
posed for"a helpful com­
parison of waveform
characteristics.

The sweep/gener­
ator can be used to
examine the tuning
response of an am­
plifier. check cir­
cuit stability or
even be used by
acoustic engi­
neers . Let's take a
closer look Into the
operation of this ver­
satile unit.
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FIG. 1-THE AUDIO OUTPUT SINE wave of the sweep/generator shows five equally
spaced markers.

c

a

FIG. 3-FILTER RESPONSES: (a) shows a
60-Hz notch filter, a smooth response is
displayed with a slow sweep of 30 sec­
onds, a faster sweep of 1 second gives
overshoots and misplaces the notch by
almost 2 Hz; (b) shows a 180-Hz notch
filter with selectable low-end gains , note
the same notch is retraced , indicating cir­
cuit stability ; and (c) shows a low-end re­
sponse of an amplifier with a 180 Hz notch
filter, one trace covers a 10- to 1010-Hz
range, the expanded view covers a 10- to
210-Hz range.

10HzT01010Hz

SWEEPTIME=
1 SECOND SWEEPTIME=

30 SECONDS

135Hz b

-Is con nected to the peak-hold in ­
put, the peak-hold output is then
con nected to the scope's Y input.
The scope will d isplay a contour
lin e that follows the positive "en­
velope" of the response curve.
That rather nice feature has a
nearly flat frequency respo nse
from 20 Hz to 20 kHz (with in
0 .25 dB)and can be used u p to 50
kHz.

The input to the peak-hold cir­
cuit sh ould n ot exceed 3 .5 volts
peak-to-peak. The circuit works
ade quately with an input as low

that type of scope is u sed , the
SWEEP output co n nects to the
scope's external trigger. Some
digital-memory scopes, unfor­
tunately, do not h ave the memory
capab ility when u sed in the X-Y
m ode, n or can they remember
s u pe r im p osed sweeps of dif­
ferent shapes. To u se the s to rage
mod e of a digital- memory scope,
the sweep/generator mus t be
synch ron ized wit h the scope's in­
ternal sweep, and the sweep rates
mus t b e a djusted fo r similar
times . Wh en a di gital-memory
scope is u sed, the SYNC outpu t of
the sweep/generator con nects to
the exte rnal trigge r of the scope .
The dual- trace feature of a dig­
ital-memory scope must be u sed
in order to ac h ieve a suitable dis­
play. Those va r ious con nections
are s hown in the side bar u nder
Operating Instructi ons.

A peak-hold circuit is in corpo­
ra ted in the sweep/generator to
create a clear base line reference
of the frequ en cy response curve.
The output signal from the prod­
uct to be tested may be fed di­
rectly into the scope 's Y inpu t ,
but there will be n o well-defi ned
base line because of the mirror­
im age of the au dio response. The
peak-hold circuit overcomes that
problem by momenta rily holding
the peak value of each pos it ive
alter nation of t he s ignal, a n d
then quickly re ducing to zero.
The output from the tested device

Y mode for a proper display.
Conventional analog storage

scopes are best suited for u s e
with the sweep/generator. When

- SWEEP SINE - IN
AUDIO• SWEEP/MARKER

OUT GEN. IN
AMP- OUT

PEAK HOLD

B
OSCILLOSCOPE
OX

OY

filter device and an oscilloscope .
A conventional, digital memory
or storage scope may be u sed
with the sweep/generator, how­
ever the connections are dif­
ferent. Figure 2 s hows 'a basic
connecting diagram that can be
used with a conventional scope .
The swept sine output connects
to the audio input jack , the audio
outputjack connects to the peak­
hold input jack of the sweep/gen­
erator. The sweep output and
peak-hold outputs of the sweep/
generator connect to channels X
and Y of the scope, respectively.
The scope must be used in the X-

(JJ

~ FIG. 2-A CONNECTING diagram shows
o how the sweep/generator can be used
g: with a con venti onal scope.
o
w
...J
W

6
o
«
a:
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FIG. 5-THE SWEEP/GENERATOR CAN BE USED as a tool in testi ng the acoustic re­
sponse of a room. The amplified swept sine wave is projected into a room, and is picked
up by a microphone, whose signals are then amplified with a linear amp and fed into the
peak-hold circuit.

frequency sweep is 50 kHz, at 5
kHz per CRT graticule division.
The C U R S OR marker, at 52.5 kHz,
is at the peak of the curve.

Figure 4-b shows an audio am­
plifier's frequency response fro m
20 to 120 Hz. The mi rror image of
the response curve is displayed
in both Figs. 4-a and -b because
the peak-hold circuit is not in
use .

An unusual application of the
sweep/generator is in the field of
acoustic engineering. The gener­
ator can be used as an aid in
acoustic design by amplifying a
swept sine wave into a speaker,
and projecting that sound into a
room, or perhaps an auditorium.
The acoustic response of the
room is picked up by a micro­
phone, whose signals are fed into
a linear amplifier. The output of
the linear amplifier is connected
into the peak-hold circuit of the
sweep/generator. A block di­
agram showing the connections
for an acoustic response arrange­
ment is shown in Fig. 5 . A high
quality linear amplifier should be
used to pick up microphone sig­
nals . Also, the frequency re­
sponse of the audio amplifier and
speaker should be known to
avoid misinterpretation of the
amplifier response with that of
the acoustic response of the
room.

Figure 6-a shows a line con­
tour-display of an acoustic re­
sponse of a room with the peak- 'T1

hold circuit in use . The upper HJ
display is swept over a frequency ::Dc
range of 1 kHz to 3 kHz (200 Hz l>

per graticule division), while the ~
lower display varies over a 45 Hz CD

to 5045 Hz range (500 Hz per CD

45

b

FIG. 6-SCOPE DISPLAYS show an
acoustic response of a room: (a) shows a
line-contour display where the top is
swept over 1 kHz to 3 kHz, the bottom is
swept over 45 Hz to 5045 Hz; (b) shows a
filled-in display which is ach ieved by in­
creasing the scope's intensity.

selec ted at 62 Hz, 80-Hz, 97 Hz ,
108 Hz a nd 135 Hz. The filter's
s tab ility is illustrated by retrac­
ing the same n otch at the various
frequencies . Figu re 3-c shows a
low-end response of an amplifier
with a 180-Hz n otch filter. One
trace ranges over a frequency of
10 Hz to 1010 Hz, the other trace
is an expan de d view with a fre ­
quency range of 10 Hz to 210 Hz .

Figure 4-a sh ows th e use of a
cursor in an L-C circuit. The total

Sweep/generator uses
An example of the sweep/gener­

ator being u sed to determi n e the
frequency response of a n otch fil­
ter is s hown in Fig. 3-a. The ad­
vantage of a s low sweep wit h its
inherent little di s tortion of the
sine wave is seen in the two su­
p e ri mp o s ed swee ps. Th e
smoothest response is at a sweep
t im e of 30 secon ds. The faster
sweep of 1 secon d s hows over­
shoots and a d isplacement of the
n ot ch frequency t hat are n ot
presen t at the slower sweep rate.

1\\'0 in teres ting dis p lays a re
shown in Figs. 3- b an d -c. Figu re
3-b shows five superim pose d re­
sponse curves of a 180-Hz notch
filter wi th variable low-end gains

as 35 millivolts peak-to-peak, but
any value below 20 mill ivolts
peak-to-p eak will come out as a
base-linevalue of abo ut +5 milli­
volts peak-to- peak.

Now that we've introduced you
to so me of the ope rating fea tu res
of the sweep/generator, let 's ex­
am ine so me of the scope di splays
it can produce .

FIG. 4-PEAK-HOLD CIRCUIT not in use,
note how the mirror image is displayed:
(a) shows an L-C tuned circuit, the fre­
quency sweep is 50 kHz at 5 kHz per divi-

- sion, with the CURSOR marker at the curve
peak, 52.48 kHz; (b) shows an audio ampli­
fier frequency response from 20 Hz to 120
Hz.



Theory of operation
1Wo PC boards a re used in the

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

R1-3900 ohms
R2, R5, R1 5, R19, R24, R25, R26,

R39, R41, R58, R59, R77, R99­
10,000 ohms

R3, R47-3300 ohms
R4, R28, R31-50,000-ohm potenti­

ometer
R6-10,000-ohm multiturn potenti­

ometer
R7- 2000-ohm 10-turn potentiome­

ter
R8-2200 ohms
R9-2000-ohm multiturn potentiom­

eter
R10-6800 ohms
R11-10,OOO-ohm to -turn potentiom­

eter
R12, R13-1 megohm, 1%
R14, R1 7-47,OOO ohms, 1%

- R16:-5000-ohm mLiltitu rn pote riti=- -
ometer

R18, R80, R9D-100,000 ohms
R20, R79-1000 ohms
R21 , R23-10,000-ohm potentiome-

ter
R22-12,000 ohms
R27-500-ohm potentiometer
R29,R32,R33,R36,R49,R54,R56,

R67-R71 , R92, R102, R103-4700
ohms

R30,R34, R38, R48,R50, R51 , R53,
R73, R76, R78, R81 , R82-47,000
ohms

R35, R40-68,OOO ohms
R37-15,OOO ohms
R42-1.5 megohms
R43, R83, R87-150 ohms
R44, R46, R91, R100, R101-1500

ohms
R45-50,000-ohm potentiomete r

with SPST switch
R52-270,000 ohms
R55-4.7 megohms
R6Q-R66,R94, R95-1000hms
R72-68 ohms
R74-1 megohm
R75-10 megohms

grat icu le division).
An alte rnate filled-in display is

s hown in Fig. 6-b. The area un­
der the response curve is filled­
in , r a ther than h avin g on ly a
bas e line and co ntou r line. A
filled-in display can be achieved

B by increasing the inten sity level
z on the scope . The mat n dis ad­
a? van tage of that type of display is
t; its inability to display multi ple
~ t races.
w
o
o
~
a:
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PARTS LIST

R85, R86-10 ohms
R84, R87-R89--unused
R93, R97-4.7 ohms
R98-330 ohms
Capacitors
C1, C2, C17, C26, C29, C32, C66,

C68, C69-10 fLF, 25 volts, elec­
trolytic

C3, C6, C7, C15, C30, C31, C36,
C37, C65, C91, C94-0.001 fLF,
Mylar

C5, C9, C11, C14, C23, C28, C33,
C61-Q.01 fLF, Mylar

C4, C13, C16, C25, C60, C73, C74,
C75-0.1 fLF, Mylar

C8, C64-22 pF, ceramic disc
C10-470 pF, ceramic disc
C12, C39-C59, C76-C89--unused
C18-100 fJ.F, electrolytic
C19-.0068 fLF, Mylar'
C2D-0.004 fLF (four 0.001 fLF 1%

capacitors in parallel), Mylar
C21-0.8 fLF (0.33fLF and 0.47fLF

wired in parallel), Mylar
C22-Q.033 fJ.F, Mylar
C24, C27, C35-0.005 fJ.F, Mylar
C34,C38, C62, C67-47 fLF,16volts,

electrolytic
C63, C95-100 pF, ceramic disc
C7D-3300 fJ.F, 25 volts, electrolytic
C71 , C72-1000 fLF, 25 volts, elec-

trolytic
C9D-10 fJ.F nonpolar, electrolytic
C92-470 fLF, 16volts, electrolytic
C93-see text
C95-47 pF, ceramic disc
C96-Q.05 fLF, Mylar
C97-2200 fJ. F, electrolytic
Semiconductors
IC1 , IC14, IC15-XRL555 timer
IC2-CD4040,12-stagebinary ripple

counter
IC3-DAC1222LCN D/A converter
IC4, ICB, IC7, IC8, IC9, IC23-IC25­

CA3140E op-amp
IC5-LM336Z 2.5-volt reference di­

ode
IC10, IC26-CA3130E op-arnp
IC11-CD4068 8-input NAND gate

sweep/generator: a main board ,
co nsis ting of a function ge ne r­
ator, cou n te r, and analog-to-d ig­
ital co n ve rs ion circu itry, a n d a
power su pply bo ard, which also
includes the peak-hold circuit. A
sc hematic of the main PC board
is shown in Fig. 7. On this board,
an XR2 206 functi on ge nerator
ch ip. lC16, is used as a cu r rent­
controlle d os cilla tor. A low- to­
h igh fre q uency sweep occurs
when cu r rent flow from grou nd
in to p in 7 varies from near zero to
abou t 3 milliamps. That current

IC 12-CD4538BCN/BCP or
MM14538BCN dual-precis ion
monostable multivibrator

IC13-CD4017 decade counter/di­
vider

IC16-XR2206 monolithic function
generator

IC17, IC18-RDD1 04 timebase
IC19-74C926 counter
IC2D-7812 12-volt positive regulator
IC21-7912 12-volt negative reg-

ulator
IC22-7805, 5-volt positive regulator
Q1 -Q13-2N4401 transistor
Q14-2N2219 transistor or

VN0300M MOSFET (see text)
D1-D7-1N914 diode
D8, D9, D1D-1N4001 diode
DSP1-NSB3881 , 4-digit,7-segment

LED display
LED1 -7-LN28CAL(US) Panasonic

high-efficiency light emitti ng di­
odes

Other components
S1 , S2-momentary contact push­

button switch, SPST
S3-0N-OFF-ON togg le switch ,

SPDT
S4-SPST switch mounted on R45
S5-3PDT toggle switch
S6-3-pole, 4-position rotary switch
S7-SPST toggle switch, 1.0 amp,

125 volts AC
T1-120 volts primary, 12.6volts sec­

ondary, 0.6 amps
J1-J6-RCA chassis mount phono

jacks
XTAL1-5-MHz crystal
F1-0.5-amp fuse
Miscellaneous: Fuseholder, a-con­

ductor 18 AWG line cord, Jameco
enclosure type H2507, DIP sock­
ets and hardware.

Note: A set of 2 PC boards is avail­
able from John Wannamaker,
Route 4, Box 550, Orangeburg,
S.C. 29115: $43.00, postage paid,
S.C. residents add 5% sales tax.

change takes place when a dig­
iti zed ramp, or sweep voltage, is
applied to the bas e of Q1.

The ramp voltage is created by
applying pulses from an astable
multivibrator, lCI, into a 12­
s tage binary cou n ter, lC2 . The re­
su lting binary-coded outputs are
conver ted in to an analog voltage
by a 12-bit digital-to-analog con ­
verter, lC3 . The output of the con ­
verter at pin 1 mus t feed into the
virtual grou n d of op-am p lC4.
The output of lC4 h as an appar­
en t straight-line voltage rise, but
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FIG. 7-THE MAIN BOARD SCHEMATIC; IC16 IS USED AS a current-controlled os ­
cillator-a frequency sweep is generated when current flow from ground to pin 7 varies
from 0 to 3 lTIilliamps. IC5 is a 2.5-volt precision voltage regu lator used to minimize
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FIG. 8-THE COUNTER AND POWER-SUPPLY BOARD SCHEMATIC; The time-base for
the counter orig inates from IC17and IC18:A 5-MHz crystal oscillator is used by IC17and is
programmed via pins 1 and 2. The output of IC18is a square wave which provides a 0.1or1
second sampling of the frequency to be measured by the shorting or non-shorting action
ofC8.

eno
~ . in reality it is composed of 4, 096
~ small steps. When the frequency
fa of IC1 changes, the ramp's slope
m and durat ion change.
o Two inverting uni ty-gain op­
~ amps, IC6 and IC7 , provide level­
c: shifting controls for a djusting
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bo th en ds of the ramp. That per­
m its a djustable start and s top
po ints as well as some limit-set­
ting to protect IC16.

Op-amp IC8 and transistor Q1
act as a voltage-to-cu r ren t con­
ver te r for the most linear con trol

over the frequency of the IC16.
Frequency drift is a problem, es­
pecially within the true audio
range, which is at the low end of
the middle range . When a devi ce
operates in th e audio range, a 1­
millivolt drift can cause a change
of 18 Hz. To minimize frequency
drift, a 2.5 volt precision voltage
regulator, IC5, is used, and after
one hour of warmup time, the



J5
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+12V

R94
1000

G97
2200l1F R93

4.70

plied to the inverting input an d
an adjustable DC voltage fr om
the C U RS O R potentiometer is ap­
plied to the non-inverting input.
When the ramp rises to equal the
DC voltage, the op-arnps output
falls to zero and actuates ICI2-b
to provide an added marker. The
reason for the complexity of h av­
ing two one shots to generate
markers is that the cursor mark­
er must be counted by all mark­
ers, not just by ICI3. The.cuas oa
marker must hold the astable ICI
reset for a period of time.

The MARKER WIDTH control is a
variable resistor with a n at­
tached switch, S4. When S4 is
turned off, there are no markers,
but the sweep will cover the same
frequencies as if the m arkers
were present.

The frequency sweep for th e
middle range , or au dio spectrum
range, presents a problem for a
four-digit counter display. Reso­
lution is poor at the low end if th e
readout is in kHz, and if the read­
out is in Hz, the most significant
di git would be missing on th e
high end. To overcome that prob­
lem, the middle range occu p ies
two positions on the S INE RANGE

switch, and the u ser may select a
readout in either hertz or kilo-
hertz. ;:H

.Th e counter and power-supply ~
circuit is sh own in Fig. 8 . The ~
timebase for the counter comes ~
from ICl? an d ICI8, both a re co

continued on page 70 ~
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Rl01
1.5K

J6 G90

It,"'::lOOK

C91• 'OOpF

. OR 2N2219
(SEE TEXT)

FIG. 9-A SCHEMATIC OF THE PEAK-HOLD CIRCUIT; IC23 AMPLIFIES the signal from
the tested device, and reproduces only the positive alternation of the waveform. Tran­
sistors 013 and 014 act as switches-when open, C93 charges to the peak value of the
positive alternation, then holds the peak value. The top portion of that charge is one
segment of the positive contour line.

one-second sampling of an un­
chang ing frequency can be
taken. To keep the u ser aware of
that, the display is dimmed until
the readout is valid. An accurate
readout may not be 'ava ilable to
the user until three seconds after
stopp ing on a marker. A three­
secon d del ay is provided for all
automatic stops before the dis-
play is brightened. .

Integrated circuit IC14 is used
as the one-shot, three-second de­
lay for the automatic stops. A
three-second delay is triggered
every time the marker one-shot,
ICI2-b, is activated. The delayed
falling edge out of IC14 at pin 3
triggers another one-shot, ICI5,
which produces a long duration
"b r igh ten " pulse to QlO in the
power su p ply. Once the brighten
one-sh ot is triggered, it has the
capacity to remain on for several
minutes, but its time is cut sh or t
by ICI2-b , which resets after 15
seconds. The H OLD pushbutton
can exte n d this time if held
pres s ed. The HOLD pushbutton
also applies a positive voltage to
the input of the 12-stage counter
and prevents pulses from en ter­
ing. Timers IC14 and IC15 are
typeXRL555 made by Exar. Stan­
dard 555 IC's do not work in this
application .

The CURSOR marker is gener­
ated in a totally different manner
from all other markers. A s ingle
op -amp, IClO, is used as a com­
parator. A digitized ramp is ap-

dri ft averages about 5 or 6 Hz per
hou r.

An 8- in put NAND gate, ICll ,
provid es a falling edge output at
25 % increments as the ramp is
taking shape. That fall ing voltage
triggers ICI 2-a , a one-shot mono­
s table m ult ivib rator, wh ich then
applies a lO-millisecond input
pulse to decade coun ter, ICI 3 ,
which has one-of- ten d ecoded
outputs. Each of the five counts
light separate LED's to indicate
which marker is in p rogress.

The highlighted m a rker fr e­
quency is estab lished b y the
technique described below. The
pin 9 output of ICI 2-a tr igge rs a
one-shot monos tab le multi­
vibrator, ICI2-b. Its pulse width
may be either fixed at 15 secon ds
or variable from 10 to 150 millise­
conds depending on whether the
unit is in the READ or RUN mode.
During the time that the voltage
at pin? has dropped to zero, asta­
ble ICl 's RE S E T pin is h eld and
cannot fu rnis h pulses to the 12­
stage counter. The cou n te r holds
whatever coun t ex ists a t that
time which ultimately translates
into a s teady con trol cu r rent at
ICI6, and a s teady frequency out
of it. The contin u ous frequency
out of IC16 is the m arker fr e­
quency. Each time t he ramp
stops, the sweep applied to the
scope's X input holds a s teady val­
ue. That stops the trace in its
tracks and the unmoving elec­
tron beam creates a bright spot
which is the marker. If there is a
signal at the Y input, the marker
becomes a brightened verti cal
line.

The STOP marker is generated
on the cou n t of 4 ,092. After its
completion, fou r more cou n ts re­
turn th e 12-s tage counter to an
all-zeros output condition , the
ramp r eturns to its starti n g
point, an d a synch ron ized pulse
is generate d by trans istor Q2 .
That same puls e resets lel3, the
LED markers cou nter, an d the
voltage that had previously lit the
ST O P LED falls to zero. That fall
retrtggers ICI2-a and a new se­
quence begins.

The built-in counter that di s­
plays the marker frequency can ­
not give a m eaningful readou t
when it is in the RUN m ode be­
caus e t he fre q uency is con­
tinually changing. A valid fre­
quency readout can be di splayed
only in the READ mode, where a



which has to do with the fact that
at high frequencies, alternating
currents tend to travel mainly at
the outside surface, or skin, of a
conductor. Since the skin effect
essentially removes current from
the center of a conductor, effec­
tively reducing it's cross-sec­
tional area, it causes an increase
in the impedance of a conductor
at high frequencies.

Actually, when frequency is
high enough, a tube or pipe will
have the same effective resis­
tance as a wire of the same diam­
eter. That fact can be used
simplistically to account for the
use of waveguides rather than
wiring at microwave frequencies .
But concerning high frequen­
cies, how high is high?

Supposedly, the skin effect be­
comes important above about 30
MHz, but a recent ad for speaker
cables claimed perceptible bene­
fits from reducing skin effect at
20 kHz. Soon after, articles ap-

really worth the money?
out for sure!

poetically described as a blend of
straw and chicken manure. Pre­
dictably, he soon became dissat­
isfied with the quality of the rec ­
ord player, and his junior-high
and high -school years were
marked by repeated attempts to
upgrade the equipment without
spending any money.

Along came the late '70's, and a
new product was aimed at the pu­
rists: beastie cables (the name
has been changed to protect the
author!), which are expensive
heavy-gauge speaker cables. The
old purism surged forward, re­
membering the effects of cable re­
sistance on damping factor and
the effect of cable capacitance on
high-frequency response-but
the ads also spoke of skin effect,

Are expensive speaker ca Ie
This article tells how we fl u

WILL

"DWTIE"
SPEAKER

CABLES
IMPROVE
YOUR AUDIO?

THE PURIST WILL TELL YOU THAT IF

something's worth. doing at a ll,
it's worth doing well-and that's
the case with the author of this
story. The author always loved
music, and was probably doomed
to permanent audiophilia from
day one. Even in 1960 at age 12,
when he and his sister pooled re­
sources to buy their first 45-RPM
record (Pat Boone's "Love Letters
in the Sand"), he recalls that,
even on a monophonic, crystal­
cartridge record player, there was
an audible difference between
the quality of a decent LP and the
45 . Even though it should have
sounded better than an Lp, the 45
was bassier, noisier, and some­
what distorted, being pressed on
what a broadcast engineer later
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~ RICHARD A. HONEYCUTT

50

.......... .



FIG. 1-THIS CIRCUIT IS roughly equiv­
alent to an amplifier, speaker, and length
of cable .

Note : The wire must make a com­
plete round trip, so there 's 20 feet of
wire in a to-toot speaker cable.

TABLE 1
RESISTANCE OF COPPER WIRE

Gauge Resistance
(ohms/foot)

RESISTANCE. INDUCTANCE.
AND CAPACITANCE OF CABLE

/
A. ,

"., YVY 'Y Y

lour
} MOO"(OFAMPi :::::: c APPROXIMATION

ICf
~ OF SPEAKER

~

Z S P E A K E R

in ser ies with the speaker. Sin ce
the s im ple loss calculati on in Fig.
2 dep ends upon the com b ined re­
sistance of the speaker and the
cable, the resis tive power loss will
be related to the damping factor.
Thus we can fin d a rela tionship
between damping factor an d low­
frequency lo s s . In the Audio
Cyclop edia Howard Tremaine es ­
tablished that there is no value in
trying fora damping factor great­
er th an 204 • Tha t is bas ed on the
fact that the speaker's voice-coil
res istance appears in the circ u it,
an d its value- typically 6 to 7.5
ohms for a n S-oh m speaker­
sets a practical limit on the bene­
fits of reducing other resistances.
The effect ive damping factor is
equ al to :

TOTAL
CABLE

RESISTANCE

01 SPEAKERY IIMPEDANCE

1.CABLE RESISTANCE=
0.1 x SPEAKER RESISTANCE

2. RESISTANCE PER FOOT =
TOTALCABLERESISTANCE

TWICETHEAMPLIFIER-TO-SPEAKER DISTANCE
3. SElECT GAUGEFROM TABLE 1

assu m ing a 6-ohm voice-coil re­
sistance. With most amplifiers
h avlng output impedances on
the order of 0.1 ohm or less, this
would mean that th e cable resis­
tance could b e 0 .3 ohms. The loss
in dB corresponding to an S-oh m
speaker fed th rough a 0. 3-ohm
cab le is :

=20l0g I 0 ( D SD D)= -O.32dB ~
S + 0 .3 c»

That means t hat for a n op- ~
timum effect ive damping factor, U;
the resistive cable loss should be (0

R VOIC E COIL + R AMP + R C ABLE

A s ta ted amplifier damping fac­
tor of 20 would represent a total
resistance of S ohms divided by
20, or 0.4 ohms in ser ies with the
amplifier. That wou ld g ive an
effective damping factor of:

SD
- - - - =1.25
6D +0.4D

FIG.2-HERE'S THE TRADITIONAL meth­
od normally used to determine speaker­
cable gauge by loss.
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cab le for a m p li fie rs up to 100
watts feeding impedances of S
ohms or more with runs of25 feet
or less. For each halving of im­
pedance or doubling of a m plifier
power or di stance, the wire size
would increase by two gauges ; 16
gau ge for 100 watts into S ohms
at 50 feet or 4 ohms at 25 feet, etc.
That rule of thumb includes a
sa fety factor so that the los s will
always be less than 10%.

The National Electrical Code
specifies cab le g a uges b ased
upon safety considerations; if a
wire carries too much cu r re n t
over a long enough period of
time, it can become dangerously
hot and start a fire . Going back to
the rule of thumb, a speaker with
a n average impedance of S ohms
fed by a 100-watt amplifier will
draw about 3.5 amperes at full
power. However, even running at
full tilt, it 's unlikely that the aver­
age power will be greater than
one-third of your amplifier's max­
imum, so the rule of thumb pro­
vides a large safety margin from a
fire-prevention standpoint.

The damping factor can be de­
fin ed as the ratio of a speaker's
impedance to the total resistance

peared in professional trade jour­
nals mentioning the likes of Lu­
cas film using the enormous ca­
bles , s o some real res earch was in
order.

The g oal was to find out
whether b eastie cables did in
fact:
• Reduce the amount of power
los t in the cable enough to pro­
vide a s ign ifica n t improvement
in effic iency, or
• Increase the damping factor of
the speaker/amplifier system
en ough to provide audible im­
provement, or
• Provide any significant benefit
in the frequency response of the
sys tem .
No other benefits are claimed for
these cables , so it is \n ot neces­
sary to look for undiscovered or
presently u nmeasurable effects.

The problem was attacked both
analytically and experimentally.
The equivalent circuit of a real
loudspeaker driven by a real am­
plifier through real ca b les is
sh own in Fig . 1. Any effects pro­
duced by the cables must show
up in the cable resistance, capac­
itance, or inductance. The effi­
cien cy and damping-factor ques­
tions depend almost exclusively
upon the cable resistance, where­
as the frequency-response ques­
tion is mainly a function of the
cap acita n ce. Wire inductance is
so small compared with the semi­
inductive n ature of speake r im­
pedance at high frequencies that
it can be ignored, as we will see.

The cable resistance is made
up of three components : the con­
tact resistance, the ohmic resis­
tance of t he wire, and any
contribution from skin effec t.
The ohmic resistance can easily
be found from wire tab les in most
elec t ron ics reference books . Ta­
ble 1 shows the resistance of a
representative sampling of cop­
per cables , listed according to
gauge. For yea rs, selection of ca­
ble gauge has been m ade accord­
ing to the cr iter ion of 10% loss. In
other words , for a g ive n cable
length, what resistance will give
no more th a n 10 % (0 .46 dB)
power los s at the speaker? Figure
2 sh ows the calculations involved
in determining that value . For
short cab le runs , the resulting
gau ge is surprisingly small.

About fifteen yea rs ago when
the author was an audio consul­
tant, he would specify IS -gauge

51



TABLE 2-MEASURED CHARACTERISTICS OF CABLES

FIG. 4-A COMPUTER SOLUTION, or prediction, of the model in Fig. 1 yielded these
results. The worst-case 1055 is well under 1 dB at 20 kHz.

20K10K5K

-- 4-GA. CABLE

2K

using stranded wire that has less
skin effect.

The actual resistance, capaci­
tance, and inductance of a cable
are distributed evenly along its
len g t h . Telep h on e engineers
found out long ago that, for anal­
ysis purposes, a cable's R, C, and ,
L can be lumped into a s ingle
component if certain conditions
are met. The conditions depend
upon the attenuation constant
and length of the cable. The at­
tenuation constant (a) is given
by:
IX = Y(R2 +w2L2)(G 2 +w2C2 ) +RG - w2LC12

where R, L, C, and G are the ca­
ble's resistance, capacitance. in­
ductance , and leakage con ­
ductance per unit length , and w
is the angular frequency, or 2nf.

The author does not like to lie
awake nights solving equations
like that, and tables of attenua­
tion constant versus frequency
are not generally available for th e
kinds of cables used for speaker
leads. However, tables for 19­
gauge pulp-insulated telephone
cable indicate that a 3-kilometer
cab le section can be analyzed
using the lumped-constant

200 500 l K
FREDUENCY (Hz)

- ---- 18-GA. ZIP

- '--' 16-GA.ZIP

10050

1

~:-
--- _.-

-:.=.:~ -_:':~ :i":-.. - - -- _._- --- -- - - ---- -- - - - ..
1

2

3

4
20

LEGEND

- - - 22-GA. CHEAP

_ ..- GUITAR CORD

Cable Type C l R*
(pF/ft) (f.l.H/ft) (ohms/ft)

22-ga. cheap 10.7 0.29 0.0178
18-ga. zip 14.0 0.28 0.007
20-ga. twist 18.0 0.36 0.0107
4-ga. cable 50.8 0.29 0.0007
16-ga. "drop cord" 22.4 0.38 0.006
shielded "guitar cord" 105.8 0.30 0.048
16-ga. zip 12.5 0.23 0.0127

+ 2

+3

+ 4

*One-way resistance, not loop resistance; that includes the contact resistance of
the terminations.

nificantlyabove 1, skin effect may
begin to matter. We say may, be­
cause it only matters if the total
resulting increase in cable resis­
tance causes a perceptible effect
in the reproduction. For a fre­
quency of 15 kHz, RAc/Roc
equals 1.1 when a IS-gauge solid
wire is used. Larger wires will ex­
hibit a greater proportional in­
crease in resistance as frequency
increases. Ofcourse, since the re­
sistance of large wires is lower to
begin with, the actual change in
measured resistance mayor may
not matter.

Stranded wire is extremely dif­
ficult to analyze. Naturally, each
strand has a certain surface area,
so that all the strands connected
in parallel would h ave a very large
surface area. In actuality,
though, much of the surfaces of
the individual wires are in con­
tact with each other, making the
actual effective surface area vir­
tually impossible to determine­
unless the individual strands are
insulated from each other, as in
litz wire. At any rate, we can use
solid wire as a worst case to ana­
lyze, knowing that we'll really be

SKIN
DEPTH

OUTSIDESURFACE
OF CONDUCTOR

less than 0.32 dB. Just for com­
parison purposes, a I-dB cable
loss, which would result from a
0 .9-ohm cable resistance, would
result in an effective damping
factor of 1.14, which is not much
lower than 1.25.

As mentioned earlier, skin
effect increases the effective im­
pedance of a wire, and can be
best expla ined by looking at Fig.
3. The skin depth of a conductor
is the distance into that conduc­
tor, measured from the outside
s urface, at which current density
is lie times that at the surface.
(The symbol e stands for the base
of natural logarithms, and
equals approximately 2.72.) For a
direct current, the current densi­
ty (amperes per unit cross-sec­
tional area) is the same through­
out the wire. For AC, the current
dens ity is less at the center of the
wire and greater at the surface.

At low frequencies, the skin
depth (which depends on charac­
teristics of the bulk conductor
material) is usually greater than
the radius of the conductor,
which means that for all practical
purposes the current density is
the same throughout the con­
ductor. Larger-diameter conduc­
tors can exhibit measurable skin
effect at relatively low frequen­
cies, in clud in g audio frequen­
cies.

Th e simplest indicator of skin
effect is the ratio RACIRO C ' where
RAC is the resistance per unit
length of a wire to alternating
current of a certain frequency
and Roc is the ohmic resistance
per unit length. As long as RAC /

Roc equals 1, skin effect is negli­
gible. When RAciRoc rises stg-

CJ) CURRENT DENSllY HEREIN
o AMPERES PER SQUARE METER IS
~ 1/2.12 TIMES THE CURRENT DENSITY
a:: AT THE CONDUCTOR SURFACE.

t5
~ FIG. 3-THE SKIN EFFECT increases the
w effect ive res ista nce of a wire. The skin
6 depth is the distance into the conductor at
~ which the current density is approximate­
a:: Iy 113 of that at the surface.
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FIG. 7-SEE HOW THE ACTUAL MEASURED CABLE LOSSES compare to the predicted
losses of Fig. 4.

FREQUENCY (Hz)

FIG. 6-THE MEASURED IMPEDANCE CHARACTERISTICS of the test speaker.
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amplifier and. if the distance is
short. no serious detriment to
efficien cy will result . Damping
factor is degraded slightly when
cables 'lighter than I8-gauge are
used, as s hown by the loss ex­
ceeding 0 .32 dB. But what will
happen if longer cables are used?

From previous measurements.
ordinary Romex house-wiring ca­
ble is found to have about the
highest capacitance per foot of
any com mon wire. With the fac­
tors mentioned earlier that con­
trol skin effect, it is also clear that
small wires will not experience
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always trustworthy. so the actual
response of the cables was mea­
sured on the setup shown in Fig .
5 . The impedance characteristic
of the test speaker is shown in
Fig. 6. Although the amplifier
was flat within ±0.2 dB from 20
Hz to 20 kfiz, the amplifier's cal­
ibration curve was nevertheless
subtracted from the measured
results in order to provide max­
imum accuracy. The test results
are shown in Fig. 7.

Initial results seem to indicate
that virtually anything can b e
used to connect a speaker to an

method at 1 kH z wi th a total at­
tenuation und er 1 dB and a
phase accuracy within 5 degrees .
Although it may not be imme­
diately obvious to the casual ob­
serve r. a tten uat ion constan t is
propor tional to the square roo t of
frequency, s o that would mean
that the same a ccu racy could
be expected at 20 kH z if the
length were reduced by

V20 kHz/i kHz
that works out to a bou t 2100
feet. Since we rarel y extend
speaker cab les a n ywhere n ear
that far. we ca n s afely u s e the

. lumped-constant method with
no qualms. That's what was as­
sumed in Fig. 1.

Table 2 shows the types of ca­
bles chosen for the analysis,
along with their measured resis­
tance . capacitance. and induc­
tance. .The values were measured
using a Hewlett-Packard 426IA
LCR m eter and a test frequency of
1 kHz. Instead of a .speaker, a re­
sistance of 7.9 ohms and an in­
ductance of 6.3 microhenries
were used in the calculations. In­
s tead of "real " beastie cables. we
used ones that were on hand. in­
cluding a very large (4-gauge)
stranded cable. If those cables
showed no measurable detri­
mental effects on efficiency.
damping-factor. or frequency re­
sponse. then th e alleged beastie
benefits would turn out to be so­
lutions to a nonexistent problem!

A computer solution of the cir­
cuit of Fig. 1 yielded the results
plotted in Fig. 4 . A lO-foot length
was assumed for each cable, and
it included the effects of cable ca­
pacitance and inductance. but
not the skin effect. Notice that
the worst-case loss was well un­
der 1 dB at 20 kHz.

Computer solutions without
experimental verification are not

"Tl
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FIG. 8-SIGNAL LOSS OF 40 FEET of 12-gauge Romex cable.
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FIG. 5-THIS TEST SETUP was used to
measure the effects on an aud io signa l
caused by speaker cables.
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-- INCLUDING SKIN EFFECT

- - - R, L, AND CONLY

FIG. 9-SIGNAL LOSS OF 100 FEET of 12-Gauge Romex cable .
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perienced in "distance education"­
teaching by correspondence-through
prin ted materials, computer materials,
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No commuting to class. Study at
your own pace, while continuing on
your present job . Learn from easy-to­
understand but complete and thorough
lesson materials, with additi onal help
from our instructors.

Our Computer B.S. Degree Pro­
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and more.

Our Electronics B.S. Degree Pro­
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An important part of being pre­
pared to move up is holding the right
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s ign ifican t sk in effec t , an d la rge
ones will , but even a large pe r­
centage change in a la rge wire's
s mall res is tance is of little con ­
seque nce. Tryi ng the RAC/R oc
va lues for va r ious cable di ame­
ters in conju nction with the com ­
pu ter analysis, 12-gauge sol id
wire is found to h ave abo u t the
worst s k in effec t of any cable.

Therefore, if any typ e of speak­
er cab le cou ld cause frequency­
response p robl ems , the high ca­
pacitance a n d the s kin effect of
12-gauge Romex s h ou ld ma ke it
the ideal bad exam ple. Another
run was m ade u sing a 4 0- foo t
length of Romex, b oth in to a
dummy load a n d into the tes t
speake r. In the graph of Fig . 8, we
see a h efty Y2-d B droop at 20 kH z,
compared to the respons e a t 20
Hz. The overall s ignal loss an d
damping-factor degradation a re
less than those of the s maller ca­
bles that are shown in Figure 8,
due to the lower resi s tance of 12­
gauge cable.)

Since that still wasn 't s ignifi­
cant. a com puter si m u lation of
100 feet of 12-gauge Romex was
perfo r med, w it h respons e ru n
clear out to 50 kHz. The results

a re s hown in Fig. 9. Here, at las t.
is something the b eas ti e people
can sink their teeth into ! Anyo ne
who can h ear 50 kHz will find a
fu ll 4 .5-dB drop resu lti ng from
the u s e of 100 feet of 12-gauge
Ro mex- p rovid ing , of co u rse,
they're u sing a n a m pli fie r a n d
speake r that can reprodu ce it. Of
cou rse, the s k in effect is s t ill only
a bout h alf a d B, a n d effect ive
dampi n g is n o t d egraded , so
mayb e they'd better drop those
points from their ads.

The results of that ra ther in­
volved bit of resea rch clearly in d i­
cate that ordinary speake r ca­
bles , including the ones that any
knowled geable au dioph ile wou ld
sneer at, do n ot sign ifican tly de­
grade frequency response. They
vindicate the rule-of-thumb ad­
vice (18-gauge for .100 watts , 25
feet. in to 8 oh ms ) except for a
s light d egrada t ion in damping
factor ; 1.21 with a 25- foot cable
ru n. For optim u m damping fac­
tor, that rule shou ld be changed
to 18-gauge for 100 watts, 20 feet.
into 8 oh ms. Also, on ly 20-gauge,
22-gauge, a n d gu itar-cord cables
are a serious detriment to damp­
ing factor. R-E

}'tJ/l lI rc 1IS('C/.:('I' ofsonic
truth? You'\,c 1'0 111 (' to the

right place'

54



BUILD ANEGATIVE ION GENERATOR

LAST MONTH WE STARTED

building our negative-ion
generator. Let's now finish
up the project. We were dis­
cussing the flyback trans­
former and what the vari­
ous connections are used
for.

Pin 7 is used as ground,
since it presents the highest
resistance between itself
and the flyback transformer
output lead, which 3x39.4is
often quite short to avoid
high-voltage breakdown, so
be careful how much insula­
tion you remove. The bot­
tom of the voltage-tripler PC
board, with D6, D8, and
DlO, and the attachment
points of the ground wire
and both high-voltage leads
was shown in Fig. 5 in last
month's article.

Figure 6-a shows the top
of the main PC board
mounted in the case and
held down with RTV, while
Fig . 6-b shows a drawn ex­
ploded rendition, giving the
same components with
greater clarity and defini­
tion, but adding the top of
the voltage-trtpler PC board,
connecting leads, and emit­
ter needle.

The wire shown balanced
on top of the emitter needle
in Fig. 6-b is the rotor for an
ion motor discussed later.
The foil pattern for the main
PC board in the prototype
differs from the one shown
in this article, primarily due
to Tl mentioned in the parts list,
which differs from the one used
in the prototype.

In the prototype, the resis­
tances between the lower-voltage
taps and the flyback transformer
output lead were measured, and
the tap corresponding to the
highest resistance (about 100
ohms) was taken as the ground
terminal, since it was electrically
furthest from the output lead.
The low-vol tage taps generally
have numbers stamped on the
metal bracket surrounding the
ferrite core, numbered clockwise.

Build this negative
ion generator and
put some charge

in your life.

ANTHONY J. CARISTI

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 the accuracy of the infor­
mation contained herein, and disclaim
any liability for damages or injuries,
whether caused by or arising from the lack
of completeness, inaccuracies of the in­
formation, misintepretations of the direc­
tions, misapplication of the information, or
otherwise.

In the prototype, the tap
used as ground happened to
be pin 7.

Although almost any
flyback would work in this
project, use one from a
small-screen black-and­
white TV. It'll usually be
smaller and have a better
turns ratio, but make sure
it's wired for positive out­
put, and has an open ferrite
core for the new feedback
and bifilar primary wind­
ings.

Note the manufacturer,
model, and chassis number
of the TV you salvage it
from, in case you need more
information about it later.
Either that, or go to any TV
service store and buy a new
one, but know the specifics
about it in advance, includ­
ing the maximum safe
flyback transformer output
winding voltage, and the
number of turns in the
flyback transformer bifilar
primary and output wind­
ings.

If your flyback trans­
former has a high-voltage
diode attached to its output
lead, remove it before
adding the new feedback
and bifilar primary wind­
ings. Then use an ohm­
meter to find the trans­
former taps coming off of
the flyback transformer out­
put Winding. One tap is the
high-voltage common, orig­
inally going to the TV chas-

sis; use the highest resistance
tap as ground. In the version
shown here, which was used in
the prototype, pins 1-3 are hid­
den by the ferrite core, while pins
4-7 are shown.

Figure 7 is a magnified view of
the feedback and bifilar primary
windings, showing how they're
added; use 20-24 gauge enamel
wire, for ease of handling and ad- ~

OJequate breakdown voltage . Use ::D

Mylar tape to insulate both new ~
feedback and bifilar primary ~

windings from the ferrite core. <0

Start with the feedback Winding, ~
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wrapping a thin layer of tape
around a clear part of the core
where the feedback winding will
go. Us e nine inches of magnet
wire , five inches for the turns
themselves and two inches for
eac h lead, and wind five clo s e
turns around the core.

At the end of the fifth turn.
form a Ll-loop about 4 inches long
as a center tap, and then wind an
additional five turns in the same
direction. as shown. Secure the
feedback winding with tape.
mark the start of the feedback
winding with a "1." the Ll-loop
with a "2." and the end with a "3."
using masking tape; remember
the direction of the feedback
winding.

The bifilar primary winding is
n ext . Although you can wind
both halves adjacent to one an­
other. as shown in Fig . 7. the per­
formance should improve if you
superpose them, actually wind­
ing one halfon top of the other for
optimal coupling . 1\vist two
pieces of magnet wire together.
with five turns spread along the
entire length as a twisted pair. for
close proximity between the two
wires during the winding pro­
cess. At one end of the twisted
pair, mark one wire with a "4."
and the other with a "5."

Obviously; for the center tap in
the feedback winding. if you
break the wire segment making
the loop at the point where it
bends, there's no electrical effect
on the feedback winding. pro­
vided you route both segments of
the loop (now two separate leads)
to the same pad on the PC board.
Thus. if you prefer. you can break
the loop at the point of the bend.

However, in the case of the bi­
filar primary winding. you really
should make an effort to super­
pose both halves. one on top of
the other. However. if you do that,
you have to wind both halves in
the same direction, and in that
case, if you bend the enamel wire
into a loop, you'll have to spread
both ends after completing the
first half, in order to retrace it on
the second half. Thus, it's proba­
bly easier in that case to phys­
ically break the wire. and wind
the second half separately.

Start with those ends, and al­
lowing four in ches oflead length .
wind six turns of twisted pair
through and around the core in
the same direction as the feed-

PARTS LIST
All resisto rs are V4-watt . 5%, un less Other components

otherwise noted. F1--{).S-amp slow-blow fuse with holder
R1-1000 ohms, PC-board mounted po- NE1-120-volt AC neon-bulb assembly

tentiometer with 47-100K built-in series resistor for
R2-220 ohms the plug -in version (Radio Shack
R3, R4-S60 ohms (the former for the 272-712)

astable-flyback transformer combina- NE2-neon bulb, type NE2 (not the part
tion, the latter optional for the battery- number). optional for experiment (see
operated version) text)

RS-R6-200- and 40-megohm ser ies S1-SPST toggle switch
high-voltage focus div ider, RCA S2-SPST toggle switch
SK38681D1V-1 , used for an optional T1-18-volt center-tapped transformer
high-voltage range extender for a con- (Radio Shack 273-1515)
ventional high -impedance (10 - T2-standard TV flyback transformer
megohm) voltmeter (see text) (see text)

R7-2.7megohms Miscellaneo us : P lastic case
Capacitors (7.5 x 4.25 x 2.25-inches, Radio Shack
C1-1000 lLF, 25 volts, electrolytic 270-224), enamel magnet wire, three-
C2-100 lLF, 16 volts, electrolytic wire line cord, emitter needle (made
C3-C8--{).001 lLF, 10 kilovolts, ceramic from either straight pin or sewing nee-

disc die), RTV siliconrubber, heat sinks, four
C9-<>.001 lLF, 500 volts, ceramic disc, alkaline "0" cells (optional for battery

optional for aluminum can/neon bulb operation), 2-liter plastic soda bottle,
experiment (see text) and a sewing needle.

Semiconductors 01, 02-1N4004 sil- Note:' The fo llowing are availab le fro m
icon diode Anthony J. Carist i, 69 White Pond

03, 04-1N4148 silicon diode Road , Waldwick, NJ 07463: Two
05-01o-RCA SK3067/502 high-voltage etched and drilled PC boards (one

diode, 12 kilovolts PIV each for the main and voltage-tr iple r
LE01-light-emitting diode for the bat- sect ions) for $15.95, 1C1fo r $3.25, 01

tery-operated version and 02 for $2.75 each. Please add
01, 02-TIP31B NPN transistor $2.00 for postage and handling with
IC1-LM317T adjustable voltage each order; NJ residents please add

regulator 7% sales tax.

FIG.6-THE TOPOF THE MAIN PC BOARD, held down with RTV(a), and an exploded view
(b), with D2, D4, and D6 not visible. You can see the new feedback and bifilar primary
windings, wit h Mylar tape insulating them from the ferrite core. The enamel leads are
"1"-"6," as in Fig. 1; " 2" and " 5" are paired.
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to the mai n PC board with suit­
able hardware. Using Figs. I, 2,
an d 7 as a gUide, co nnect the
fee d back a n d b ifilar pri m a ry
win dings after cutting the leads
a n d scrap ing the enamel. Re ­
me m ber, the re a re two leads
marked "2 " and two marked "5 ,"
s o d on 't mix them up. Wh en
finished, position the leads to
avoid a short, and be su re the

really two se parate wires fro m the
bifilar primary wind ing. In Fig. 6 ,
on flyback trans former T2 , you
can clearly see the low-vol tage
taps. Their correspo nding num­
bers a re s tamped on the metal
frame of the ferrit e core , increas­
ing clo ckwi se when fac ing the
taps , s o th at pin 7 , the grou nd , is
at the lower rtght .

Mount the flyback transformer

back winding. The directions of
both n ew feedback and bifilar
primary windings must be cor­
rect to ach ieve oscillation. Place
the closely wound turns directly
over the feedback winding, an d
secu re the biflla r primary win d­
ing to the core with plastic tape .

Scrape away 3fs-inch of enamel
a t the four en ds of the bifil ar pri­
mary Winding , and locate the un­
m arked en d con necte d to wire
"4" wi th an ohmmeter. That 's the
center tap of the bifilar primary
Winding, an d is marked with a
"5 ," u sing a piece of masking
tape. The duplication is delib er­
a te, an d it'll be connected to the
other "5 " wire later; mark the re­
maining wire with a "6. "

You can also see the new feed ­
back an d bifilar primary wind­
ings, a n d the Mylar tape insulat­
ing them from the ferrite core .
The enamel wires are numbered
''1'' -''6 ,'' as in Fig. 1; remember
that "2" and "5" are paired. Lead
"2" is really a loop in the feedback
Wi n d i ng, wi th t he e na me l
scraped off the en d where it's
bent an d folds back , while "5" is

FEEDBACK AND
BIFILAR PRIMARY
WINDINGS OVER~

MYLAR TAPE

57



TO MAINPCBOARO
___------A~----_,

/ "1" "2" "3" "4" "5" "5" "6'"

rro-I ~~I [ WINDING PRIMARy"l I

: I (ONEWINDING WINDING : I

: : WITH C.T.LOOPl (TWO SEPARATE : :
WINDINGS)

FIG. 7-THE NEW FEEDBACK and bifilar
primary windings, wound on the ferrite
core of the flyback transformer, using
20--24 gauge enamel wire and insulated
from the ferrite core with Mylar tape. Do
the feedback winding first, then the bifilar
primary winding. Position all leads to
avoid a short, and be sure the high-volt­
age common is grounded (see text) .

htgh-vol tage com mon goes to
grou nd .

Preliminary checkout
Check the power-supply be fore

connecting the voltage trip ler.
Us e a voltmeter to b e s ure the
flyback transformer high-voltage
output lead isn't s horted, or a
shock h aza rd cou ld occur; an os ­
cilloscope wou ld be usefu l. Also,
you need some way to measure
hi gh voltage; if you don't have a
high -voltage meter, you can use a
voltage divide r w ith a normal
meter, as shown in Fig. 8 with a
100 :1 ratio.

The RCA focus divider shown
is a stan dard TV par t, u s ed to
reduce the potenti al at the CRT
anode for use on the focus elec­
trode. It h as a 200- an d a 40­
megohm resistor (R5 and R6) in
se r ies internally. To achieve 100 :1
reduc ti on, R6 goes in pa rall el
wit h R7 (external) and a h tgh-im-

GAV

-l-T
-T2.4V

II

II112.8V

tI_.1_

I
I

-\
a

T=43J.1S
(l=23.26kHz)

TYPICAL COLLECTOR WAVEFORM

TYPICAl BASE WAVEFORM

I
I
I

I'"

GND

GND

b

. FIG. 9-NORMAL ASTABLE WAVEFORMS from the base (a) and collector (b) of either 01
or 02. With ICl set to 3-4 volts DC, the fundamental is 23.26 kHz. Both are irregular, with
sharp, narrow spikes, upward for the collector, downward for the base. The fly back
transformer you use may create different waveforms, so expect variations.oR6

40MEG

HVDC TV CRT FOCUS DIVIDER
RCA PARTI SK38681DIV-1

R5
200MEG

HV
IRED WIREl

o

WHITE BLACK
WIRE~-.J>I\fIr.< .,,----i WIRE

eno
Z FIG. 8-IF YOU HAVE NO HIGH-VOLTAGE
~ voltmeter, this RCA focus divider extends
b the range of a voltmeter with at least a 10­
~ megohm input impedance by 100:1, so it
ui reads up to 20 kilovolts on a 200-volt
o scale. R5 and R6 are in series, and R6
o goes in parallel with both R7 and the DC
ri voltmeter.

pedance DC voltmeter. The DC
voltmeter used needs a t least a
lO-megohm input impedance to
avoi d loading. If the meter is set
to 200 volts fu ll-sca le , it's fu ll­
scale range will now be 20 kilo­
volts.

Turri the power off before con­
necting to the final h igh -voltage
output terminal at the anode of
DlO , and dissipate the remaining
voltage to ground with an insu­
lated clip lead. Set Rl midway, ap-

pl y power, and measure t he
voltage across C2 . As you adj ust
R l , you shou ld see 1.25- 5 volts
DC or more. Set Rl for about 4
volts DC, and don 't proceed until
you do .

Check the orientation of a ll
sem iconductors a n d e lec ­
t ro lytics, di s connect the bi filar
p ri m a ry wind ing center ta p
(marked wit h a "5" ) to remove the
oscillator load, and troubleshoot
the power supply until you find
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THE FOIL PATTERN OF THE main PC board in the negative ion generator.

the fault. If you use batteries, be
certain their terminal potential is
at least 6 volts DC.

With ICI set to 3-4 volts DC,
measure the astable fundamen­
tal frequency with a scope, If pos­
sible ; it should be about 20-30
kHz. Figure g-a shows a typical
collector waveform of the pro­
totype, for either QI or Q2. Its
amplitude is 2.4 volts pop, double
the DC voltage obtained from ICI ;
it goes 400 millivolts above
ground, and 2 volts below Fig. 9-b
shows the base waveform; its am­
plitude is 12 .8 volts pop, going 8.4
volts above ground, and 4.4 volts
below. Both of the waveforms are
quite irregular, with sharp
spikes, upward for the collector,
downward for the base , gener­
ated by the high inductance of
the flyback transformer output
Winding.

Since the inductance, resis­
tance, and number of turns in
whatever flyback transformer
you use may differ considerably

by comparison with the version
used in the prototype, as well as
the current gains and saturation
voltages of both QI and Q2, the
waveforms shown here may also
vary considerably, so expect vari­
ations. The waveforms shown
here are shown purely to illus­
trate typical responses, not as
ironclad guaran tees of what
you'll see.

If you don't have a scope, touch
a large screwdriver with a plastic
handle to the flyback trans­
former output. If the oscillator
isn't running, there'll be no
spark, so the phasing is wrong.
Try reversing wires ''1'' and "3, "
and then check the orientation of
QI, Q2, D3, and D4, and the T2
connections. When you get the
astable working, disconnect the
power and let CI -an d C2 dis­
charge.

Final checkout
Connect the voltage-tripler to

th e flyback transformer. For the

connection from high-voltage
winding to transformer and C3,
use wire rated to at least 5 kilo­
volts, preferably I8-gauge rub­
ber-covered test lead. The com­
mon of the high-voltage assembly
can be made using ordinary
hookup wire since it's at ground
potential. Don't forget the trans­
former and voltage tripler com­
mon connections .

With the circuit fully as­
sembled and power off, connect
the high-voltage voltmeter adapt­
er or a high-voltage DC voltmeter
to the 'emitter needle and com­
mon with suitable clip leads.
Don't go near the high-voltage
output. and position the clip
leads to avoid arcing . Apply
power, and note the meter, ad­
justing RI for - 9 to -14 kilo­
volts. Any more , and you'll
generate ozone, an undesirable
byproduct, which has a peculiar
odor. Correct any arcing or coro­
na by insulating the connection
withRTV.
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1J2-INCH SEGMENT
BENT /fJ PUNCH

RIGHT ANGLES INDENTATION

T1r~ ,=_31_NC_~_ES ,_,._ .·,4 -----= 31NCHES

Y
FLATTENED

REGION

EM ITTER________
NEEDLE

SODA ~
BOTTLE ~\
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--- - - 6"- --- -
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FIG.10-THE ROTOR FOR AN ION MOTOR; it's a 7-inch piece of16" gauge wire, with two V,
-inch pointed ends at right angles to the 6-inch center section, as shown in (a). The center
is flattened, with an indentation made in the middle with a punch (b).
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FIG. 11-AN EXPERIMENT TO SHOW NEGATIVE ions charging a nearby insulated metal
object to high voltage. Negative ions travel through the air, collecting on the empty can on
a rubber mat, with an earth ground. As negative ions hit the can, charge builds; at 90-100
volts DC, NE2 fires. The flash rate increases as distance decreases, or when the emitter is
aimed at the can.
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-ca: THE FOIL PATTERN OF THE voltaqe-trlpler PC board in the negative ion generator.

pi ece of gauge 16 wi re wi th both
en ds sharpe ned to fine p oints ,
and bent at right angles, as de­
pi cted in Fig. lO-a. The bent ends
are each 0 .5 inch long, wh ile the
ma in body of the rotor is 6 inch es
long . The m iddle of the center
section is s lightly flattened in a
vise, an d an indentation is made
on one si de wit h a punch, in the
exact center of the 6-inch seg­
ment, as s hown in Fig. lO-b. You
have to find the exact bal ance
point , in order to balance the ro­
tor on the emitter needl e at the
indentation point of the 16 gauge
wire.

However, Fig. lO-b shows the
rotor from below, with the right
tip pointing upward, and the left
pointing downward , Thus, the
rotor s h own ro tates clockwise
when view ed from b elow, a n d
counterclockwis e when vie we d
from above. When the indenta­
tion is on the bottom (the r ight
tip pointing downward and the
left pointing upward) , the reverse
is true. In Fig. lO-a , the ro tor
s h own rota tes clockwise when
viewe d from above, s ince the tips
are rever sed in orientation to
those of Fig. lO-b. You can ob­
vlously make the rotor turn in ei­
ther direction as long as both
rotor tips face in opposite direc­
tions.

The em itter needle won't work
with its point covered . Instead,
the en ds of the rotor now become
the em itters . Since negative ions
are em it te d in opposite direc­
tions from each en d ,' it spins like
an a irc ra ft propeller, reaching
high angu lar spee d in just a few
seconds,

Actually, the word "em itted" is
a misnomer, s ince n either the
n eedl e nor the rotor actually ab­
sorb or ge nerate ions, per se .
Ra ther, pola ri zed a ir molecules
collide with the s u rface of the
pointed tips of eit her the needl e
or the rotor, absorb ing electrons
from the molecules , or releas ing
them to un-ionized ato ms. The
absorption p roces s produces
positive ions , the latter genera­
tion proces s p roduces n ega t ive
ions ,

S ince the effect ive di s charge
s urface a rea is doubled whe n
u sing the rotor, as opposed to the
needle, the negative ion dens ity
em itted fro m each ro tor tip is
abou t half of that emi tted fro m

co n t i n ued on page 70

.'-

selves to any particles , and fall to
the floor or a nearby grou nde d
object. Other phenomena can
a lso demons tra te that it reall y
does em it n egative ions. The "ion
motor" is qui te dramat ic , an d
proves the exis tence of n egative
ions and that they can perform
work . Ion propulsion is a viable
means of space travel, s ince esca­
pi ng ions at h igh velocity can pro­
d u ce s peeds a p p roaching the
speed of light in free space. The
io n -m otor .expe r trnen t d emon­
strates the principles that are in ­
volve d with Newtonian act ion
and reaction.

An ion motor can be built as
shown in Fig. 10; it's just a 7-inch

NEON
BULB
NE1

-

C9
.001
500V

NEGATIVE
_ IONS- --- ---.- -- -======--

-- ~-- - -- ---
~-~-=-

r ..

INSULATING
BASE

Using the ion generator
You can u se the negative ion

ge nerator as an a ir purifier, to
clear a roo m of s moke, dus t , or
pollen. As the n egative ions are
ge nerated, they'll atta ch them -

Don't a rc the hi gh voltage to
ground with powe r on to observe
a s park , or yo u' ll dam ag e the
hi gh vo ltage r ectifi e r s . You
s hould do so when power is off,
when no s hock haza rd ex ists.
Unplu g the line cord and touch
the grou n d prong to the emitter
n eedl e ; otherwise you ca n us e an
insulated clip lead connected to
grou n d on battery-operated ver­
s ions.
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The horizontal
output transistor is

a critical component
in any TV set.

Let's examine some
of the procedures

involved in
measuring its output.

BRIAN PHELPS

FOR ANYONE W H O HAS EVER TRIED T O

repair a television with defective
s ignals th roughout, or changed a
ho r izontal ou tpu t transistor only
to h ave it fail once more. we h ave
a tec hnique that ca n save hours
of work and n eedles s repla ce­
ment of parts . All you have to do
is check the "HOT pulse." or the
signal a t the collecto r of the hori­
zontal output transistor. Let's see
why th is waveform is so impor­
ta n t, an d so me key procedures
for measuring the s ignal.

The HOT pu lse is important
because it performs many func­
tions other than jus t sweep ing
the CRT beam h orizontally. So me
of the key functions of the h ori­
zontal output waveform are:
• It generates 0.7 amps of h ori­
zontal deflect ion cu r re nt eve ry
63. 5 microseconds.
• It generates a 700-1 .500 volts
peak-to-peak retrace puls e every
63. 5 micros econds .

• It generates 15 .000-30.000
volts DC for the picture tu be.
• It generates 3.000-8.00 0 volts
DC for the focus circu it.
• It delivers "trace-de r ived" high­
cu r ren t DC power from 16 to 30
volts to ope rate mos t circuits .
• It deli vers " ret race-derive d"
low-current DC power of 185 to
220 volts.
• It provides 6.3 volts for the
pu lse cu r ren t of CRT filaments.
• It is a critical safety feature.
• It provides accu rate pulse volt­
ages for the tu ner 's frequency­
synthesis power so u rce.

What to look for
The h or izon ta l output p u lse

su pplies operating voItages for
the entire TV It is therefore the
mos t impor tan t wavefo r m t o
check on eve ry TV b efore an d
afte r changing parts . Note: In
orde r to make any of the follow­
ing measurements. you r scope

must be capable of measuring.
and have input protection up to 2
kilovolts or more. Als o. a digital­
readout os cillos cop e. a lt hough
not essentia l to troubles hooting.
will make it easier to make the
measurements.

The firs t th ing to check when
analyzing the horizontal output
pulse is the wave shape ; it shou ld
look lik e the one shown in Fig. 1,
an d be sym metrical in shape du r­
ing the retrace time. A wide peak
at the top of the retrace. or deep
saddle con ditions. can be caused
by an off frequency or glitch in
the h orizon tal t ransistor base­
drive s ignal. Such p roblems are
often caused by a change in the
va lue of t he output-t ransistor

""T1
ti m ing capacitors. or by an exces- rn
s ive load on a B + su pply. :0

cAny excessive ringing or noise }>

is a clear indicati on of de flect ion- 3!
sys te m proble m s . s uc h as a <0
cracked integra ted high voltage CD
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FIG. 5-THE TIME DURATION of the re­
trace pulse should be between 11 and 14
microseconds; 12.83 microseconds in
this case .

of the waveform. Some di git al
scopes are equ ipped to measu re
por tions of a waveform with a de­
lt a- time fea ture . To make that
measurement on a digit al scope, .
align the pulse so that the top of
it is at the 100 % graticu le mark­
ing an d the bottom is at the 0 %
marking, using the volts/d ivis ion
and calibrat io n k nobs. (Make
su re your scope will allow accu -

continued on page 70

FIG. 4-THE FREQUENCY of the wave­
form is important ; here it is measured to
be 15.7343 kHz.
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frequency to be 15 .7343 kH z. If
everyth ing checks out s o far, you
know the condi tion of the regu­
lated B + su pply, that the TV is
not in the sh u t-down m ode, and
that the h or izontal oscillator is
locked to the co mpos ite video
sync pu lse .

The duty cycle of the hori zontal
trans istor ou tpu t waveform is
helpful in troubles hooting. The
manufacturer specified that the
re t race tim e s ho u ld b e fr om
11-14 microseconds , and the
trace t ime shou ld be 4 9-50 m i­
c rosecon ds. Th o s e r e c o m­
mended duty cycles s hould be
observed when troubleshooting.

T he ti me-du ratio n m easure­
men t of th e re trace pulse shou ld
be made between the 10 % levels

an amplit u de reaching 150 0 volts
peak-to-peak . The nois e cou ld
cause sympto ms from drive lin es
in the video picture to faint noise
throughout the TV's circuits.

First measure the DC voltage
level of the horizontal waveform.
In Figs. 1 and 2 you can see that
the digit al display shows approx­
imately 118 VDC, which is the
regulated B + voltage. Next mea­
su re the peak-to-peak voltage of
the waveform. As you can see
from Fig. 3 , the di splay shows
905 volts peak-to-peak.

The frequency of the waveform
mus t also be measured. That's as
s im ple as pushing a bu tton on a
digital scope . Figure 4 s hows the

FIG. 3-THE PEAK·TO-PEAK vo ltage of
the waveform should be between 900 and
1500 volts peak-to-peak. It's shown here
as 905 volts peak-to-peak.
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t ransformer (lHVT) core, or open
or shorted IHVT windings . Fig­
ure 2 shows a n exam ple of a
faulty horizontal output. Make
sure the waveform looks good be­
fore you proceed.

Check to see if there are any
n oi s e puls es du ring the t race
time. Many of th e noise pulses
may not b e detected when view­
ing the low-level horizontal wave­
for ms, but t hey b ecome very
noticeable at the collector w i th

FIG.1-THE WAVESHAPE should be sym­
metrical during the pulse retrace time .

(f)
o
Zo
a:
f-o
~ /.
w FIG. 2-HERE'S AN EXAMPLE of a faulty
6 horizontal output. Make sure the wave­
~ form looks good before you check any­
a: thing else.
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MOST P E O P L E INVOLVED I N ELEC­

tronics, either as a hobby or a
profession, star t out by building
simple electronic kits . Along the
way, th ey become fam ilia r with
electr ical terms like volt age, cu r­
rent, resistance, power, and ener­
gy, developing a "common-sense"
kn owledge of them, wi thout fully
understanding th eir meaning.

When asked , "What is a volt ?" ,
on e mi ght be temp ted to respo n d
by quoting Ohm's law ; "If 1 amp
flows through a l -ohm res is tor, a
I- vol t po tential is d evel oped
ac ross it. " Tha t definition, how­
ever, isn't much h elp in defining
a volt because one elect r ical term
is used to define another, which

Here's a
refresher course
that will help you

brush upon
standard

electric quantities.

mass is the kilogram, kg, wh ich
is 1000 grams, the var iable being
either m or M. The difference in
usage is that m , with or without
subscript, normally denotes the
mass of an object. Whil e M can
also be used this way, it generally
refe r s to very large, celes tial
bodies , su ch as the earth, su n,
and moon.

Mass is a measure of quantity,
not to be confus ed with weight.
Weight is the force due to gravity,
which va r ies s ltgh tly over the su r­
face of the ear t h, due to the
change in altitude relative to s ea
level. The standard kilogram is a
platinum-iridium (Pt-Ir) alloy cyl­
inder at the In ternational Bureau

DALE NASSAR

( )~( )

~

leads to vicious-circle reasoning.
A proper definition of electr ical
quantities demands exam in in g
length , tim e , m a s s , for c e,
ch arge , an d s ome simple atom ic
physics.

Standard units
In any scien ti fic field , accu rate

and reproducible measurem ents
must be possible. The results of a
scientific expe r im en t must be de­
scr ib ed in well-defined units.
S ince the m e tri c syste m w ill
even tually prevail worldwide, all
derivation s h ere will be metric,
alth ough British units will be
m entioned occasionally, as a
frame of reference.

We 'll n ow exam ine leng th,
time, and mass , the basi c units
from which all other quantities
a re derived . In some cases, a
given letter may have multiple
uses as a var iab le and/or a unit ,
such as the letter C, wh ich is
us ed as both the variable of ca­
p a ci t an c e , an d t he unit of
charge . Itali c le ttering w ill b e
used when a label is used as a
va r iab le , to a vo id co nfus io n .
Thus , C will denote the variable
of capacitance, while C will indi­
ca te the cou lomb .

Th e stan da r d vari abl e for

length is 1, a lthough other varia­
bles are similarly u sed , es pecially
d for di stance , s for di splace­
men t, and x, y, an d z, relative to a
se t of axes. The standard metric
unit oflength is the meter, abb re­
via ted m , equal to 39.37 inches .
Th e m e t er i s d efin ed as
1,650,763 .7 3 wavelengths of or­
ange-red light em itted by Kryp­
ton (Kr)-8 6 in elec t r ical di s­
charge, a phenomenon th at ca n
be remeasured wi th great preci­
s ion an d com parative ease, given
the right equ ip me nt.

Th e s ta n da r d var iab les for
time a re t an d T, an d the stan­
da rd uni t is the secon d, s . Nor­
mally, t w ith n o s u bsc r ipt is
conside red to be time as a run­
n ing, independent variable. By
con trast , t wi th a su bscr ipt, like
to' t I , an d so on, indicates eit he r
an initial or s pecific reference
t ime. The va riab le T, wi th or
without subscr ipts, is normally
us ed in electronics to indica te ei­
ther periods or specific ti mes on
waveforms. One secon d is de­
fine d as 9, 192,631,770 cycles of
radiation fro m Cesiu m (Ce)-133 .
C loc ks u sin g Ce - 133 f ro m
Hewlett-Pa ckard (HP) Corp. a re
typi cally accurate to 1 ps.

The standard m etric unit of

of Standards (IBS), in S evres ,
France. When an object exactly
balances the I-kg s tandard on a
balance , it's said to be a I-kg
mass, we igh ing about 2.211bs on
ea rth. The British equ ivalen t of
the kilogram is the s lug, where 1
s lug= 14,59 kg.

The first derived quantity is
force, F. The metric unit is the
Newton, N, n amed after Sir Isaac
Newton. Thus , 1 N is the force (a
push or pull) need ed to accelerate
a I-k g mass at 1 m/ls -'), written as
1 N= 1 kg X m/(S2); this nomen­
clature is expla ined below. Note
how th is definition uses length,
mass, an d t ime. For exam ple,
su ppose you have a toy ca r with a
mass of 1 kg, and you move it
a lo ng the s u r face of a long
s mooth ta b le . Neglecting fri c­
tion , no additional for ce is
need ed to keep the ca r moving at
its present velocity, the va r iable
for wh ich is v.

However, to accelerate or d e­
ce lerate an object m e an s to
change its ve loc ity, whether in

"'T1
magnitude (speed) or direction. HJ
To do so always requires a force, JJ

even in space, in the abse nce of ~
gravity. If the ca r uniformly accel- ~
erates at 1 m/s per second, that (0

means its speed increases by an (0
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Quantity Variable(s) and Unit (MKS unless Dimensional
defining equations otherwise noted) Equivalents

Length (dis- 1,d,s,x,y,z meter (m) m
tance or dis-
placement)

Time t,T second (s) s

Mass m,M kilogram (kg) kg

Velocity v m/s rn/s
(magnitude is
speed)

Acce leration a (general) rn/s-' m/s2

9 (due to gravity) MKS: 9.8 m/s2

CGS : 32.2 ftls 2

Force (a push F(=m x a) Newton (N) kgxm
or pul l) S2

Momentum p(=F xt) kg xm kg xm
(impu lse) (=m xv) --

s s

Energy (work) W joule (J) kgxm2

S2

Charge, or q, Q, (1)0 coulomb (caul or 6.24 x 1018e
electric flux C) for charge, or

lines for electric
flux

Electric V volt (V), or J/C kq x rn-'
potential Cxs2

(EMF or
voltage)

Current i,1 ampere (A) Cis

Power P watt (IN), or J/s kg xm2

S3

Power dens ity S IN/m2 kg/s2

Electric field E Vim kg xm
strength (or C xs2

intensity)

Electric flux o= (llo /A 1C/m2 1C/m2

dens ity = 1A x s/m2

Magnetic field H Aim C
strength (or - -

rn x s
intensity)

additional 1 mls with each pass­
ing second. The variable for ac­
celeration is a, while deceleration
is a negative acceleration. On or
near the earth's surface, the ac­
celeration due to gravity is pre­
sumed constant for practical
purposes, and is denoted by
g =9.8 m/(S2) =32.2 fU(S2) . Thus,
1 kg=9.8 N on earth, and since 1
kg=2.21Ibs, then 9 .8 N =2.21
lbs, or 1 N = 0.225 lb.

A concept that's very closely re­
lated to force is momentum (p),
also known as impulse and is the
product of mass times velocity.
Momen tum is defined by
p =m xv=Fx t. Momentum, like
velocity, acceleration, and force,
is a vector quantity, in that it has
both a magnitude and a direc­
tion, whereas energy (whether
kinetic or potential) is a scaler,
possessing only a magnitude.

Throughout this article, we'll
discuss several other derived
units, all of which are listed in

.Table 1.

The discovery of electric charge
Electric charge was first re­

corded in 550 B.C . by Thales of
Miletus (Greece, c. 640-546 B.C.).
He noted that if amber were rub­
bed with fur, it attracted small
objects, such as bits of cork. The
Greek word for amber is "elek­
ton," the origin of "electricity. "He
also found that other objects re­
acted similarly if rubbed with a
suitable material. Such objects,
after rubbing in this fashion,
possess a net electric charge, or
become electrified. A glass rod
will become electrified when rub­
bed with silk, and a lucite or hard
rubber rod will become electrified
when rubbed with fur.

Both rods contain different
kinds of electric charge, shown
by the simple experiment in Fig.
1. If the electrified glass rod is
suspended at its center by a long
thin thread so that it rotates easi­
ly, it's repelled by a second sim­
ilarly charged glass rod nearby, as
shown in Fig. I-a. If the charged
lucite rod is brought near the
charged glass rod, attraction oc-

C/)
u curs, as shown in Figure I-b.
~ That simple experiment illus-

~ ~~~e~~h~~:es:~t;i~~~ll~::~~~~
ui
u:J ilarly charged objects repel, while
o two oppositely charged objects
o attract.
~ One very important property of
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charge is conservation. In any
closed circuit involving capaci­
tors, if a charge of - Qappears on
one plate, an opposite charge of
+ Q must correspondingly ap­
pear on the other plate. In a cir­
cuit that's off, the total initial
displaced charge must be zero .
For charge to be conserved, that

TABLE 1-L1ST OF PRINCIPAL

must also apply when the circuit
is on. Thus, in any closed circuit,
the net displaced charge must be
zero, which is something that be­
comes very important when dis­
cussing capacitance.

The atom
To thoroughly understand elec-



Magnetic flux cPs CGS: maxwell g xcm2

= B x A C xs

MKS: kg xm2
1 Wb =1 V xs C xs

8
= 10 maxwell

Magnetic flux B = ll-xH CGS: 9
density 1 gauss (G) C xs

= 1 maxwell/erne

MKS: ~
1 tesla (T) C xs

= 1 Wb /m2

= 1 V x s/m2
= 1 N/(A Xm)

4
= 10 G

Current J =I/A, C C
density = ~ x E

- - --
m2xs m2xs

Resistance R= VII n, VIA kg xm2
=p x l SX C2

A

Conductance G =1 /R siemen (S), NV SXC2
[formerly the mho - - -

(n )]
kg xm2

Resistivity p n xm kg xm3

= R x A SXC2- -
I

Conductivity 2: S/m SXC 2
= 1/p ---

kg xm3

Permitivity € F/m C2XS2
- --
kg xm3

Permeability Il- Him kg xm
C2

Capacitance C farad (F), C2XS2
= q/V, CN or ---

= T/R, S xs
kg xm2

= € x A)/d

Inductance L=T X R, henry (H), kg xm2
= Il- x N2xA !l x s C2

I

AND DERIVED QUANTITIES

tricity requires unders tanding
matter. All matter is co mposed of
one or more elements that can 't
be chemically decomposed any
further, like gold (Au), alu min u m
(Al), and s ilico n (Si). The s malles t
complete su bdivis ion of an ele­
ment is the atom , as shown in
Fig. 2, with an extremely dense

cen tral nucleus, containing one
or more posi ti vely charged pro­
tons , and neutral particles called
neutrons, and one or more n ega­
tively charged electrons, equal to
the number of protons .

The atom in Fig. 2 is lithium
(Ll), the third simplest atom. Nor­
mally, Li has three electrons or-

biting a nucleus with three
protons and three n eutrons. The
electrons are much lighter than
the protons and neutrons , an d
orbit the nucleus at very high
speed . If electron orbits were
drawn to scale relative to the nu­
cleus, they'd go way off the page.

Allelectr ic charge is quantized,
or c o m p os e d of packets of
charge . The magnitude of charge
depends on the number of elec­
trons extra or absent. A s ingle
electron is the s mallest unit of
charge , usually denoted "e" , and
th e magnitudes of a ll other
cha rge s are then integer multi­
ples of e.

The charge on an electron is
defined as negative, while that on
a proton is positive. However, the
charges are identical in magni­
tude.

Normally, unionized atoms
have as many electrons as they do
protons. The opposite charges
cancel, leaving no net charge.
Electrons have particular orbits
about a nucleus; the closer their
orbit is to a nucleus, the tighter
they're held . The outer electrons
are easily removed by fr iction or
light, leaving the atom with a net
positive charge, since it wou ld
then contain more protons than
electrons. An atom may also ga in
extra electrons, leaving it with a
net negative charge; that's why
rubbing an object produces net
surface charge.

When lu cite is rubbed with fur,
electrons are transferred from
the fur to the rod s ince they're
more loosely bound to the fur
than the rod, leav ing the rod with
excess electrons and a net nega­
tive ch a r ge (the fur becomes
positively charged). When glass is
rubbed with silk, electrons are
transferred from the glass to the
silk (they're more loosely bound
to the glass than the silk), leaving
the glas s with a net positive
ch a rge .

Electric field and Coulomb's law
Electric energy, which acts in a

space surrounding an ele ctric
ch a rge or cha rged body is call ed
"lines of for ce. " Figu res 3-a and 3­
b show the lines of force of Iso-

"Tllated positive and negative m
OJch a rge s, respectively Figures 3-c JJ

an d 3-d show the force field pro- §;
duced by two like charges and ~

two unlike charges, respectively. ~

The arrows in the diagrams rep- <D
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Dimensiona l
Equivalents

Unit (MKS unless
otherwise noted)

Variable(s) and
defining equations

Quantity



---- --

QUARTZ
FIBER

COUNTER
r----+- WEIGHT

Electric current and the ampere
Since conductors contain rela­

tively mobile electrons, many are
always in motion even in the ab­
sence of electric field due to ran­
dom thermal vibration . Such

tive ly, of 9 x 109 N.
The magnitude of the electron

charge e was first measured in
1909 by Robert Andrews Millikan
(USA, c. 1868-1953). Measuring
the charges on charged droplets
of oil suspended against gravity
in an electric field, he found that
all charges are in teger multiples
of 1.6 x 10-19 C/electron, or
6.25 x lOIS electrons/C.

As stated above , a charged par­
ticle in an electric field is subject
to a force. Ifelectrons aren't tight­
ly bound, as in the outer orbits of
metal atoms, they actually move;
such materials are conductors .
Materials where essentially no
charges are free to move are non­
conductors , or insulators. Dif­
fer en t types of materials have
different degrees of conductivity.
The unit of conductivity is the
Siemen (a), which is the re­
ciprocal of resistance, which we
will discuss shortly.

CHARGED PITH
BALLS

INSULATED
RODS

FIG. 3-THESE ARE " LINES OF FORCE" DIAGRAMS, (a) and (b) are isol ated posit ive and
negative charges, (c) and (d) are two like charges and two unlike charges, respectivel y.

SCALE AND
POINTER

TORSION
SCREW

pa irs of charged objects; a basic
version is shown in Fig. 4. The
force between the charge d balls is
de te rmined from t he torsion
(twi s t) in the quartz fiber.

Cou lomb found that the force,
F, between charges QI and Q2 is
d irectly proportional to their
prod u ct , and in vers ely propor­
tional to the square of their sepa­
ration, R. That re lationship is
kn own as Coulomb's law, and is
expressed as F = k(QI x Q2)1(R2),
where k is the Coulomb propor­
tio nality constant, which de­
pe nds on the medium. Cou ­
lomb's Law is only valid for R
much greater than the radii of QI
and Q2' The u n its ofF are in New­
tons , N, while R is in meters , m.
The signs of QI and Q2 depend on
the type of net charge , whether +
or -

The u n it of charge is the cou­
lomb , C. In a vacuum, k = 9 X 109

(N x m 2)/C2; the value in air is
slightly higher. If QI = Q2 = 1 C,
and R = 1 m, then F=9 x 109 N.
Thus, 1 C is the charge, that
when in vacuum 1 m from a sim­
ilar charge of identical or op­
posite sign, yields either a
repulsion or attraction, respee-

GLASS ROD

LUCITE ROD

.... ..;. + + +
- _.-)+

+ + + + ..;.

FIG.1-THIS EXPERIMENT illustrates the
acquisition of electrostatic charge. The
glass rods in (a) are both positively
charged. If one is suspended at its center
by a long th in thread so it rotates easily, it
will be repelled by a second one brought
nearby. If a negatively charged lucite rod
is brought near the positive glass rod , at­
traction occurs, as show n in (b).

~ + + - C"" -
...~~~t.... - - - -

+ - + »
GLASSROD + -+~+~

b

resent the direction of force on a
po sitive charge , an d the fi eld
lines emanate from the charge in
all directions . The relative de nsi­
ty of the field lines is p ropor tion al
to the field s tre ngth .

In 17 85 , Ch arles Augus t in
Coulomb (Fran ce, c. 1736-1806)
used a torsion b alance to perform
delicate ex per iments to lea r n
a bou t electr ic forces b etween

NUCLEUS
(/) (PROTONSAND NEUTRONS)o
Z FIG. 2-THE SMALLEST complete sub­
~ division of an element is the ato m, aso shown here for lithium (Li). The electron s
~ are much lighter t han the protons and
w neutrons, and orbit the nucleus at high
6 speed. If electron orb its were drawn to
Ci scale relative to the nuc leus, they'd go-ca: way off the page.
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FIG. 4-IN 17;85, CHARLES AUGUSTIN COULOMB used a to rsion balance like this to
measure elec trostatic forces between pairs of charged objects by measuring the torque
(twist) in the quartz fiber, to determine the proportionality constant. The force F between
them is directly proportional to their product of their charges, and inversely proportional
to the square of the ir separation R.

Resistance and Ohm 's law
When current flows in a con -

For exam ple, if a force of 5 New­
tons is required to push an ob­
j ec t , a n d that object moves a
di stance of 3 meters in the direc­
tion of the applied force . then 15
joules of wo rk is p erformed .
Whatever pushed the object ob­
viously had to have th e initial en ­
ergy to do so.

The concept of work an d poten­
tial difference can be illustrated
by exam in ing the basic op eration
of a battery. Two terminals of a
battery con s ist of two unlike
charges (+ and -) that maintain
a constan t potential difference by
chemical means . Because of the
difference in charge, an electric
field must exist between them.
That electr ic field has the ab ility
to do work on an electr ic charge.
For instance , if you wanted to
move a positive cha rge from th e
negative battery terminal to the
positive, you would have to work
against the electric field between
the te rm inals. A greater po tential
difference between battery termi­
nals cre a tes a higher electric
field . an d therefore. it s tands to
reason that greater work must be
done in order to move a cha rge
against it.

We have now come to the unit
of potential difference, which is
defined as the number of joules
per coulomb (J/C) , or work per
charge. This unit is called, as you
might have guessed, the volt (V),
and was named afte r Alessandro
Gu is eppe Antonio Anastasio
Volta (Italy, c. 1745-1827). For ex­
ample. in a 12-volt battery, 12 J of
energy are n eeded to move 1 C
from one terminal to the other;
and 24 J would be needed to
move 2 C. since 24 J /2 C = 12
volts. The terms voltage, poten­
ti a l difference, a n d EMF are
equ iva lent , an d are very often
used in terchangeably.

"T1
m
co
:0
c»

FIG. 5-A DEPICTION OF rando m thermal ~
motion in (8), vers us a nonzero drift ve- <0

locity in (b). ~

d

A volt by any other n ame ...
The defin it ion of potential. or

electro motive force (E MF) in­
volves the concepts of work and
energy. Energy is the ability to do
work. Work results in motion of
an object, and is defined as the
product of the forc e applied to an
object and th e distance through
which it travels . The unit of work
is therefore the Newton-meter (N­
m). The unit of work, or one New­
ton-meter, is called a joule, abbre­
viated J, after James Prescott
Joule (E n gla n d , c. 18 14-1889).

Many people incorrectly as­
sume that electric current flows
at an extremely high speed. when
it literally moves at a snails pace!
It is the electric field that moves
down the conductor at very h igh
speeds. It can be mathematically
shown that if several amps of cu r­
rent (ei t h e r AC or DC ) flows
through standard h ous eh old
copper wire, the dr ift velocity of
the electrons move on ly a fraction
of a millimeter pe r second , but
those slowly cre ep in g elect rons
produce considerable h eat due to
fri ction . in the wire.

c

motion is fairly rapid, with an in ­
stantaneous velocity of about 105

mls. Electrons undergoing such
motion in the absence of an elec­
tric field follow an er ratic zig-zag
path, rema in ing in the same lo­
calized region, as shown in Fig.
5-a.

When an electric field is applied
to a conductor, the erratica lly
moving electrons drift due to the
force generated by the field. caus­
ing an electric current, as sh own
in Fig . 5-b . Drift velocity is much
lower than instantaneous ve­
locity ; about 1mmls compared to
105 mls for the instantaneous ve­
locity when no elect r ic field is
present.

The variable for current is ei­
ther i or I, for AC and DC cu r ren t .
respectively. The unit of current
is the ampere, abbreviated either
amp or A, after Andre Marie Am­
pere (France. c. 1775-1836) . By
definition 1 A = 1 Cis , indep en­
dent of conductor area; the sym­
bol A is used for the amp, as
distinguished from A for area . If 1
A flows in a wire. then 6.25 x 1018

electrons pass through a cross­
section of it every second.
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1/C1= lIC1+
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Inductors and inductance
T he in ducto r consists of a

length of wire wound into a sole­
noidal or toroidal shape, with or
withou t a center core as shown in
Fig . 9 . When cu rrent passes
through the coil, magnetic flux
lines are establis hed, as shown
in Fig. 10 . Inductance (L)of a coil
is it s ability to store energy in the

+

+V-
b

FIG. 8-SERIES CAPACITANCEScombine
like parallel resistors (a). The reciprocal of
the total capacitance 1/CT = 1/Cl +1/C2 +1/
C3 (b). (See text for the derivation.)

FIG. 7-PARALLEL CAPACITANCES com­
bine like series resistors (a). The total ca­
pacitance CT = Cl + C2+ C3 (b). (See text
for the derivation.)

soning is easily extended to any
number of parallel capacitors.

To combine capacitances in se­
ries, consider C1 an d C2 in series
across battery B1 of.voltage V, as
shown in Fig. 8-a. To find CT ' as
shown in Fig. 8-b , you can see
that V=V1+V2' an d since the
total charge arou n d the circuit is
zero, Q1= Q2 = Q. Therefore , Q/
C T = ( Q / C1) + ( Q 2/ C 2) = ( Q /
C1) + (Q/C2). Canceling Q gives
l/CT= (lIC1)+ (lIC2).

C=QN

where capaci tance is in uni ts of
farads (F), named after Michael
Faraday (Great Britain, c.
1791-1867).

If a capacitor is rated at 1 F,
then 1 C of charge ca n be main­
tained on the plates when there's
1 volt between them. One farad,
of cou rse, is an extremely large
ca pacitan ce; most practical ca ­
pacitors have values on the order
of microfarads (f.1F) or picofarads
(pF). Ideally, assuming there is no
lea ka g e current between t he
plates through the dielectric, the
charge on the plates can remain
intact indefin itely, although such
leakage always occurs in actual
practice.

The factors that affect the ca­
pacitance of a capacitor can be
seen in the equ a tion

C =EOXEr xNd

where EO is the permittivity of ai r
(8.85 x 10- 12 F/m), Er is the rela­
tive permi t tivity; A is the area of
each plate in square meters and d
is the d is tan ce between the plates
in meters.

The p receding equation reveals
that capacitance will increase
with a la rger plate a rea, or when
the distance between the plates
decreases. The permittivity fac­
tor E is a measure of how well a
given dielectric allows electric
field lines to be established be­
tween the p lates . When an in­
sulator is used between the
p lates , the ca pac itan ce will in­
creas e by a factor of Er . The Er
factor equals E/E o' which is better
known as the dielectric constant,
k. As a point of in teres t, the rela­
tive permittivity E r of air is
1.0006, rubber is 3 .0 and that of
water is 80.0 .

You're probably aware that ca­
pacitances in paralle l add . To
show this, conside r C1 and C2 in
parallel across battery B1 of volt­
age V, as shown in Fig. 7-a . The
total capacitance CT ' as shown in
Fig. 7-b, can be found by the fol­
lowing analysis . If Q1 and Q2 are
the charges on C1 and C2 , then
QT=Q 1+ Q2' Since the voltage
across both C1 and C2 is V. then
Q1= C1 x V, Q2= C2 x V. There­
fore, QT=(C1 xV)+(C2 XV)=
(C1 + C2) x v. Dividing by V gives
us Q~=C1+C2, bu t CT=Q~
s o CT = C1 + C2 . Th e same rea-

across its plates . Capacitance is
defined as

C(FARADS)=QNc

----...". +

Capacitors and capacitance
A capacitor is basically two

con d ucting surfaces separated
by a dielect ri c , or insulator, as
shown in Fig . 6 . The capacitance
of an element is its ability to store
electr ic charge on its plates. The
larger the capacitance (C), the
more charge (Q) will be stored on
its plates for the same voltage (V)

ductor due to an electric field ,
electrons gain energy because of
their motion, called kinetic ener­
gy. As they move, they collide with
atoms of the conductor, dissipat­
ing kinetic energy as heat. The
conductor can be said to have a
degree of resistance to the flow of
electr ic current.

Geo rg Simon Ohm (Germany,
c. 1787-1854) , for whom the unit
of res istance, the ohm (il) is
n amed , showed that cu r r en t
flowing in a conductor is directly
proportional to the voltage across
it. That concept may be apparent
to you since we know that a high­
er voltage produces a stronger
elec tr ic field, and therefore exe rts
a greater electr ic force on the

. charges of the conductor. That
relationsh ip is known as' Ohm's
law, and can be written as V= IR,
where V is the voltage across the
conductor, I is the current in am­
peres through t he con du ctor,
and R is the proportionality con­
stant, which is a direct measure
of the electrical resistance of the
conducto r. If the equation is
solved for R, we get R = VII. The
unit R, therefore, is in volUamps
and is called an ohm (il). Ohm's
law states that if a current of one
ampere flows through a conduc­
tor when a potential of one volt is
placed across it, the conductor is
said to have a resistance of one
ohm.

"/~: v,
/ / //

/ / /""
///// -

/////
"/ / / /11

/ / / /

\~;::g;;i::;l~g;:i=j;;~/ ~J~:1:

:: ~ ~ =~ =~ :: =~ DIELECTRIC

~ - - -- ----r ; LECTRICFIELD

o (8
a:o FIG. 6-A CAPACITOR consists of tw o
w conducting plates separated by a di ­m electric, or insulat ing material. When the
o plates are charged , an electri c field is es-
o tablished between th em. Capacitance
~ (F) =QIV.
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FIG. 1Q.-AN INDUCTOR CONSISTS of a
coil of wire wound around a core of air or
ferromagnet ic materia l. When current
goes through a coil, magnetic f lux lines
are estab lished.

Some additional points
Many interes ting an d impor­

tan t d eriva ti ons can b e m ade
from the concep ts discussed in
th is article . We'll take a look at a
few examples of some commonly
used electr ical terms.

All t imers use time constan ts,
whether capacit ive (RC ) or in­
ductive (RL). For an RC t ime con­
stan t. the units a re T = R x C =
n 'F= (VIA) x (CN) = C/ A = C/ (C I
s) = s . Therefore, the units of an
RC time constan t are in secon ds.

A cou ple of a dditional, more
p racti cal units for both charge
a n d energy are t he am p -h ou r
(Ah) a n d th e kil owatt-hou r
(kWh). A 1-Ah rating is found on
many b atteries . If a battery is
rated at 4 Ah , it can su pply 4 A for
one h our. or 1 A for 4 h ou rs , or
0 .5 A for 8 h ours . an d so on.
S ince 1 A = 1 Cis . an d 1 hr =
3 .6 x 103 s. then 1 Ah = 3.6 x 103
C:

The exact charge obtainab le
fro m a ba ttery depends on the
cu rrent drain. u sually decreas ­
ing as cu r ren t drain increases . ."
due to h eating. Electric u tili ti es rn
d etermine bills from the kWh JJ

Cyo u r h ou s e cons u mes eve ry :J>

month. S ince 1kW= 103W, 1hr = ~
3 .6 x 103 s, and 1 W = 1 J /s. then 1 (0

kWh = 3 .6 X10 6 J . R-E ~

cou rse, s ince the atmosphere ab­
so rbs a considerable amount of
th is energy, you n ever actu a lly
feel a ll t h a t power. Similarly, a
100-W light bulb lit erally radiates
100 J /s , but becomes dimmer the
fu rther you get from it because
the power is d is sipa ted over a
wide r a rea.

Power and the watt
Power is a measure of the time

rate of either expen ditu re or stor­
age of energy, whether electr ical,
the r m a l, or a ny other form .
Power, therefore has units of
work per time, an d is measured
in J /s , called a watt (W) , named
afte r J ames Watt (Scotland , c .
1736-1819). To derive the defini­
tion of a watt , we must th in k in
terms of the rate a t which work is
be ing done on electrical charges.
Since 1 A= 1 Cis , and 1 W= 1 J /s ,
the n t he proportionali ty co n ­
stant must have units of J /C, or
voltage . Therefore, P = E x I, and
since Ohm's Law ~ives E = I x R,
then P = J2 x R= (E )/R.

Power is directly related to elec­
tric an d magneti c field quanti ti es
mentioned ea rlier. If you take the
product of electr ic and magnetic
field s trengths E and H , then (VI
m) x (Nm) = (V x A)/(m 2 ) =W/(m 2 ).

This is power per unit area , also
known as power density, an d is
generally denoted by S .

In electromagnetic waves , the
elec tr ic field s tre ngth E an d mag­
netic field strength H vectors are
perpendi cular t o one a nother.
You can 't s imply take the a rit h ­
metic product of the magnitudes
of the vectors at a given point to
ob tain the power density.

For exam p le, the s ola r co n­
s tant, or the mean power den si ty
reaching the ea rth outside its at­
mosphere, at n ormal incidence,
an d at a mean orbital radius from
the sun, is about 0 .14 W/cm2 . Of

rial compared to a ir. As the mag­
n etic properties of a m aterial
increase, so do es its relative per­
meability. So me materials , such
as steel a n d iron, h a ve p er­
meabilities that a re hundreds or
th ousands of times hi gher than
a ir, or fLr ;:::lOO. A coil with no core
h a s a p ermeability fa ctor of
fLr = 1. The inductance can be in ­
creased by placing a core with a
high permeability, such as a fer­
romagnetic material , within the
coil.

Our discussion now leads us to
series a n d parallel inductors .
The total inductance for induc­
tors in series ca n be determined
the same way as ser ies resistors;
L,-=L J +L2 +L3 + ... + Ln . For in­
ductors in parallel , the total in­
ductance can be found the same
way as for parall el r esistors ;
lILT = l /L, + lIL2 + lIL3 + .. . + l ILN ·

J,l,(CORE)

fL = fLr x flo

where fLo is the permeability of
ai r (4 x Jt x 10- 7 HIm) an d fLr is the
relative permeability of the mate-

T
I

FIG . 9-TWO TYPICAL COIL con­
structions are the solenoid (a) and the
toroid (b). Inductance in henrys (L) is de­
fined as L = N2x flAil.

form of a magnetic field . The unit
of inductance is the henry. One
h enry is the a m ou n t of induc­
tance n ecessary to produce 1 volt
ac ross a coil with a cu rren t that
changes at a rate of 1 am pe re per
second, an d is exp ressed mathe­
mati cally as

L= E/(dl/dt)

where E is the induced voltage
and dIldt is the rate of current
change in amperes per second.

For mos t applications, 1 h enry
is a very large unit of inductance.
Indu ctance is u sually specified in
units of millihenrys (mH), m icro ­
h enrys (fLH) or nanohenrys (nH).

Induc tance can al s o b e ex­
pressed by the equation

L = N2 x J.!AIJ

where N is the number of turns of
wire, A is the core area in square
meters, 1 is the co re length in
meters , and parameter fL is the
permeability of the material. The
permeabili ty of a ma terial is a
measure of its magneti c proper­
ti es, and is determined by the
equati on
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contin uedjrom page 60

the needle directly. When power
is removed, the rotor sp ins until
the capacitors co m pletely d is­
charge. Before removing the ro­
to r, turn t he power off, a nd
discharge any remaining voltage
across the ca pacitors .

A s im ple experime nt ca n show
how n egative ions t rave l to a
n earby insulated obj ec t , charg­
ing it to hi gh voltage . With the
power on, the n egative ions travel
through the a ir, an d in doing so,
collect on any metal su rface . You
can s how how that works with an
em p ty can a s a collector, a s
shown in Fig. 11.

Rest the can on an insulated
surface, s uch as a rubber mat, so
the charge won't leak off. Use an
ear t h grou n d for discharging,
such as a n AC outlet gro u n d
scre w or a wa ter pipe. As the
negative ions hit the can, charge
builds until the ca n is charge d to
90-100 volts DC, NE2 fires, and
the process repeats as long as the
n ega tive ion g enerator runs.
Start wit h the can 1-2 feet away;
you will notice how the flash rate
of NE2 increas es as the dis tance
between the n egative ion gene r­
ator and the collector decreases ,
or if the em itter needle points to­
ward the ca n .

Both expe r im en ts can run s i­
multaneously; as the ion mo tor
rotates , dissipating charge into
the a ir, the can collects the nega­
tive ions and flashes the n eon
bulb. Another experimen t uses a
40-watt fluorescent tube in a very
dark room; be very ca refu l while
h andlin g th e gl a s s tub e in
darkness-they 're very fr agile
and you could hurt you rself if one
implodes.

Connect a grou n d wire to a ter­
minal at one en d . Hold the tube
near the grou n de d end without
touching metal. Bring the ot he r
end toward the n egative ion gen­
erator with out touching it. The
tube shou ld flash or glow, indi­
cating the presence of negative

~ ions. As you move the tu be away,
~ bo th the flash r ate and g low
a: s ho u ld decrea s e. Wh en yo u 're
G fini shed with the n egative ion
wuJ generator, tu rn it off, di scharge
o it , a nd be su re to cover the emit-
o ter needl e with the cork or other
[!f type of in sulator. R-E
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rate digi tal readings when it is
unsealed.)

Select the dual-channel mode,
cou ple chan nel B to grou nd, and
align the trace so it lies on the
10% gra ticu le ma rking. S elect
the t ime-measu re men t mode ,
an d set the "begin" an d "end"
knobs s o that the intensifi ed
trace section is as s hown in Fig.
5. The digital display s h ou ld
sh ow between 11 and 14 microse­
con ds . (The displ ay in Fig. 5
shows 12.83 mi croseconds .)

If you measure, say, 9 mi crose­
conds , instead of 11-14 microse­
conds, even though the peak-to­
peak value, the DC voltage, the
wave shape, and the frequency
are correct, the TV will work for
awhile, but will more than lik ely
fail a t some po int. That's becaus e
the horizontal ou tput sys tem
sees a 35 .7 % reduction in retrace
t ime-meaning tha t retrace is
fas ter and generates hi gher volt­
age . Therefore , the h orizontal
outpu t transistor is on lon ger a t
full-s can con duction, producing
in creased heat, increased scan­
derived power su pply levels, and
hi gher voltages throughout the
se t. All th e c i rc u i ts a re now
s t ressed working at the higher
voltages. That, in time, will cause
com ponen ts to fa il.

Your scope can also be used to
watch for an instantaneous
start-up pulse. Simply connect
the scope and preset it to view the
HOT pulse. Then, watch the CRT
as you apply power to the TV's
circ u it ry. Ifyou see a pulse appea r
and th en disappear, your s tar t­
up circuitry is operating an d the
set is in the shut-down mode.

If t hat h appens , serv ice the
chass is in a "p owe re d -d own "
con d it ion by either halving the
normal B + level separately, or re­
ducing the AC input power to
60- 90 VAC. Then monitor the
collector of the horizontal output
tran s is tor with you r scope .

Many underlying performance
problems can be uncovered by ex­
am in ing s pecific ch a racter is t ics
of the "HOT puls e. " The wav e­
form shape, symmetry, and duty
cycle of horizontal output tran­
s is tor is critical in di agnosing
a n d troubleshooting elect r ica l
malfunctions in your TV set. R-E
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RDD104 IC's made by LSI Com­
puter Systems, In c . A 5-MHz
crystal oscillator used by IC17 is
program med via p ins 1 and 2 to
divid e by 1000. Its ou tpu t at pin 7
is fed to the input of IC18 which
divides by either 1,000 or 10,000,
depending on the position of the
SIN E RANGE switch . The output is
a square wave and provides ei­
ther 0 .1 secon d or 1.0 second
sampling of the. frequ en cy to be
measured by the s hor ting or non­
shorting action of transistor Q8.
The s ame precision square wave
is differentiated by C61 and R73
to originate a positive updating
spike at pin 5 of the counter chip,
IC19 . The same s quare wave is
integrated by C60 and R74 to pro­
vid e a reset voltage a few millise­
conds a fte r th e update . The
RDD104 IC needs about 12 volts
to os cilla te at 5 MHz, and since
the counter IC requires 5 volt s,
dual- voltage s u p plies are really
n ecessary.

The s chematic of the peak-hold
circuit is shown in Fig. 9 . In that
circuit, op -amp IC2 3 amplifies
the si gnal from the device under
test about four times.

The positive alte rnation of the
waveform is squ a red and inver­
ted by op-amp IC26 . That near­
square wav e is a pplied to the
bases of transis tors Q13 and
Q14, both of which act as switch­
es and behave as either open cir­
cuits or shorts to ground. If Q14
is a 2N2219 transistor, it shorts
to within 5 millivolts with refer­
ence to grou n d. If a VN0300M
power MOSFET is used, it shorts
to wi thin 1 millivolt to ground.

When Q13 and Q14 act as open
circ u its , C93 ch a rges to the peak
value of the positive alte rnat ion ,
following the rising edge of the
alte rnation an d then holding the
peak value because there is no
di s charg e path. The fla t-top
portion of that charge is one seg­
ment of the positive contour line.
Transi s tor Q13 discharges C93,
and the n ext t ime it a cts as a
s hort ci rc u it. Th is va ry ing b e­
tween charge -time and short-cir­
cu i t time conti n ues for eac h
cycle.

We're go ing to have to stop at
th is point. Next month we 'll build
and test out the unit. R-E



DON LANCASTER

HARDWARE HACKER
This month we'll talk about cheap visible lasers, electric motor

resources, induction motor controls, new wavelet math theory, and a
dual digital potentiometer.

Let 's start off th is month's co l­
umn with a very hackable
circuit opportunity that has not

quite seen the light of day. At least not
yet...

Ind uction motor speed
controls

Why sho uld it be cheap, easy, and
trivial to regulate the speed of your
electric dri ll, yet super expensive and
next to impossible to contro l the
speed of a compressor or blower
motor on an air condit ioner? After all,
a motor is a motor, isn't it?

Sadly, the answer is no. Those AC
induction motors simply were never
designed to have their speed
changed , and they throw all sorts of
really ugly hassles at you when you
try to do so . Let's see why that's so.

Just about all electric motors are
based on two fundamenta l electrical
principles. The first of those is that
like magnetic poles repel and op­
posite ones attract. The second is
known as Flem ing 's Rule , which
states that " a curre nt carrying con­
ductor at right angles to a magnetic
fie ld will produce a force and attempt
to move in a directio n at right angles
to bot h the magnetic field and the
current. "

When using conventional current,
that produces the familiar right-hand
generator rule, wherein your thumb
points in the direction of the motion,
your index finger towards the south
pole of the magnetic fie ld, and your
midd le finger in the direction of the
conventional current.

For a motor, the same rule applies
to your left hand. The only theoretical
difference between a motor and a
generator is that you input motion to
get an output current with the gener­
ator, while you input current to get a
force and hopefully a motion with a
motor. In reality, all motors do some
generat ing, and vice versa .

So , your only trick to building a
motor is to constantly rearrange your
magnetic fields and their strengths so
they are either att rac t ing one another

or shov ing each other away, or use
some ongoing combination of
attraction and repulsion together.

A motor usually consists of a sta­
tionary part called a stator and a mov­
ing part known as a rotor, or
armature. If it's necessary to phys­
ically t ransfer current to your rotor,
either brushes and a commuta tor, or
else slip rings are used. Slip rings
apply continuous power to your rotor,
wh ile fixed brushes and a com ­
mutator selectively switch in and out
chosen windings that happen to be
aligned with the brush axis at any
particular point in time .

You'll find quite a few different pos­
sible motor designs. But by far the
two most economically important are
the series D C motor with brushes,
which is sometimes called a universal
motor, and the AC induction motor.
Let's take a look at each one .

Figure 1 shows a universal motor
and its torque versus speed curve .
You' ll recognize this one in your elec­
tric dri ll , hot tub blower, vacuum
cleaner, blender, sew ing machine, or
older car starter.

There's a pair of wo und stator coi ls
that, when run on DC, wi ll produce a
constant statio nary magnetic field. In
series with the stator coi l is a pair of
brushes w ith a commutator, which
selectively switch rotor windings in
and out so that one or more wind ings
is constantly getting attracted to the
fixed stator field . As the armature ro­
tates, new windings get switched in
by the commutator, so that a more or
less continuous attraction, and thus a
rotary motion gets produced.

The same universal motor works
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almost as wel l w ith AC , except some ­
times you have strong fields and
sometimes weak ones as the current
alternates. Usua lly, the mec hanica l
inertia of your load wi ll more or less
average all those variations into con­
t inuous rotary power.

Even with AC , you sti ll always have
op posite po les attracti ng one an­
other. They just happen to change
their polar ity 120 times a second. But
they always change together. Note
that you can reverse your universal
motor by placing a DPDT switch be­
tween the commutator and the stator
coils . But that can cause excessive
wear if the motor brushes were not
designed for two-way use.

As your universal motor slows
down , its torque will increase, which
tends to add to the motor stability. As
you slow down , the available "twist"
increases to speed you back up, and
vice versa.

Since you have lots of torque at
zero speed, your motor self-starts . It
may overheat if you stall it perma­
nently, but given half a chance, a uni­
versa l motor easily gets itself up to
speed .

Any motor is simultaneous ly a gen­
era tor, and vice versa . A universal
motor that is lightly loaded and run­
ning at a high speed produces an out­
put voltage and resultant current in
series with your input current. The
voltage that is generated is known as
a back emf, which opposes the input
current. When lightly loaded, very lit­
t le current is drawn from the supply,
since the back emf and its resultant
current nearly cancels out the input
current, whic h is real handy from a
conservation of energy standpoint. If
you're doing no useful work, and if
your motor isn't getting particu larly
hot, then you shouldn't need too
much input energy just to spin things.

As you add mechanical load, your ~

series machine wi ll become less of a ~

generator and more of a motor. The ~

back emf and its canceling current ~

drops, and the input cur rent goes up. <0
Your new energy needed is mostly ~
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FIG. 1-A UNIVERSAL SERIES motor with brushes used on an
electric dr ill , along with its speed-torque characteristics. The
speed of the motors can be easily electronically controlled by
using simple circuits.

FIG. 2-A SYNCHRONOUS AC MOTOR used on a clock, along
with its speed- torque characterist ics. The speed is determi ned
by the line frequency. The input current determines how strong a
load can be driven.

transferred to your mechanica l load.
Aga in by conservation of energy,
you 're putting more energy in so you
can get more energy out.

Neg lecting nonlinearities such as
air resistance, the speed of a univer­
sal motor for a given load is deter­
mined only by the input curre nt. You
raise your current to go faster; reduce

. it to slow down . That means you can
just throw any old high power resistor
in series with your universalmotor to
control its speed, just like sewing ma­
chine motors used to use. Better yet,
you can use a far more efficient triac
sty le light dimmer for control.

Best of all, you can sense the back
emf or otherwise measure the actua l
motor speed and use electronic feed­
back with a triac or SCR circuit which
is only sl ight ly more comp lex than a
plain old dimmer. That gives you a
tight ly regulated speed contro l plus
the ability to run real slow with lots of
torque.

The bottom line is that it's tr ivial
these days to electronically regulate
the speed of a universa l motor. We 've
seen severa l circu its in past issues
and in those Hardware Hacker /I re­
prints. LSI Systems is a good source
for fancy universa l motor controller
chips, whi le lots of deta iled applica­
tion notes appear in the usual triac
data books from Motorola, 50S,
Texas Ins t rum en ts , and several
others .

~ So what's wrong with universal
z motors? If they are so universa l, why
~ aren't they used everywhere? The
G biggest problem lies in their brushes .
~ Brushes wear out. They are ineffi ­
6 cient. They are both acoustically and
is electrically noisy. They spark and can
Ci start fires or explosions. And those

problems really get out of hand when
you need more horsepower.

Look around, and you'll see that
virtua lly all universa l motors in your
home only run on an intermittent
basis. Mostly because the brushes
cannot run continuous ly without
grinding themselves into oblivion, or
driving you up the wall wit h noise .

Ideally, we wou ld like to conjure up
some scheme to get power onto the
rotor w ithout any brushes or other
physica l contact. And that's where
the induction motor comes in.

Figure 2 shows a brush less beastie
known as an AC synchronous motor.
It has a wound stator and a perma­
nent magnet rotor. Assume that we
are plugged into the 60-Hz AC line
and that the rotor just happens to
already be spinn ing at 3600 RPM .

On a positive line peak, the north
magnet po le wi ll get attracted to the
upper stator coil. By the time your
magnet is pointing straight up, the
current w ill be going through zero and
there will be no mut ual attraction or
repulsion . Soon afterward, the line
current swings negative, and that op­
pos ite polarity starts repel ling the
magnet, continuing it on its merry
way. The exact opposite happens to
the other pole, and the motorwill con­
tinue to spin .

The synchronous speed is set only
by the number of poles and the line
frequency, and is totally independent
of your input current. The two pole
synchronous motor runs at 3600
RPM off the 60-Hz line; a four pole
job spins at 1800 RPM, and so on.

We can see that a synchronous
motor is real handy for maintaining a
constant speed . Important uses are
in e lectric c locks, phonograph

motors, timers, chart drives, and
other lower power uses where an ab­
solutely constant speed, indepen­
dent of the load or input current, is
essential.

What happens when we apply too
much of a load? If your magnet gets
90 mechanical degrees out of phase,
there wi ll be no attraction or repul­
sion, and zero power routed to the
load. If it gets further out of phase, it
actua lly tries to sta ll itse lf. Therefore,
the slower the speed , the less the
torque .

You really have a two-speed device
here: 3600 RPM and 0 RPM . One
consequence here is that any true
single-phase synchronous motor will
not start by itself. You will have to help
it along w ith a sw itchable starting
winding , a po le shading, an iron hys­
teresis cup, or a second or third wind­
ing driven from a two -phase or three­
phase source.

A second consequence is that the
speed of a synchronous motor with
varying load or current can end up
unstab le. If it ever breaks out of sync,
you almost sure ly will stall. That hap­
pens because a slowdown produces
less torque, which in turn produces
less speed . Just the same as an auto
in too high a gear for the grade .

The load current does decide how
large of a load it can drive at syn­
chronous speed. The more input cur­
rent, the more power you can deliver
to the load without having to break
your synchronization .

Figure 3 shows a variation on a
synchronous machine known as the
AC induction motor. It is by far the
most common motor in use today.
You will find AC induction motors in
your air conditioners, heater blowers ,
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FIG. 3-AN AC INDUCTION MOTOR used on a washing machine,
along with its speed-torque characteristics. The current controls
the speed over a very narrow range between the optimum slip
speed and the synchronous speed . To control the speed of this
type of motor over a wider range, you must use a complex
cycloconverter circuit that can change both the input frequency
and current.
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FIG. 4-A DUAL DIGITAL POTENTIOMETER using the Dallas
Semiconductor DS1267.A 17-bit serial word determines which of
the 256 steps for each potentiometer gets selected. Unlike
EEPOT ch ips, the settings are easily read but forgotten on power­
down. A serial output lets you daisy cha in your digital com­
mands.
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have to use pulleys and belts or some
other spe ed -redu ction scheme. Or
go to lots and lots of poles, as is done
in those fancy ceiling fans.

Thus , any attempt to control the
speed of an induction motor with a
series resistance or a simple phase
contro l is doomed to failure. Flat out,
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speed.
If you lower the speed slightly, you

create even more torqu e. But if you
slow it down too far, your torque
starts dropping radically.

Thus , an AC inducti on motor has
optimum torque at a speed which is
on ly m ode stl y les s than s yn ­
chronous. That' s why your "quarter
hors e" motor is usually rated at 3450
RPM for a two-pole motor and 1734
RPM for a four-pole one .

As you can see, we have a we ll­
behaved torque -speed curve be­
tween the synchronous speed and
the optimum, but only a slight ly slow­
er peak torque speed . Below the
peak speed, you 'll have the same in­
stabi lity and dropout problem s that
you'd have with a pure synchronous
machine .

Like a synchronous motor, a single­
phase induction motor will not start
itself. Usually there wil l be a second
start ing winding that gets kicked in
only when gett ing the motor up to
speed. Other start ing variat ions can
include a pole shading or multiple
phase windings .

In theory, you could reverse your
induction motor by reversing the di­
rection the start ing method shoves
the rotor. Details vary with the motor
typ e. In some cases, the only way to
reverse the motor is to remove the
rotor and put it back in point ing the
other way.

An other pro blem with induction
motors is th at th e opt imum motor
speed is usually far too fast for useful
real-world work. You almost always

washers , mo st t able saws , di sh­
washers, dryers, dr ill presses, water
pumps, and many circulation fans.

Motor s used in thos e types of
product s are also the ones you would
most like to be able to inexpens ively
contro l the speed of. You would es­
pecially like to raise the efficiency of
heating and cooling systems.

The concept of the AC induction
motor was positively bri lliant. Tesla
strikes again. Somehow you have to
get currents onto the rotor, but we
definitely want to avoid any brushes
or other mechanical contacts .

Que st ion : What do you get when
you have coils and iron driven from
AC current? Answer (A) a motor, or
(6) a transformer CD.

Inste ad of brushes or slip rings,
you transformer couple the rotor cur­
rent in an induction motor. That' s usu­
ally don e by creating a spec ial Iow­
impedance tran sformer secondary
known as a squirrel cage. The pur­
pose of the squirrel cage is to serve
both as the transform er secondary
and as rotor coil s to simulate the rotor
magnet of Fig. 3 .

But not so fast. Literall y. If you're
running at synchro nous speed, no
lines of flux will be cut, and there wi ll
be no current induced into the squir­
rel ca ge . Which gi ve s yo u syn­
chrono us speed, but ze ro powe r.
Now, let your speed slip just a little
bit. There 's now a very low-frequency
AC current indu ced in the squ irrel
cage . That creates a changing mag­
netic fie ld, and you now have more
torque than you do at synchronous
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that w ill never work and probab ly wi ll
burn up your motor as wel l. It's like
plowing with a pig.

Now, you can use current control.to
alter the speed of your motor be­
tween its synchronous speed and its
slight ly slower optimum speed . But
that range is usually far too narrow to
be usefu l, unless you're willing to vary
the frequency applied to your moto r.
But since the impedance of a motor
varies with frequency, you 'll also want
to vary the voltage or the input cur­
rent as you change frequency. Keep­
ing the magnetic flux at a constant
strength seems like a good starting
point. so raising the voltage with the
line frequency seems like a good
idea. You' ll also have to quite accu­
rate ly sense your motor speed at all
times, ana feed back all of that infor­
mation into your controller.

In addition , you do have to guaran­
tee that the starting windings do not
kick in at slower speeds. Most start­
ing Windings are for very intermittent
duty only and will rapidly burn up if run
continuously.

Circuits which sense motor speed
and vary both the frequency and the
cur rent are o ft e n known as
cycloconverters . Yes, you can get
th em . One major suppl ier is Asea
Brown Bovari, a Swiss firm with a
wide range of induction motor speed
controls. But they 're not cheap. And
cycloconverter-controlled induction
motors tend to whine a lot. owing to
non linear magnetic harmonics in the
audio range , unacceptably so for
many uses .

But a $19 .95 wide range and quiet
quarter horse induction motor speed
control is not likely to show up in your
hardware store in the ne xt few
months. Even though we do have lots
of better magnetics and new intel­
ligent-power integrated circuit s avail­
able that should make the task far
easier than it once was. .

What you 're more likely to see are
mod ifications of traditional induct ion
motors which can make them more
amenable to electronic speed con­
trol. You' ll come across such thing s
as dual stato rs , variable-frequency
rotors, and internal speed sensors .

Wh at's the bottom line? A lot at
thought and time and effort has gone
into induction-motor speed contro ls
for several decades now, and nothing
really useful has yet seen the light of
day. Despite an incredibly big bag of
nickels waiting for the winner.
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Dual d igital potentiometer
A ways back (Hardware Hacker.

January 1989), we looked at a Xico r
X9 103 digitally contro lled 100-step
potent iometer. This dude was a sin­
gle-chan nel device, had a permanent
memory that remembered even when
it was unpowered, and let you incre­
ment or decrement the potentiome­
ter sett ing with a simple interface.
But it had no way to sense the pres­
ent setting, nor any way to jump to
any sett ing without moving through
all of the intermediate ones.

Dallas Semicondu ctor has just in­
troduced a new DS1267 dual digital
potent iomet er c h i p that has
strengths where the X9 103 was
weak , and v ice versa . A s Fig . 4
shows us, this one gives you two
256- ste p potentiometers in a single
package in your choice of 10K, 50K,
or lOOK total resistance.

Those are not memory devices .
They return you to a 50 % " mid­
wiper" pos ition on power up and
must get rewrit ten each time. As is
becom ing com mon on many new
chips these days, there is a three­
wire serial contro l provided, intended
to interface with three computer port
lines .

To set up your potent iometers ,
cloc k in seventee n data bits by using
the cue and DQ lines, while keepi ng
the RST line high. Eight of tho se bits
are for the first potentiometer, eight
for the second, with the final bit being
used to optionally cascade the poten­
tiometer pair into a single potentiom­
eter with 512 steps of reso lut ion.

Drop the RST line to enter the new
settings for the potentiometer pair.
There's also a ser ial OUT that lets you
read out the present setti ngs or else
cascade ch ips for such things as
multi-band equalizers .

As long as RST remains high, your
old set ting gets saved. Thus, you can
do 17 clocks to read out your exist ing
settings, and 17 more to enter the
new ones , w ithout gett ing any noise
or glitc hes.

The digita l end of the chip works off
your usual 0 and +5 volts. The ana­
log end can be anywhere from 0 to
+5 volts w ith a grounded VB sub­
strate pin, or can be used over a - 5
to +5 volt range with - 5 volts on

As usual, be sure to send all your
writ ten entries direct ly to me at
Synergetics , rather than over to Ra­
dio-Electronics edito rial.

I strongly urge you to try and hack
this one. But don't expect any prompt
or easy results . Nee dless to say, we
here at Radio-Electronics edi­
toria l will be very interested in the first
hackable. w ide-range , and sane ly
priced quarter-horse induction-motor
speed -control construction project.

Electric-motor resources
To get you sta rte d, I've put to­

ge the r some elec tric -mo to r re­
so urces fo r you in th e reso urce
sidebar this month. Here's a quick
rundown ...

One very good starting po int is the
$5.00 Small Motor and Gearmotor
hand bo o k fro m B o din e. W. W.
Grainger, of course , is by far the lead­
ing wholesale distributor of just about
any type of small motor. And your
best source for electric motor hack­
ing books remains Lindsay Publica­
tions .

Good surplus motor sources in­
c lude C & H S ales , N o rthern ,
JerryCo, Herbach and Rademan, and
Fair Radio Sales. Two higher-volume
supp liers of sma ller motors are
Molon and Fasco.

As we 've just seen , one interna­
tio nal source for AC -induction motor­
speed co ntro ls is Asea Brown Bavari.

Important trade journals involving
mot o r s in clud e M otion , PCIM ,
M a chin e D e s ign , App l ia nce ,
Appliance Manufacturer, and Design
News.

Some of the more scholarly stuff
comes down in either of the IEEE
Transactions on Energy Co nversion
or their IEEE Transactions on Indus­
trial Application s. For automotive
motor uses, try the publications in the
SAE library.

Uh, even though this is one of our
longer resource listings, I've got a
hollow fee ling I'm miss ing several ma­
jor and obvious mot or hacking re­
so urces here . Som eth ing that yo u
elect rica l types out there might be
able to help us on .

So , for the first of this month's con­
tes ts, let me know what I've left off
the sidebar in the way of motor re­
so urces . They ' ll be all t he usual
Inc redible Secret M oney M achin e
book pr izes , along w ith an all ex­
pense paid (FO B Thatcher, AZJ, tinaja
quest for two go ing to the best entry
of all.

Or, as a second contest , just add to
our ongoi ng induction motor speed
contro l dialogue in some use ful way.

JN19001?!"JI
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DIGITAL VIDEO STABILIZER
ELIMINATES ALL VIDEO COPY
PROTECTIONS

National Semic onductor
475 Ellis Street
Mountain View, CA 94043
(800) 632-3531
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Motorola
5005 East McDowell Road
Phoenix, AZ 85008
(800) 521-6274
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Midnight Engineering
111 East Drake Road, Ste 7041
Fort Collins, CO 80525
(303} 491-9092
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NAMES AND NUMBERS

LSI
1235 Walt Whitman Road
MelVille, NY 11747
(516) 271-0400
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Burr-Brown
6730 South Tucson Blvd.
Tucson, AZ 85706
(602) 746-1111
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GEnie
401 North Washington Street
RockVille, MD 20850
(800} 638-9636
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Circuit Specialists
PO Box 3047
Scottsdale, AZ 85271
(800) 528-1417
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Dallas Semiconductor
4350 Beltwood Pkwy South
Dallas, TX 75244
(214} 450-0400
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( Dealers Welcome)

WARNING:
SCO
Electronics and
RXII dealers do
not encourage
people to use
the Digital
Video Stabilizer
to duplicate
renta movies
or copyrighted
video tapes.
RXII is in­
tended to stabi­
lize and restore
crysta l clear
picture quality
for private
home use only.

Whil e watc h ing ren t al
movies, you will notice an­
no y in g p eri od ic color
darkenin (l , co lor shift, un­
wanted lines, Ilashing or
jagged edges. Thi s is
caused by the copy protec­
tion jam ming si(lnals em­
bedded in the video tape,
such as Macrovision copy
prot ect ion . Digi tal Video
Stabilize r: AXil complete ly
eliminates all copy protec ­
tions and jamming signa ls
and brings you crystal clear
pictures.

FEATURES:
• Easy to use and a snap

to insta ll
• State-ol-th e-art in­

tegrated ci rcuit tech nol-

• ~% automatic - no
need fo r any
troubl esom e adjust­
ment s

.Compatib le to all types
of VCRs and TVs

• The best and most excit­
ing Video Stabilizer in
the market

• Ught weight (8 ounces)
and Com pact (1x3.5x5 )

: B::~~~~~~~~~~ ~iC~~X
batte ry wh ich will last 1­
2 years .

ToOrder: $49.95 ea + $4 lo r FAST UPS SHIPPING

1-800-445-9285 or 516-568-9850
Visa, MIC, COD M-F: 9-6 (battery not inclu ded)

seo ELECTRONICS INC.
Dept. CRE 2 581 W. Merrick Rd. Valley Stream NY 11580

Unconditional 30 days Money Back Guarantee

Haltek Electronics
1062 Linda Vista Avenue
Mountain View, CA 94043
(408) 744-1333
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SGS-Thompson
1000 East Bell Road
Phoenix, AZ 85022
(602) 867-6259
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- 1Unit 5+
Jerrold SB w/Tri-Bi.. $99 $70
SuperTri-Bi (I'BM) $109 $75
Jerrold 450 combo $189 $139
Scientific Atla nta $I09 $75
SA 8536 $250 $195
Pioneer $109 $79
Oak KN12 (wNS) $I09 SQ5
Hamlin MLb 1200 $89 $59
Tocom $169 $129
Stargate converter $89 $69
Pana sonic TZPCI45 $99 $79

:::: USCabie wiii :
:::)k~t Any';'ne's:
:::::::::::::::::'::Pnce:::':::::::::::::::
:::::AdvertlSed ln'::
.:iliiS Miigiiil iit;!...............................

H&R Enterprises
21521 Blythe Street
Canoga Park, CA 91304
(818} 703-8892
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Integrated Device Technology
2972 Stender Way
Santa Clara, CA 95054
(408) 727-6116
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International Micro Electronics
PO Box 170415
Arlington, TX 76003
(817} 561 -2244

CIRCLE 328 ON FREE INFORMATION CARD

Synergetics
Box 809
Thatcher, AZ 85552
(602) 428-4073
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Texas Instruments
PO Box 809066
Dallas, TX 75380
(800) 232-3200
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Xicor
851 Buckeye Court
Milpitas, CA 95035
(408) 432-8888
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Making wavelets
There's a brand-new math revolu­

tion tak ing off that appears certa in to
pro fo und ly cha nge mu ch of w hat
electronics is and what it wi ll be able
to do . All the noise is over wavelet
theory, an incred ibly powerfu l new
technique that promises to blow the

For our third contes t this month ,
just tell me what you wo uld do with
one or more cascaded dual digitally
controlled potent iometers .

yo ur substrate pin. Thu s, yo u can
easily handle bipo lar analog signals
that go above and below ground.

Your maximum clock frequency is
10 MHz , which means you can up­
grade your potentio meter setti ngs as
often as 580 kHz or so . Their se ries
w iper resis ta nce is typic ally 400
ohms, and you're allowed a maximum
potentiometer or wiper current of one
milliampere . Be sure to see the data
sheet for additional specs and timing
detai ls.

1-800-445-9285

Signed: _

30 Days Money Back Guarantee
Free 16 page Catalog

Visa, MIC, COD or send money order to:

US Cable TV Inc. Dept. KRE 2

4100 N.Powerline Rd., Bldg F-4
Pompano Beach, FL 33073

if)
o

~ I, the undersigned,do~::~::I~:~:;e~ penalty of per-
f- jury that ailjroductJpurchased,now and in the future, will
() only be use on Cable1V systems with proper authori zation
UJ from local officials or cable company officials in accord ance
..J witb ail applicable federal and state laws. FEDERAL AND
U;J VARIOUS STATE LAWS PROVIDE FOA SUBSTANTIAL
o CRIMINAL AND CIVIL PENALTIES FOR UNAUTHORIZEDo USE.d§ Dat e: _
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No Florida Sales!
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FIG. 5-S0ME KEY PAPERS on the new wavelet math theory which is now revolutionizing
just about everything in electronics .

A New wave in applied mathematics
B. Cipra , Science 24 Aug 1990, pp 858-859.

New wave number crunching
C. Brown EE. Times, 5 Nov 1990, pp 31-34

Video compression using 3D wavelet transforms.
A. Lewis, Electronic Letters, vol 26 no 6 pp 396-8.

Non-orthogonal wavelet representations in relaxation networks.
J . Daugman, New Developments in Neural Computing, pp 233·50.

A theory fo r multiresol ution sig nal decomposit ion.
S. Mallat, IEEE Transactions on Machine Intelligence, v11-7 pp 674-93 .

Wavelet transformation in signal detection.
F. Tuteur, 8th IFAC/IFORS Symposium, vol 2 pp 1061-5.

Entropy reduction and decorrelation in visual coding.
J . Daugman, IEEE Trans. Biomedical Engineering, vol 36 no 1 pp 107-14.

Wavelet transformation in signal detection.
F. Tuteur, ICASSP Speech Conference 88, vol 3 pp 1435·8 .

Complete discrete 2-D Gabor transforms.
J. Daugman, IEEE Trans Acoustics & Speech, vol 36 no 7 pp 1169-79.

Dispersive noise removal in t-x spa ce.
Beresford-Smith, Geophysics USA, vol 53 no 3 pp 346·5 8.

Adaptive dec onvo lut ion by lattice filters.
S. Persoglia, Bulletin of Geophysics Theory, vol 27 no 107 pp 169-83 .

A critique of seismic deconvolution methods.
A. Jurkev ics, Geophysics, vol 49 no 12 pp 2109-16.

Statistical pu lse compression .
E. Robinson, IEEE Proceedings, vol 72 no 10 pp 1276·89 .

200-year-old Fourier analysis, syn­
thesis, and transforms completely
out of the water.

Why worry about some obtuse
new math theory? Well, first of all,
because it's there . Second, because
it 's a sure f ire winn ing topic for a
school paper. And th ird, there's a lot
of electronic doors about to suddenly
get slammed in yourface if you do not
ouickly pick up on exactly what wave­
let theory is and what it can do for
you .

Fouri er ana lysis is , er-better
make that was, a method of giving
you a second way of looking at and
dealing with electronic signals. Be­
sides the int uitive or "real-world "
time domain, Fourier techniques let
you create a separate frequency do­
main. Things not at all obvious in the
time domain become quite clear
when they are in the frequen cy do­
main, and vice versa.

For instance, a square wave in the
tim e domain is ju st a si gnal that
kee ps boun cing up and down be­
tween tw o levels. In the frequen cy
domain, that same square wave can
be shown to co ns ist of an infi nite
string of sine waves. Specifically, you
can build up a square wave from its
fundamental sine wave, one third its
third harmonic , one fifth the fifth har­
monic , and so on up the line.

A few of the zillions of places that

the frequency domain can become
. important include spectrum analysis,
holograms , video· image compres­
sion , music synthesis; side- looking
radar, picture deblurring, etc .

But the big problem with Fourier
analysis is that everything was con- \
nected to everyth ing else . Make even
the slightest change, and you had to
go back to square one and recom­
pute everything. And while Fourier
series is a great way to handle most
of a square wave, it sure has troub les
with the suddenly changing leading
and trailing edge s.

What wavelet theory does is let
yo u se le c ti ve ly mi x and mat ch
wavelets that can both deal locally
with sudden change s and globally
with average s and backgrounds . You
can thus selectiv ely apply all your
math power precisely where it w ill do
you the most good, and do so with
speeds and efficiencies that were to ­
ta lly unheard of with t raditiona l
Fourier analysis .

What wavelet theory does is let
you selectively m ix and match
wavelets that can both deal locally
with sudden cha nges and globally
with averages and backgrounds. You
can thus selectively apply all your
math power precisely where it will do
you the most good, and do so with
speeds and efficiencies that were -to­
ta lly unheard of with trad it iona l

Four ier analys is.
Figure 5 shows a few of the newer

key papers involving wavelet theory.
Start out with the Science and E.E.
Times overview summary stories be­
fore you get into the heavy stuff. Let
me know if you want to get into this
any deeper.

New tech literature
The prices of br ight-red vi sible

laser diodes are start ing t o drop
bunches , with a $45.00-in-singles
unit now being offered by Haltek Elec­
tronics . They are the newer, high-vis­
ib ility 630-nanometer wavelength ,
which is same as helium neon . Plan
on $5.00 visible lasers with in two
years or so .

New data books for this month in­
clude that Special Purpose Linear
Devices entry from National. Be sure
to check out thei r LMC835 digitally­
controlled graph ics equalizer you' ll
find on page 1-227.

Three other new data books are
the Logic Databook from the
Integrated Device Technology folks,
a new Optoelectronics and Image
Sensors from Texas Instruments, and
an Integrated Circuits Data Book
#33B Supplement from Burr-Brown.

Stat ic memory RAM specs '
cleverly disguised as baseball trading
cards are being offered by SGS in an
unusua l promotion . Those are the
same folks that previously gave you
soup cans full of assorted free inte­
grated circuits and soap boxes full of
EPROM 's.

Three interesting new surp lus cata­
logs showed up in today's mail. They
i nc lude Circuit Specialists ,
International Micro Electronics, and
H&R Enterprises publications .

Turning to my own products, for the
fundamenta ls of digital integrated cir­
cuits, be sure to check into my clas­
sic TTLand CMOS Cookbooks. And ,
as you can tell from my nearb y
Synergetics ad , we' ve now got
Hardware Hacker III and Ask the Guru
III reprints available, as we ll as some
new PostScript books.

Also, a reminder that I do have this
great new PostScript PSRT roundta­
ble and library up on GEnie. You'll
also find lots of Hardware Hackerand
all of the M idnight Enginee ring re- ri1
prints and other resources here. gJ

Finally, I do have a new and free ~

mailer for you whic h includes dozens ~

of insider hardware hacking secret re- <0

sources . Wri te or call for info . R-E ~

77



COMPUTER CONNECTIONS

Windows pains land pleasures)

JEFF HOLTZMAN

FIG. 1-HERE IS WINDOWS AT WORK, showing a few of the best Windows products.

Phone Book Entries In E:\XTALK\XWP

Font issues
I love my LaserJet II. but some­

times wish I'd never bought it. For the

use it's very hard to notice much dif­
ference.

Enhanced doesn't work for me,
however. The problem manifests it­
self as an occas ional keyboard lock­
up, seeming ly w ithout cause. Only
the keyboard dies; I can still use a .
mouse to save files and shut down
Wind ows. Then it's time for a cold
boot. Not e: The probl em happen s
only in Enhanced mode, not in Stan­
dard mode or DOS.

It first happened when I installed a
sca nner- interface card. In t rackin g
down the prob lem. I spoke with Mi ­
crosoft and the PC manufacturer to
no avail. and ended up locating the
card in another com puter. However.
after installing a Lantastic network in­
terface card. the problem resurfaced .
This time. however. the adapter had
to remain in the computer. Trying to
reso lve the problem. I have spe nt
hours on the phone wi th Microsoft,
the PC manufactu rer. and the man­
ufactu rers of the inte rface cards. In
the process I've received severa l
BIOS upgrades . hin ts abou t key­
board sett ings in Windows' initializa­
tion files, and lots of finger pointin g.
all to no avail.

The only solut ion is to operate ex­
clusively in Standard mode. 1 lose my
envelope printer. the ability to multi­
task DOS apps, and the ability to run
them in w indows . In standard mode,
when you make a DOS app current,
W indows clears the screen, swaps
some stuff to disk . and then lets the
DOS app do its thing . The swapping
process is slow and distracting .

On the other hand. standard mode
is more than bearable when running
only Windows applications. For ex­
ample. you can start a 2400-bps file
transfer and go do some thing else . I
regularly transfer megabytes of data
while working undistracted in Word
for Windows, Corel, ToolBook, etc .

Prlnll:r In OulCaptur e

c uss ed be low) . I use d t o run
ProComm in a window. uploading and
downloading files. while I worked in a
Windows word processor. Tech ­
nically. it worked; I was able to send
and receive files at 2400 bps without
error. However. keyboard response
was ext remely slow, and screen up­
dates were distracting . If you've ever
used Desqview, yo u know how it
feels.

Another example of why enhanced
mode is useful : Several years ago I
wro te a TSR (term inate and stay resi­
dent) progra m for printing envelopes .
On a word processor. I put the cursor
on the address bloc k of a letter. load
up the LaserJet , press a hotkey. and
out comes a nicely formatted enve­
lo pe. When runn ing in Enhance d
mode. I can bring up the word pro­
cessor (in the graphical simulated­
text mode ) and the TSR still works .

A s for sp e e d. I ' ve s ee n
ben chmarks th at show Enhanced
mode to be about 15% slowe r than
Standard mode (while running Win­
dows . not DOS. prog rams), but in

..~ [lie f.dit Yiew In!O ert f orma! Utilities MiCrO-W indow _.!J.~!P.

Font: [~.~~~~m Pt:;: [Om C!lI0 .u.. Jt!

Style: INormlS1 1m'!f Ox 0.; -;:; _

t .' f ile f dll Actions Eetup

-- MicrosoftWord · BENCH912.DOC

Last month. we discussed how
and why Windows is going to
irrevocably change the PC in­

dustry. Now let's look at how to put
Wind ows to use today.

You probably know that Windows
can run in three different modes:
Real. Standard. and Enhanced. Real
mode should have been called Unreal
mode. because it is so slow that it's
unrealisti c to expect anyone to use it.
Real mode was created for marketing
reas ons . not techn ical ones . W in­
dows will run on an 8088. and older
app licat ions w il l run under it. But
you'd have to be crazy to want to.
Even on a relat ively fast (16-M Hz)
386. real mode is much slower than
the other two mode s.

Technically, Enhanced mode is the
most sophist icated. It allows you to
run regu lar DOS appl icati ons on ­
sc reen in graphics mode . in si mu­
late d text -mode w indow s. simu lta­
neously w ith regular Win dows ap­
plications. For example. before I got a
real W indow s co mmunica t ion pro­
gram (Crossta lk for Windows , dis-
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R-E Computer Admart
Rates: Ads are 2Y.t x 2Vs". One insertion $995 each. Six insertions $950 each. Twelve
insertions$925 each. Closing datesame as regular ratecard . Send order with remittance to
Computer Admart, Radio-Electronics Magazine, 500-B Bi-County Blvd ., Farmingdale, NY
11735. Direct telephone inquiries to Arline Fishman , area code-1-516-293-3000. FAX
1-516-293·3115. Only 100%Computer ads are accepted for this Admart.

BP181-lt is probable that 80% of dot-mao,
trix printerusers only ever use 20% of the
features offered bytheir printers. This book
will helpyou unlockthe special features and
capabilities that you probably don't even
know exist. To orderyourcopy send $6.95
plus$1 .50forshipping inthe U.S. to Elec­
tronic Technology Today Inc., P.O. Box
240 , Massapequa Park, NY 11762-0240.

..,

Ie PROMPT DELIVERY!!!
SAME DAY SHIPPING (USUALLY)S QUANTITV ONE PRICES SHOWN for DEC. 2. 1tiO

BP135-Abeginners guide
to the Commodore64 pre-
sents massesofusefuldata
and programming tips, as
well as describing how to
get the best from the
powerful sound and graph- '- --'
ics faci lities. We lookat how the memory is
organized , random numbers and ways of
generating them , graphics-color-and sim­
ple animation , and even a chapter on ma­
chine code . Get your copy today. Send
$5.00plus$1 .25 for shippingin theU.S.
to Electronic Techology Today Inc., P.O.
Box 240 , Massapequa Park, NY
11762-0240.

SECRETS OF THE
COMMODORE 64

Secrets of th e
COMMODORE 64

Gettin g The
Most From Your
Printer

GETTING
THE MOST
FROM YOUR
PRINTER
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amoun t of unbillable t im e I have
wasted on soft fon t prob lems, I co uld
have bought a PostScript printer.
Wind ows has a mech anism for insta ll­
ing so ft fon ts , but soft-fon t installa­
tion programs have a habit of really
messing up WIN.IN!. Several t imes
the file has gotten so badly screwed
up that I had to re- install Win dows
and so me apps from sc ratc h. And
don 't forget about ded icating 10 or 20
megabytes of space just to sto re the
co mmon sizes of ha lf dozen fonts.

That said, I've fo und Bit st ream
font s to be the most reliable and of
the highest visual quality. They are ,
however, expensive compared with
the fonts sold by some ven dors , and
th ey' re also limited as to special
effects . The best package I've found
for generat ing w ild headline fon ts and
the like is M oreFonts , from Micro­
Logic Corp.

Flash : a copy of Ado be 's ATM
(Ado be Typ e M anager) just arrived. It
is the eq u iva le n t o f p u t t i ng a
PostScri pt font engine insid e W in­
dows itself, and be cause fon ts are
scaled as they are ne eded, disk stor­
age is minimal-abo ut a megabyte
fo r 35 fonts, eac h of w hich can be
sca led as needed to any reasonable
size . Of co urse wh at yo u gain in stor­
age space, you lose in processing
speed ; f ile print ing and screen up­
dates take lon ger becau se fo nts
must be built as they are needed .

To alleviate that problem, ATM re­
serves a user-selected amou nt of
mem ory for a font cache; figure at
least lOOK; 500K works, and for doc­
ument s with lot s of font changes, a
megabyte is better. The basic ATM
incl udes Times , He lveti ca, C ourie r,
and Symbol fonts; at abou t $ 100 list,
it's a stea l. Note: ATM does its tri cks
w ith PostScript print ers, LaserJ ets,
and most common do t -matrix de ­
vices (Proprinter, Epson, etc .r, but
on ly wi th text ; it can 't print PostScri pt
gra phics . The Plus Pack adds 22 ad­
ditional fonts , rounding out the typi cal
PostScri pt co mp lement.

Windows applications
I'd like to be able to operate ex­

clu sively in Windows, but cannot do
so yet. There are extre me ly powerful
programs in some areas , and a com­
plete dearth in others . W hat I miss
most is a decent f ile manager-Win­
dow s' ow n fi le manager is awkward
and limited. It doesn't even show the
amount of free and used space on a
disk drive . What's needed is a W in­
dow s version of Magellan, probably
the best DOS fi le manager on the
market.

Even so, the bas ic Windows pack­
age is surprisingly powerfu l. Several
o f the major applicat ions-Write ,
Paint , Terminal-are as powerful as
decent stand-alone packages of just
a few yea rs back . In a way, the Win -

dows apps really are more powerful
than the old stand-bys , because they
wo rk together, smoothly and eff i­
c ient ly. You can use Term inal to trans­
fe r fil es in th e backgro und w hi le
working elsew here. You can crea te
attract ive draw ings using Paint and
paste them direct ly into w rite . Both
Paint and Write w ill us e wh atever
fonts yo u have install ed on you r sys­
tem . I can see W indows 3.0 being
used by anyone w ho doesn't need
the utmost in power.

The follow ing are my pick s for best
W indows product s.
Word processing: Word for Win ­
dows. A llows multi-fi le ed iting , multi ­
ple views into the same file via (w hat
else) panes ; a macro language as
powerful as some versions of BASIC;
efficient style sheets; the ability to
load and save fi les directly in Word­
S tar, W ordPerf ect , and other fo r­
mats; out lining ; grap hics import and
printin g. Cou ld substi tute fo r desktop
publi shin g in many circ ums tances ,
but it is indisputably large and slow.
Telecomm: C ro sstalk for Win ­
dows. Ext remely powerfu l script lan­
guage for automat ed t e leco m m
sessions . Run s beaut ifully in the
background ; minim ize it to an ico n,
and it displays pe rcent of tra ns fer
complete, beeps w hen done.
Ut ilities: hD C's Fir s tApp s. Pro ­
vi des rea l-time me mory-usage di s­
p lay, ab i l i t y t o s ave c o m p le t e

"mco
:D
C
}>­
:D
-<
<D
<D

79



• CrossTalk for Windows ($195),
DCA, 1000 Alderman Drive, Alpha­
retta, GA 30202-4199.
(404) 442-4000.
CIRCLE 47 ON FREE INFORMATION CARD

• Ventura Publisher Windows Edi­
tion ($895), Ventura Software, Inc.,
15175 Innovation Drive, San Diego,
CA 9212.
(800) 822-8221 .
CIRCLE 48 ON FREE INFORMATION CARD

• Pizazz Plus ($149), Application
Techn iques, Inc. , 10 l amar Park
Drive, Pepperell, MA 01463. .
(508) 433-5201.
CIRCLE 35 ON FREE INFORMATION CARD

• Gorel Draw ($XXX) , Gorel Sys­
tems Corporation, 1600 Carling Ave­
nue, Ottowa, Ontario, Canada K1Z
8Rl.
(613) 728-8200.
CIRCLE 34 ON FREE INFORMATION CARD

ITEMS DISCUSSED

• Adobe Type Manager ($99), Plus • FirstApps ($99.95), hOC Cornput-
Pack ($198), Adobe Systems lncor- er Corporation, 6742 185th Avenue
porated, 1585Charleston Road, P.O. NE, Redmond, WA 98052.
Box 7900, Mountain View, CA (206) 885-5550.
94039-7900. CIRCLE 46 ON FREE INFORMATION CARD

(800) 83-FONTS.
CIRCLE 41 ON FREE INFORMATION CARD

• MoreFonts ($149.94), Micrologic
Software,6400 Hollis Street, Suite 9,
Emeryville, CA 94608.
(415) 652-5464.

CIRCLE 42 ON FREE INFORMATION CARD

• ToolBook 1.0 ($395) , Asymetr ix
Corp., 110 110th Avenue NE, Suite
717, Bellevue, WA 98004.
(800) 624-8999, (206) 462-0501.
CIRCLE 43 ON FREE INFORMATION CARD

• Windows3.0 ($149), Word for Win­
dows 1,1 ($495), Entertainment Pack
($39.95), Microsoft Corp., 17011 NE
36th Way, Box 97017, Redmond, WA
98073-9717.
(206) 882-8080.
CIRCLE 44 ON FREE INFORMATION CARD

• Windows 3 Companion, Lori l .
Lo renz and R. Michael O'M ara
($27.95) , Too/Book Companion,
Joseph R. Pierce, ($27.95) , The
Cobb Group/Microsoft Press, One
Microsoft Way, Redmond , WA
98052-6399.

CIRCLE 45 ON FREE INFORMATION CARD

ASK RE

tro ller is hard eno ugh even when you
have all t he documentation for the
computer. To try doi ng the same thing
with a complete ly unknown machine
that has no support ing paperwork
and (so you say) no I/ O ports stri kes
me as an exercise in futility.

How yo u expect to contro l lights
using a machine w ith no I/ O ports is
beyond me. And adding them to a
machine for which you have no paper­
wo rk , and built by a company you
can't get in touch with is a job only
Sisyphu s would want.

If you've got the urge to build a
hom e co ntro lle r, yo u ' ll be much,
much better off spending five hun­
dred bucks or so for a PC clone and
using that as the basis for the project.
You' ll have a known machine w ith real
ports and languages available to w rite
the softwa re.

I don't like to discourage anybody
from doing whateve r project they set
th e ir minds to , but yo urs is only
slightly less diffi cult than striking a
match on a bar of soap. R-E

co ntinued from page 16
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Get A Complete Course In

ELECTRONIC
ENGINEERING

8 volumes, over 2000 pages,
inclu ding all necessary math and
physics. 29 exa minat ions to he lp
you gauge your person al pro­
g ress. A truly great learning
experien ce.

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

Ask for our broch ure g iving
complete detailsof content . Use
your free information card num­
ber, or write us d irect ly. $99.95,
Postage Included. Satisfaction
guara nteed or money refunded.

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

Wind ow s enviro nme nt and rel oad
later. Good alarm clock too. Updates
will provide file manager and Lap-Link
type co mmunicatio ns.
Desktop Publisher: Ventura Pub­
lisher 3.0 is pretty much a stra ight
port from the GEM version; it pro­
vides exce llent table and equat ion
edit ing, automatic counters, table of
contents, indexing. PageMaker 3.01
mere ly adapts 3.0 for Win 3; PM 4 is
due out around the t ime you read this,
and is eagerly awaited .
Illustration: Co rel Draw has a mini­
malist user interface that continues
to amaze me with its power. I w ish it
did a better job with small font sizes,
displayed a visib le grid, did arrays,
and allowed symbols.
Screen Capture: My unabashed
favorite screen -capture and print pro­
gram is Pizazz Plus. The current ver­
sion only partially supports Windows;
full W indows support should be out ­
by the time you read th is.'
Development Environment:
Tool Book . For use r-interface pro­
totyp ing, there's noth ing like it. Ex­
t remely powerful and fun.
Games: I'm not much of a gamester,

but I've seen a few Windows games
that are att ractive. Microsoft has re­
leased an Entert ainment Pack w ith a
vers ion of Tetr is, several card games ,
a screen blanker, and more. A lso , I've
co llec ted a few shareware gam es
(Ch ess , Checkers , a Tetri s c lo ne)
that I'll post on the R-E BBS.
Books: M icrosoft's W indows
User's Guide is infinitely better t han
previous versio ns, but is really a refer­
ence guide. The Windows 3 Co mpan­
ion provides a view from the user 's
perspec tive. For ToolBook program­
ming, the Too/Book Co mpanion in the
same series is quite useful.

Conclusion
If I complained about Windows, it's

only because it's wo rth complaining
about-I see plenty of bad softwa re
that isn 't wo rth the magnetic ink it's
printed on. In spite of my comp laints, I
really like Windows. The program is
not perfect, but it got a who le lot
better with vers ion 3 .0. This versio n
is more than just a passing fad be­
cause it represe nts not just a new
way of doing th ings, but a bette r way.
Try it-you really wi ll like it. R-E
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Last month we traced the inter­
twi ned history of some of the
import ant New England-based

loudspeaker manufacturers. Without
exag ge rat io n, it ca n be sa id th at
th ose companies es tabl ished new
technical standards for home loud­
speakers. In general. their products
were smoother, had w ider range, and
had far less co lo rat ion than ei ther
previous designs or those of most of
thei r co mpetitors on the West Coas t.
Al thou gh I covered on ly the most
prominent New England compan ies
and desig ners , I'm sure that there are
others wh o made con tr ibutions that
also advanced the state of the speak­
er art .

As discussed in last month 's col­
umn, one of today's leading manufac­
turer s of high-qu ality speaker sys ­
tems is Boston Acou stics. Last fall I
had the pleasure of vis iting BA 's new,
highly auto mated plant and spending
the day with the president of the com­
pany, And y Petite. In the cou rse of
our convers ations , we touched on a
number of issues and matters that
are of co ncern to anyone interested
in how loudspeakers are designed
and manufactured-and particularly
what makes them sound good. What
foll ow s is a rando m se lect io n of
Andy 's views, somewhat condensed
and paraphrased.
• As you know, the crossover net ­
works found in today 's speake rs
range from the incredibly complex to
the surprisingly simple. We try to de­
sign the simplest possible crossover
that will do the job in a part icular sys ­
tem. Man y of the co mponents that
you see in co mplex crossovers are in
there to co mpensa te for the deficien­
cies of the system 's drivers. For ex­
ample, if you design a woofer wi th a
smooth respon se at the crossover­
frequency area and above-which is
the right thing to do with respect to
overall performance-you can con­
siderably sim plify your crossove r net ­
work . Not only does that save money,
but it also minimizes power losses

AUDIO UPDATE

The Boston Sound: Part II

and provides a smoother impedance
curve for the amplifier to drive.
• In pr od uc t io n, o ur asse mb led
crossovers are checked against a ref­
ere nce net work to a to lera nce of
± 0 .5 dB. Aside from helping ensure
the frequen cy performance of the
sys tem as a whole, that procedure
eliminates the crossover assembly as
the cause if system response is not
up to spec in the final checkout.
That's impo rtant because, while it's
easy to replace drivers if necessary,
it's a real pain to get to and fix a
crossover once it's finally installed in
an enclosure.
• We usually prefer to use aco ustic­
suspe ns io n woofers rath er than
bass-ref lex or vent ed des igns for two
reasons: The woofer in a vented sys­
tem is inherently uncontrolled below
its low-frequency cuto ff. The very low
frequencies generated by turntable
rumb le and tone-arm resonances can
cause excessive cone excurs ions in
the infrasonic area and, therefore, in­
termodulat ion dist ort ion at aud ible
frequencies . Of course, as LP's fade
from the marketplace, the sonic prob­
lems produced by the equipment that
is used to play them will also disap­
pear.

Another difficulty has to do with the

FIG . 1-BOSTON ACOUSTICS ' SW10
powered subwoofer features a 100-watt in­
ternal amplifier with electronic crossover.

LARRY KLEIN

way a woofer ages . Its suspension
becomes more compl iant over time,
which can mistune a crit ically tuned
vented sys tem. In contrast, an acous ­
tic suspension design is relatively im­
mune t o bass-response changes
throu gh woofer aging. Both of those
problems are a lot less severe these
days, although we question how well
small and/or inexpensive vented sys­
tems react to the strong low bass
found on many CD's.
• When it's tech nically and eco nom­
ically feasible -to do so , there's a defi ­
nite advantage in direc tly powering a
woofe r o r su bwoofe r. By elec­
troni call y con t ro lling the cha rac­
teri sti cs of the s igna l fed to the
woofer you can easily achieve very
low frequency crossovers, response
curves, and very steep rolloff s that
wo uld be quite impractical with pas­
sive inducti ve/ capacit ive networks.
That allowed us to use a vented sys ­
tem fo r our powered subwoofer­
which has the advantage of reduced
excursion at low frequencie s com­
pared to an aco ust ic suspension­
with out ,running int o th e infrasonic
problems I just mentioned.

You can also avoid many type s of
acous tic problems wi th non-powered
vented designs by des igning them for
a goo d low-bass response. If the cut­
off frequency is made low enough,
the speaker will be contro lled prop­
erly down to the lowest musical fre­
quencies.
• There 's a com mo n ass ump t io n
that the larger the woofer in a system,
the better the bass. But for a large
woofer to be effec tive it must be in­
sta lled in a large enough enclosure.
For examp le , if you put a 12-inch
woofer in a 1.5-cubic-foot enc losure ,
the small volume of the enclosed air
raises the system resona nce, and the
bass response decreases. To restore rii
the bass you have to add more mass ~
to the cone, and then use a heavier j;
magnet to maintain effic iency. That is ~

not a ve ry cost -effecti ve process . (0

The only advantage of a large cone (0
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been giving papers on phase-correct
crossover networks. At one point he
and a grad student dec ided to build a
speaker system based on the pro­
fessor's theories . It turned out that
the system didn't work very wel l be­
cause real-world drivers have a com ­
plex imp ed an ce , quite unli ke th e
resistors on which the des ign calcula­
tions had been based. The next year
his paper was based on his work with
real world drivers .
• Except w hen dealing with au­
dioph iles, speaker designers have al­
ways had a tough job satisfying
interior decorators , architects, and
others who wou ld prefer that speak­
ers be heard but not seen. Elect ronic
woofer co ntro l has made possible
substa nt ial reductions in cabinet size
while sti ll realizi ng adequate bass .
However, the laws of physics put a
lim it on how loudly a very small
woofer can play and how low it can go
even with everything optimized. Built­
in wall speakers and subwoofer/sat­
ellite systems are two variable solu­
tions to make speakers invis ible, or
at least unobtrusive in the home or
workplace.

A final word : Andy Peti te's views
on speaker des ign should be par­
t icularly interesting to anyone who
likes to know the techn ical thinking
and design process behind commer­
cial audio products . As the proof of
the pudding is in the eating, so too
the test of any des ign approach is the
performance of the product. To my
ears, Andy's thinking-and des ign
approach-make an exce ptiona l
amount of sense. R-E

woofer is a somewhat higher max­
imum output level-assuming that it's
installed properly in an adequately
sized box. If you can get the loudness
levels you want with sma ller cones ,
you are better off using them-in
pairs if necessary. Using small cones
in pairs has definite advantages.
• Some of the bas ic enclosure
ground rules change when you 're
dealing with car-stereo speakers or
speakers meant to be flush mounted
in a wall. In both cases , we design the
woofers wi th a fa ir ly st iff-suspen­
sion-which makes them more rug­
ged-because their free-air reso ­
nance is not shifted upward to any
degree by the mounting. In genera l,
there is not a significant variat ion in
the rear loading seen by woofers in
most car installations. We get a very
good correlation between tests in a
car door or rear package shelf and
tests done with the woofer mounted
on a simulated infin ite plane baffle­
in other words, a large sheet of
plywood.
• Over the years I've observed that
there is a real dichotomy between the
views of the emp irical and the the­
oretical speaker des igners . For ex­
ample, for years the academic
theorists wou ld give loudspeaker-de­
sign papers at various Audio Engi­
neering Society conventions . Those
were frequently greeted by snickers
from the des igners in the room, be­
cause it was clear that the theoreti­
cians had not tried out the ir ideas by
designing and buildi ng systems. A fa­
vorite example: One particular pro­
fessor of acoustics had for years

FIG. 2- BOSTON ACOUSTICS ' 380 is the sm allest 8-inch, two- way, f lush-mount speaker
system availab le.

THE MONEY MAKING OPPORTUNITY
OF THE 1990'S

IF you are able to work with common small hand
tools, andarefamiliar withbasic electronics(i.e. able
to use voltmeter, understand DC electronics).. . .
IFyoupossessave rage mechanical ability, andhave a
VCR onwhichtopracticeand learn . . . .then we can
teach YOU VCR maintenance and repair!
FACT: upto90% ofALL VCR malfunctionsaredue to
simple MECHANICAL or ELECTRO·MECHANICAL
breakdowns!
FACT: over77millionVCRs in use today nationwide!
Averagp VCR needsserviceor repair every 12to 18
months!
Viejo's400 PAGE TRAINING MANUAL (over 500 pho­
tosand illustrations) and AWARD·WINNING VIDEO
TRAINING TAPE reveals theSECRETS ofVCR mainte­
nance and repair- " real world " information that is
NOT available elsewhere!
Also includes all the infoyou'll need regarding the
BUSINESS-SIDE of runningasuccessful service op-
eration! FREE INFORMATION

CALL TOLL-FREE 1-800-537-0589
Orwrite10: Viejo Publications Inc.

5329 FountainAve.
Los Angeles , CA 90029 Oepl. RE

CIRCLE 189 ON FREE INFORMATION CARD
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How to build a high-paying careen
even a business of your own,
in computer programming.
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(please print)

IBM is a Registered Trademark of t he IBM Corp orati on

·Send for your NRI catalog today.
It's yours, free.

If the coupon is missing, write to us at
the NRI School of Computer Program­
ming, McGraw-Hill Continuing Educa­
tion Center, 4401 Connecticut Avenue,
NW, Washington, DC 20008.

Your career in computer .
programming begins with

your FREE catalog from NRI.

For all the details about NRI's at-home
training in Computer Programming,
send the coupon today. Soon you'll
receive NRI's fascinating , information­
packed, full-color catalog.

Open it up and you'll find vivid
descriptions of every aspect of your
NRI training. You'll see the computer
system included in your course up
close in a specia l, poster-sized foldout
section. And, best of all, you'll find out
how your NRI training will make it
easy for you to build that high-paying
career -even a business of your own- in
computer programming.

C, and COBOL. Then, rounding out
your training, you use your modem to
"talk" to your instructor, meet other
NRI students , even download pro­
grams through NRI's exclusive pro­
grammers network, PRONET.

ADDRESS

NAME

.------------------
, NiI!l School of Computer Programming I

McGraw-Hill Continuing Educat ion Center ~'jl;tl I
4401 Connect icut Avenue , NW .'lnllil I
Washington, DC 20008 • I
YES! Please rush me my FREE catalog describing NRI's I
at-home training in Computer Programming. I

I
AGE I

I
I
I

You master today's hottest computer languages, gaining the skills you need to
build programs for a wide variety of real-world applications.

baud internal modem, 640K RAM,
disk drive, monitor, and invaluable
programming software-BASIC, Pas­
cal, C, and COBOL-all yours to keep.

You get the experience and the
know-how, the computer and the
software to get to the heart of evC1Y
programming problem, design imagi­
nat ive solutions, then use your choice
of four key computer languages to
build origina l, working programs.

No matter what your background,
NRI gives you everything you

need to succeed in programming,
today's top-growth

computer career field.
You need no previous expe rience to
build a successful programming career
with NRI training. Indeed, your NRI
lessons start by walking you step by
step through the fundamentals, giving
you an expert understanding of the
programming design techniques used
every day by successful micro and
mainframe programmers. And then
the fun really beg ins.

With your personal NRI inst ructor
on call and ready to help, you use your
computer and software to actually

design, code, run,
debug, and
document
programs in
BASIC, Pascal,

RICK BRUSH,
NRI PROGRAMMER/ANALYST

Only NRI gives you an IBM-compatible computer with modem ,
640K RAM, disk drive, monitor , and software--BASIC, Pascal , C,
and COBOL-all yours to keep!

Start with training that gives you
hands-on programming experience
-at home and at your own pace.
Training that begins with BASIC,
then continues with Pascal, C, and
COBOL-today's hottest computer
languages. Training that even
includes a powerful IBM -com pat ible
computer, modem, and program­
ming software you keep.

Start with real -world training.
The kind of training only NRI
provides.

Now with NRI's new at-home training
in Computer Programming, you can be
one of today 's highly paid, creative
team of computer wizards who give
computers the power to carry out an
astonis hing range of business, profes­
sional, and personal applications . Now,
with NRI, you can be a computer
programmer, ready to build a high­
paying career - even a business of
your own -making computers do
anything you want them to do.

The only programming course
that includes a powerful

computer system and
software you keep.

Unlike any other school, NRI
gives you hands-on programming
experience with a powerful IBM /
compatible West Coast com-
puter system, including2400
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R-E Engineering Admart
Rates: Ads are 214" x 2W'. One insertion $995 each. Six insertions $950 each. Twelve
insertions S925 each . Closing date same as regular rate card. Send order with remittance to
Engineering Admart, Radio-Electronics Magazine , 500-B Bi-County Blvd ., Farmingdale, NY
11735. Direct telephone inquiries to Arline Fishman , area code-1-516-293-3000. FAX
1-516-293-3115. Only 100%Engineering ads are accepted for thisAdmart.
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FCC LICENSE
PREPARATION

The FCC has revised and updated the
commercial license exam . The NEW
EXAM covers updated marine and
aviation rules and regulations,
transistor and digital circuitry.
THE GENERAL RADIOTELEPHONE
OPERATOR LICENSE· STUDY GUIDE
contains vital information. VIDEO
SEMINAR KITS ARE NOW AVAILABLE.

WPT PUBLICATIONS
979 Young Street, Suite E
Woodburn, Oregon 97071

Phone (503) 981-5159 Dept. 50
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NEW LIT

i ~
' MIDI "
; Projects .c

MIDI
PROJECTS

BP182-MIDI interfacing enables any so
equipped instruments, regardless of the
manufacturer, to be easily connected to­
getherandused asasystem with easycom­
puter control of these music systems.
Co mbineacomputerand someMIDI instru ­
ments and you can have what isvirtually a
programmable orchestra. To get your copy
send $6.95plus $1.25 forshipping inthe
U.S. to Electronic Technology Today
lnc., P.O. Box 240, Massapequa Park,
NY 11762-0240.

Use The Free Information Card for fast response.
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STAYING WITH DOS:
GETTING THE MOST
FROM YOUR COMPUT­
ER WITHOUT CHANG­
ING YOUR OPERATING
SYSTEM; by Dan
Gookin. Ventana Press ,
P.O. Box 2468 , Chapel
Hill , NC 27515; Tel:
919-942-0220; Fax:
919-942-1140; $22.95.

Even though today's so­
phisticated co mputers and
app lications software are
increas ing ly dema nd ing,
there's a good chance that

CIRCLE 31 ON FREE
INFORM ATIO N CARD

you can get by with DOS,
and not have to upgrade to
an expensive new ope rat­
ing system. This book can
help you decide w hether
you should stay with DOS
as it is, use other products
to enhance it, or move on
to a new operating system.
It emphasizes that DOS
can remain a viable alter­
native to OS/2 or Unix, and
explains how users can get
more memory , more
speed , better grap hics ca­
pa bi l ities, and even do
multi-tasking and network­
ing with the ir old opera t ing
system. A chapter on Win­
dows 3.0 and other graph­
ica l user interfaces pro­
vides a detailed overview of
how to use those to make
DOS perform like the new­
er, more powerful operat­
ing systems, wi thout hav­
ing to invest money and
time in buying and learning
to use a new operating sys­
tem . Convenient check­
list s help readers evaluate
their needs, and appen-

dices provide detailed buy­
ing information on new
products tha t help boost
the speed and power of
DOS.

ECG AUDIO AND VID­
EO: Replacement Parts
& Service Aids ; from
Philips ECG; 1025 West­
minster Drive, Williams­
port, PA 17701 ; Tel: 800­
526-9354.

Philips ECG's expand ing
audio and video product
line-including a larger se­
lection of VCR mechanical

replacement parts and re­
p lacemen t RF modu­
lators-is desc ribed in the
second edit ion of this cata­
log and cross-re ference
qu ide . Severa l previo us
EC G pub lications have
bee n co nsolidated in this
one book, which presents
more than 270 products.
The catalog co ntains pic­
torial se lector qu id e s .
spec ificat ions, cross-refer­
ence sections, and related
replacement info rmat ion
on a variety of VCR modu­
lators, opto-sens ing de ­
vices, pinc h rollers, id ler
w heels , assemb lies and
tires, individual belts and
belt kits, and VHS/Beta re­
placement heads . Also fea­
tured are serv ice aids for
making fine adjus tme nts to
tape equipment , such as
aud io /v ideo tes t cas ­
settes , lubricants, and
cleaning materials. The cat­
alog cross references 3 1
popular VCR brands and
more than 2400 ind ustry
model /part numbers. R-E



MARI{ET CENTER
FOR SALE

DESCRAMBLERS. All brands. Special: Combo
Jerrold 400 and SB3 $165.00. Complete cable de­
scramb le r kit $39 .00 . Complete satellite de­
sc ramb ler k it $45 .00 . F ree ca talog . MJM
INDUSTRY, Box 531, Bronx, NY 10461-0208.

ENGINEERING software, PC/MSDOS. Hob­
byists - students - engineers. Ci rcu it de­
sign and drawing, PCB layout, Logic
simulation , FFT analysis , Mathematics, Ci r­
cuit analysis . Call or write for freecatalog . 1
(800) 728-3805 , BSOFT SOFTWARE, 444
Colton Rd. , Columbus , OH 43207.
RESTRICTED technical information: Electronic sur­
veillance, schematics , locksmithing, covert sc i:
ences , hacking , etc. Huge selection. Free
brochures. MENTOR-Z, Draw er 1549, Asbu ry
Park, NJ 07712.

TUBES: "oldest," "latest." Parts, schematics. SASE
for lists. STEINMETZ, 7519 Maplewood Ave., RE
Hammond , IN 46324 .

CABLE TV converters & descramblers for Jer­
rold and Scientific Atlanta. Low pr ices, one year
warranty. We ship COD. BAY STATE ELEC­
TRONICS, PO Box103, Boston, MA 02188.1 (800)
359-9806 .

SURVEILLANCE telephone , monitor room con ­
versatio n, $175 .00. Monitor room and telephone
conversations, $275 .00. Dialer, calls you whenever
telephone is used, $305.00. Catalog, $3.00 to: LIS­
TEN ELECTRONICS, 603 Elgin, Muskogee, OK
74401. 1 (800) 633-8277.

CABLE 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.

T.V. notch filters, surveillance equipment, brochure
$1.00 . D.K. VIDEO , Box 63/602 5, Margate , FL
33063 . (305) 752-9202.

RADIO tubes, parts. Extensive listings. $1.00 (re­
fundable). DIERS, 4276-E6 North 50th Street, Mil­
waukee, WI 53216-1313.

CABLE TV DESCRAMBLERSI
BARGAIN HEADQUARTERS!

-JERROLD™ -TOCOM -HAMLIN

-OAK -ZENITH

-SCIENTIFIC ATLANTA

6 month warranty! We ship C.O .D.!

Lowest retail/wholesale prices!

FREE CATALOG :

Global Cable Network

1032 Irving St. Suite 109

S.F., CA 94122

NO CALIFORNIA SALES!! !

ORDER TODAY! 800-327-8544
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Al l Jerro ld, Oak , Hamlin, Zenith , Scientific
At lanta, Magnavox and all spec ialized cable
equipment availab le for shipment with in 24
hours. For last service MC /VISA orC.a.D.
teleph on e orders ac cepted (800) 648-3030
60 Day Gu arantee (Qua ntity Discounts)
8 A.M. to 5 P.M. C.S.T. CLOSED WEEK­
ENDS. Send self-addressed Stamped enve­
lope (50\'; postage) for Catalog.

TEST equipment pre-owned now at affo rdab le
prices. Signal ge nerato rs from $50 .00, os ­
cilloscopes from $50.00, other equipment, including
manuals available. Send $2.00 U.S. for catalog,
refunded on 1st order. J.B. ELECTRONICS , 3446
Dempster, Skokie, IL 60076. (708) 982-1973.

1/4 WATT resistor kit 161 values 5 each in its own
labeled envelope. All in a neat file box. 5 more each
of popular values. 990 resistors. $19.95 shipped.
DELTA DISTRIBUTORS, Box 87, E. Derry, NH
03041.

ROBOTICS software, PC/MSDOS. Explore com­
puter vision , so nar sens ing. Free brochure .
ROBOTS ETC, Box 122, Tempe, AZ 85280.

FREE catalogue . Computers. Electronic parts and
kits . Fil ters, ampl ifi ers , power supplies . Radio
Shack Dealer. MCDOWELL ELECTRONICS , Box
1206, Brewton, AL 36427. (205) 867-8805.

30 CH PARABOLIC DISHSYSTEM $173.90
30 CH RODANTENNA SYSTEM 5193.90
30CHCRYSTALCONTROLLEDSYSTEM5294.95

SUN MICROWAVE INn . INC. SENO$1.00 FOR
PO. BOX134522 CATALOG ON THESE
PHOENIX. AZ. B5067 ANOOTHER FINE
I60ZI Z30·0640 VIOEOPROOUCTS
OUANTITY OISCOUNTS

NEW devices: proximity switch, static snooper, per­
sonal defender, laser supplies, bug snooper, PC
interfaces and more. Catalogue $2.00. BAUER , 35
Soucy, Delson, Quebec, JOL 1GO.

COMMUNICATIONS SECURITY ASSOCIATION
- Electroni c surve illance , counter survei llance,
communications security topics - membership in­
formation - POB 7069, Gaithersburg, MD 20898.
(301) 309-3731.

PROTOQUICK Z8, single board computer with pro­
totype area, $69.00. SOFTWARE SCIENCE, 3750
Roundbottom Road, Cincinnati, OH 45244. (513)
561-2060.

KITS, MC68701 programmer $135.00, Morse code
keyboard $75.00, ten meter FM conversion $25.00.
SINGLE CHIP SOLUTIONS, Box 680 , New
Hartford, CT 06057-0680.

WIRELESS CABLE RECEIVERS 1.9TO 2.7 GHz

CABLE TV brokers and distributors high volume of
descramblers Jerrold SB-3 refurbished or as is, con­
verters Jerrold models DRX-400, JRX and hand
remote control (no Canada sales for descramblers).
Affit ech , ask DANIEL PERREAULT (514)
656-9150.

PROGRAMMABLE stepper motor drive & control
for under $100, IBM PCIXT compatible, Com ­
modore 64, or other with 25 pin parallel port. PCB,
interface & software. Send for detailed literature to:
MASE, R.D. #2 Box 166, Mohrsville, PA19541.

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 Box582, Dept. E, Saco, ME
04072. 1 (800) 234-0726.

WIRELESS CABLE - IFTS• MMDS - Amateur TV
UltraHighGain 50dbl+) 0 Tuneable 1.9 102.1Ghz.

o 36-ChannelSystem Complete S149.95
o 12-ChannelSystem Complete S114.95
o Call orwrtte(SASE) lor "FREE" Catalog

PHILLIPS·TECH ELECTRO.ICS
P.O. BOI 8533 0 Scottsdale, AI 85252

LIFETIME (602)947·nOO 1$3.00Credtt ali phoneorder.)
WARRANTY MnterCard. VIII. COD's. OunUfyPricing

CABLE TV converters: Jerrold, Oak, Scientific At­
lantic, Zenith & many others . " New MTS" stereo
add-on: mute & volume. Idea l 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.

PRINTED circuit boards etched &drilled. Free deliv­
ery.K & F ELECTRONICS, INC., 33041Groesbeck,
Fraser, MI 48026. (313) 294-8720.

FREE catalog : Save hundreds on sought after elec­
tronic, electro mechanical, and computer related
hardware and components - including hard-to-find
items. Call toll free: 1 (800) 776-3700. AMERICAN
DESIGN COMPONENTSlDept. 119-021, 815 Fair­
view Avenue, Fairview, NJ 07022.

ARTWORK created for use in printed circuit board
production from your engineering schematics. Pro­
fessional quality hardcopy, Gerberfile, or Photoplot­
ter outputs. Reasonable rates. Send for details to:
JTD ENGINEERING , 10628 Grandview Place, Alta
Loma, CA 91701.

TUBES , new, up to 90% off, SASE, KIRBY, 298
West Carmel Drive, Carmel, IN 46032.
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MOVIE VIEW SALES
Cable T.V. Converters

Descramblers / Low Prices
PO Box 26' Wood Dale, IL 60191

(708) 766-52221Fax (708) 766-5269
Call CST Mon.-Fri. - 9-5/ Sat.-10-2
JERROLD - SCIENTIFIC ATLANTA

OAK' ZENITH' HAMLIN' PIONEER
ConverterOnly' Hand Helds

Ch. 3 Filters' 3 Ft. Jumper Cable
lY:J VISA/Mastercard lil C.O.D.
lY:J Friendly KnowledgeableService
lY:J 10 Yrs. Experience
lY:J 6 Mos. Warranty

(NO ILLINOIS SALES)

CB DX 1990'S, get more out of your radio. CBR, Box
212, Rochelle Park, NJ 07662 . Catalog.

GREAT buys, surp lus pri ces , DC mo tors ,
PS-13VDC-20A, light chasers, fiber optics, transfer­
mer,s, scope probes, vacuum pumps, LSASE, FER-
TIK S, 5400 Ella, Phila., PA 19120. ,

Cable TV 0
Descramblers I

If you find a better deal. .
we' ll better our deal. ' .

•Jerrold ' To c om ' Ha m lln ' Oak
' Sc len tlfic Atlanta ' Zenlth

Askabout our extend ed warranty
program.

COD. Visa. M/C welcome.
Free Call - FreeCatalog.

Video Tech 800-562-6884
3702 S.Virginia st..ste. 160-304

Reno. NV 89502.

PLANS AND KITS

CB Tricks II book. Power amplifier design and theo­
ry, UHF CB tune ups. Send $19.95 MEDICINE MAN
CB, PO Box 37, Clarksville, AR 72830 .

CATALOG: hobby/broadcast ing /HAM /CB: Cable
TV, transmitters, amplifiers, surveillance devices,
comp uters, more! PANAXIS, Box 130-F2 Para-
dise, CA 95967 . '

AMAZING device disables any remote keychain car
alarm via radio! Cheap one evening project. Sell to
car "Repo" companies for hundreds $profil! Or just
fool friends and neighbors. Complete theory and
plans $12.95. HUMAN MOVEMENT SYSTEMS,
131-30 234 St., Rosedale, NY 11422.

DESCRAMBLlNG, new secret manual. Build your
own descramblers for cable and subscription TV.
Instruct ions, schematics for SS AVI, gated sync ,
sinewave, (HBO, Cinemax, Showt ime, UHF, adult)
$12.95, $2 .00 pos tage . CABLETRONICS, Box
30502R, Bethesda, MD 20824.

TRANSMIT VCR to any set in house. Inexpensive.
No constructio n. Complete instru ctions. $4.00 .
VENTURA, Box 377, Beverly, MA 01915.

AUDIO ! Plans/products - inexpensive, profession­
al, amps, mixers, more! Literature/casse tte - $3.00!
DAVISOUND , Box 521, Newberry, SC 29108.

INVESTIGATORS, experimenters - Quality new
plans. Micro and restricted devices. Free catalog.
Self addressed stamped envelope required KEL­
LEY SECURITY INC., Suit e 90, 2531 Sawtelle
Blvd., Los Angeles, CA 90064 .

MIDI and music accesso ries, plans, kits, and as­
sembled, catalog $1.00, M-SEQ, Box 231233, San
Diego, CA 92194.

Jerrold, Zenith, Hamlin, Sci. Atlanta. Pioneer
& MORE! OUR PRICES ARE BELOW WHOLESALE!

CABLE+ P'LUB
14417Chase St. #481-A PanoramaCity, CA 91402

1-800-822-9955 • Other Info. 1-818-785-4500
ND CAliF. SALES - DEALERS WANTED

REMOVE copy protection distortion while viewing
rental movies. Complete plans using $5-10 in parts .
Send $9.95 and SASE to AUTOSOLV E, PO Box
3997, Oak Park, IL 60301.

BUILD a remote contro lled video sw itch. Send
$1.00 for schematic. D. SCHWEIGART, PO Box
1352. Wellsville, NY 14895.

BUILD from easy-to-follow schematics: audio mix­
ers/e qua lizers (stage, stud io , bu sin ess , hom e,
basic to sophisticated), feedback controllers, active
filt ers. guitar supe r-fuzz box, loud speaker en­
closures (including carlvan), power supplies, more.
vSSE reliability. Send $5.00 for descriptions. Rea­
sonable prices. VON SPRECKEN SOUND ENGI­
NEERING, Dept. B, Box 1315, Clinton, MS 39060.

SURVEILLANCE - Audio/video/infra-red/laser
equipment. Industr ial or private. 500 item catalog
$7.00. SECURITY SYSTEMS, 3017G Hudson ,
New Orleans, LA 70131.

pcrrv interface - RGB to TVlV ideoN CR. Switcha­
ble between PC and composite video inputs. Chan­
nels 3 or 4, RF output. Complete PC card kits
$59 .95 . PC boa rd only $19.95 . INNOVONICS
CORP., 9 Bartlet St., Dept. 36, Andover, MA 01810.

POWERFUL single-chip FM room transmitter, size
of a postage stamp, transmits to any FM radio up to
one mile away. Co mp let e k it $19.95 postpaid.
HERTZ MICRODEVICES, Box 41771. LA , CA
90041-41771.

Communicate with other
R-E readers.

We support300 and1200
baud operation.

Parameters: 8N1 (8 data
bits, no parity,1 stop bit)
or 7E1 (7 data bits, even
parity, 1 stop bit).

Addyourself to our user
files to increase your
access.

Leaveyour commentson
R-Ewith the SYSOP.

RE-BBS
516-293-2283

(RE-BBS)
516-293-2283

Try the

bulletin board
system

Themore you use it the
.more useful it becomes.

MINIATURE FM transmitters! Tracking transmitters !
VOice disguisers! Bug detectors ! Phone Devices!
More! Available in kits or assembled! Catalog $2.00 :
XANDI ELECTRONICS, Box 25647, Dept. 60N,
Tempe, AZ 85285-5647 .

DESIGN your own custom circuits with our user
friendly electronic engineering software. IBM and
compatibles, Commodore 64, and 128. Free infor­
mation. Write or call today! WEASELGRAPHICS,
PO Box 51697, Riverside, CA 92517-2697. Phone 1
(800) 356-8113 Visa/Mastercard.

100

$43.
Each

50

TB-3 (Tri-Bi) or SA-3
Quantity Prices
10 20

$39. $35.
Each Each

$48.
Each

Hours open 10:00 am to 4:00 pm Eastern time
Min imum order 5 units 55.00 ea.
Dealers wanted. We ship COD.

King Wholesale

1-800-729-0036
Fax number 6173400053

"No one beats the King 's prices!"

CABLE TV

DESCRAMBLERS

TOCOM VIP turn on chip that does it all, $40/1,
$35/50 comes with inst ructions (419) 475-9453.

VIDEO game circuit boards, some working, all good
for parts. (Processo rs, eproms, ETC.) $3.00 and up.
Call (301) 233-26 00. Ask for BARRY or CHUCK.

TV troubleshooting solut ions. 450 solutions by
area and co mponents. Symptom remedy make
model Sams ref. Save time, you 'll love it. Send
$24 .50 to PHASE CONTROL ENG., Box 222 ,
Chanhassen. MN 55317.

TOCOM VIP converters w/remote from $279.00.
Tocom super chips turn on everything, $69.00 each.
Phone (219) 935-4128.

PHOTOFACT folders under #1400 $4.00. Others
$6.00. Postpaid. LOEB, 414 Chestnut Lane, East
Meadow, NY 11554.

FM 2-way, CB/amateur, scanners, radar detec­
tors, auto alarms, catalog $1.00, RAYS, PO Box
14862, Fort Worth, TX 76117.
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VIDEOCIPHER II manuals. Volume 1 - Hardware,
Volume 2 - Software - either $34.95. Volume 3 ­
Projects/Software, Volume 5 - Documentat ion or
Volume 6 - Experimentation $44 .95 each. Volume
4- Repair $99.95. Volume 7 - 032/Hacking $54.95.
Cable Hacker's Bible - $34.95. Clone Hacker's
Bible - $34.95. Catalog - $3.00. COD's (602)
782-2316. TELECODE, PO Box 6426-RE, Yuma,
AZ 85366-6 426 .

SATELLITE TV

METAL project boxes - 50% off! Huge selection.
Plus storage capacitors , amplifier kits, electronic
parts. Free catalog. SCC, Box 551RE, Dublin, OH
43017.

PCB and schematic CAD software. Easy multilayer
rubberband zoom pan and more. CGA EGA IBM
compatibles. $195.00. NUMBER ONE SYST EMS,
10565 Bluebird Street, Coon Rapids, MN 55433.
Demo Disc. (612) 757- 8584.

Ili:!::::3 and FAX Ordor (213) 827-1852

PM C ~:~~~~n~:1 Roy. B~~ ~6~::

Plionvu o/itieoplione in a Clii p
S T ILL F R A M E TV PICTURE TELEPHO NE

TRANCEIVER KIT
S end s Slo""" Scan TV pictu re s o v e r
Th e phone lin e In T \Ne l ve Sec ond s

A uto Mode a llo'\N& h onda free so n d
a n d receive . D i spl a y s on a n y TV

I 10 Ch ip R epl a c o s 150 551 Di p s I
50 Levels ~~TOa~M~

of Grey Scale .. n E c.o.wJV\AKJT\lf<HJ OOI

Serves as' TWO SETS AI\E REQUIlB) FOR

TV FAX . EHJ TO E){) C9!0MNCATlON. • nc... ~

~came raJ200 x " 2.!5 - - - '
High Res. 3¥¥ Arflmmmy
50,000

Phonvu Pixels f\ECOflD~;~=~~
Videophone Chip 48P DIP
ond Schematic $59.95
AID, DRAM, D-Reg. $ 35.0 0
PC Boord (BARE) $18.95
50 Ru. Cap. Diode $28.75
Coblnet (unc~t) $12.75
Power Pack ~_

lOT PRICE: • $ 10 ' .15

ASSEU3lED -co""~ $ 235.00

SURVEILLANCE transmi tter kits! Four models of
each; te lephone, room , combination telephone/
room transmitters tune from 65 to 305 MHz. Catalog
with Popular Communications and Popular
Electronics book reviews of " Elect ronic Eaves­
dropping Equipment Design , " $1.0 0 .
SHEFFIELD ELECTRONICS, 7223 Stony Island
Ave., Chicago , IL 60649·28 06.

DAZER II personal protection device! Plans $8.00.
Lasers! Transmitters! Detectors! More! Kits or as­
sembled! Catalog $2.00. QUANTUM RESEARCH,
16645·113 Avenue, Edmonton, Alberta T5M 2X2.

KITS - alarms, gam es , and test equipment. Send
$1.00 for catalog. RAKJAB, PO Box 1875, Apopka,
FL 32704.

FREE CATALOG!
1-800-648-7938

For all information 1-702-362-9026

JERROLD HAMLIN OAK ETC.

CABLE TV
DESCRAMBLERS
• Compare our low Low Retail Prices!

• Guaranteed Prices & Warranties!
• Orders Shipped Immediately!

REPUBLIC CABLE PRODUCTS INC.
4080 Paradise Rd. #15 Dept. RE-90

Z Las Vegas, NV 89109 I~

AC/DC VOLTAGE
AC/DC CURRENT
DIOD E TEST Stock No. $6995LO GIC TEST 990092
LED TEST GOOD/BAD
5 FREQ RANGES

5 CAPACITA NCE RANGES ."LOW BATTERY Warnin •
CO NTINUITY TEST/BUZ~ER ..' .
TRANSISTOR CHEC KER . .

20 MHZ FREQ COUNTER VISA
••0 KEL VIN Electronics MlC

~~: 7 Fairch ild Ave .• Plainview. NY 11803
(516) 349·7620 1(800) 645-9212

FAX (516) 349-7830

LASER lighting enter tainment systems and ac­
cessories. Create 3·dimensional laser light shows
w ith these professional secrets ! Electronic and me-.
chanical designs for all budgets! $20.00. MILLEN­
NIUM, 229 McAfee, Thousand Oaks, CA 91360.
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$7290 $6950

(1-3) ("- up)
#RC-290-147

I f

12" woofer made in the USA by Eminence.
Paper cone and dust cap with treated cloth
surround. 80 oz. magnet. 2-112" vented
voice coil. 8 ohm. 170W RMS, 235W max.
40·4.5KHz response.

12" CAST FRAME
WOOFER

o

$1695

$2750 $2480

{1'9) (10 -up)

$1850 $1690

(1-3) (" -up)

111\1' \1'-" 1.,1111',\
H ~ll\l, Wl i >!;\ \

\ f'\:H.Il{ \ \\ t!'It

#RC-500-021

Revised edition
of David Weems'
best selling book.
Learn to build low
cost speakers
that rival the high
priced models.

SPEAKER BUILDING
BOOK

The advantages of
both hard and soh
dome technologies.
8 ohm. Ferro fluid
cooled voice coil.
SPL=90 dB 1W/1M
SOW RMS, 70W
max. 4" round.
Polydax
#DTW100T125.

CALL TOLL FREE

1-800-338-0531

TITANIUM COMPOSITE
TWEETER

#RC-270-047

Medium
duty. 60W
RMS, 80W
max. 14 oz.
magnet.
Response:
25-2.5KHz.
fs=28Hz.

#RC-290-096

10" POLY WOOFER

$2880 $24.0

$5450 $4900

(1-3) (" -up )
#RC-290-190

200W RMS crossover designed
specifically for use with dual voice coil sub
woofers. 12 dB per octave roll-off at
1S0Hz.

SUBWOOFER XOVER

Dual voice coil. 40 oz. magnet. 6 ohm
imp. 100W RMS, 140W max. Response:
20-1.2KHz. Resonant frequency: 21Hz.
SPL=93 dB 1W/1M.

15" SUBWOOFER

• 15 day money back guarantee · $15.00 minimum order - We accept
Mastercard, Visa, Discover. and C.O_D. orders. • 24 hour shipping .
Shipping charge ". UPS chart rate + $1_00($3.00 minimum charge) •

~r~~r~l:~~~ aC~il ~grofhip~~;' e~~~~~~ 'o~r~~Je;sM:~~~~~~~~u~t~~~
Foreign customers please send $5.00 U.S. funds for catalog postage .

$2730 $2570
#RC-260-220

(1-3) (" -.up)

$530 $450 $39
'

(1-9) (10-79) (SO-up)

$195 $175 95c
(1-9) (10-59) (50 -up)

IrParts
l:XP'!1.§§.

#RC-280-210

#RC-27 1-020

Textile dome
midrange made by
Philips. 8 ohm.
SPL=90 dB 1W/1M.
30W RMS, 40W
max. Response:
550-5KHz.

#RC-270-010

2" DOME MIDRANGE

34 0 E. First St., Dayton, Ohio 45402
Local: 1·513·222-0173
FA X: 513-222-'644

Original piezo tweeter
made by Motorola.
SPL=94 dB 2.83V/l M.
Response: 4KHz­
27KHz. Handles ap­
proximately 50 watts.

SUPER HORN TWEETER

2-1/2" SANYO TWEETER
Paper cone with gold tone
dust cap. 8 oz. magnet.
8 ohm. 1/2" ferro fluid
voice coil. Power
handling: SOWRMS,
70W max. Frequency re­
sponse: 3K-20KHz.

CIRCLE 56 ON FREE INFORMATION CARD
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I

11.88% CREDIT CARDS. Why pay high interest? $2/min.
1-900·535-9800 X545.

TUBES - 2000 TYPES
DISCOUNT PRICES!

Early, hard-to-find, and modern tubes.
Also transformers, capacitors and

~. • parts for tube equipment. Send $2.00
,- - for 28 page wholesale catalog.

ANTIQUE ELECTRONIC SUPPLY
6221S. Maple St. . Tempe, AZ85238 . 602/820-5411

OF INTEREST TO ALL

Z-80 rnicropr ofessor trainer with manuals. ERNIE,
(619) 873-4693 . .

" MONEYMAKING DEVICE"! INCREASES mileage 27%,
reduces pollution 85%. 100% guaranteed, $2.00/min.
1·900·535-9800, Ext·544.

IT PAYSYOUR DRINKS? 900% profit possible with super
novelty. Sample $20.00 + $2.00 SH. Imorex(RE), Box
8300·103, Dallas, TX 75205.

WANTED

FREELOANS! VISA! Credit repair! Box 5408(RE), Corpus
Christ i, TX 78465.

BEST BY MAIL
Rates: Write National, Box 5, Sarasota, FL 34230

INVENTORS: We submit ideas to industry. Find out
what we can do for you. 1 (800) 288- IDEA.

INVENTIONS/ new produ ct s/ideas want ed : ca ll
TLCI for free inform ation 1 (800) 468-7200 24 hour s/
day - USA/C anad a.

EA SY work ! Excellent pay! Asse mble products at
home. Ca ll for information (504) 641-8003 Ext. 5192.

BYOlUJlLRING CABLE 1V liQUIPMiNT FroM M.D. n.bCl'RONICS TIfIi PURCHASIDt
At;;Rn,5 TO COMPLY WIlH AllSTATli ANDJ.1iI:ERAL LAWS RiiGARDING PiUVATIi
OWl'.'1iltSHIPOF CABUiTV bQUIPMIiT. n:YOU ARE lTho"SURE OF TIiliSE LAWS
cascx WITH YOUR LCX:AL 0FFI C1Al5.

EXCELLERAroar,
CABLE CO NVERTERS

WHEN QUALITY COUNTS

For Information Call

402-554-0417
To order or request a free catalog

1-800-624-1150

New Dynatrackf'" fine tuning providesunmatchedpicture quality
550 Mhz tuner provides 83 channel capacity
Sleep timer for automatic shut off wi thin 15-90 minut es
2/3 swi tchable HRC / IRC / Standard Switchable
2 Year warranty, Last channel recall, Favorite channel select, Scan
Double vented high efficiency transformer for cool performance

Stargate-2001 $99.00
~pMDJlt, Stargate-550XL $119.00 With Volume Control

:R ~~ Don't settle for anything less.

~ ~t.1ititk8NImsr-~T~ [0 » ) CEJ C.O.D.
~ ~ lS75 so. 72nd St.

Q'..r.~ < '!<,<S Omaha, NE 68114
7QWO-

Your best buys and warranties for
cable converters and descramblers
start with a FREE catalog from MD

New Auto Tri-Bi guaranteed no flashing $165.00
SB-3................ $99.00 ZENITH SUPER
TRIMODE. $109.00 SAAVL $199.00
HAMLIN......... $99.00 TOCOM $319.00
SCIENI1FIC- EAGLE $119.00
ATLANTA $119.00 COPY GUARD $59.95
OAK M35B.... $99.00 STARGATE2000 $88.00
ZENITH.......... $175.00
M.D. Electronics will match 01' beat any
advertised who lesale or retail price.

MAKE $$$! Becom e an Ame rican electronics deal­
er ! Profi t oppor tuni ties since 196 5. Call SCOTT
PRUETT, 1 (800) 872 -1373 .

ANTIQUE RADIO CLASSIFIED
Free Sample!~

Ant ique Radio 's a
Largest Circulation Month ly. ~0 0

Articles, Ads & Classifieds . 0

6·Month Tr ia l: $13 . 1-Yr: $24 ($36 -1st Class) .
A.R .C., P.O, Box 802·L6, Ca rl is le, MA 01741

INVENTORS

JERROLD-OAK-SCIENTIFIC ATLANTA-HAMLli
ZENITH MANY MORE CALL TODAYl

..J Only quality products sold ..J Easy to use
..JSatisfaction guaranteed .,J Knowledgeable sales staff

..J Most orders shipped within 24 hours

CALL FOR YOUR FREE CATALOG

R 1 -800-228-7404~
MAKE THE CONNECTION

WITH

INVENTORS ! Can you patent and profit from your
idea? Call AMERICAN INVENTORS CORPORA­
TION for free information . Over a decade of service
1 (800) 338-5656. In Canad a call (413) 568-3753.

................ PRESENTING ................

CABLE TV
DESCRAMBLERS

.................... STARRING ....................
.IERROLD, HAMUN, OAK

AND OTHER FAMOUS MANUFACTURERS

• FINESTWARRANTYPRO GRAM AVAILABLE
• LOWEST RETAIL!WHOLESALE PRICES IN u.s.
• ORDERSSHIPPED FROM STOCKW ITHIN 24 HRS .
• ALLMAJOR CREDIT CARDS ACCEPTED .

FOR FREE CATAlDG ONLY 1-800-345-8927
FOR AU. INFORMATION 1-818-709-9937

MAKE $75, 000 to $250,000 year ly or more fixing
IBM co lor monito rs (and most brands) . No invest­
ment. Sta rt doing it from your home. (A telephone
required .) Inform ation, USA, Ca nada $1.00 cash .
US funds . other countries $8. 00 RANDALL DiS­
PLAY, Box 2168-R , Van Nuys, CA 91404 USA.

LEARN to clea n/repair fax machin es. Huge new
market l Earn $85 /hour. No expe rience necessary.
Free de ta ils call 1 (800) 537 -0589 or write to:VIEJO
PUBLI CATION S 5329 Fount ain Ave., Dept. FX200 ,
Los Angeles, CA 90029.

LET the gove rnment finance your small business.
Grants/loans to $500,000. Free recorded message:
(707) 449·8600. (KS1).

VIDEO magic security surveillance system. Simple
installation, plug in and turn on. Ideal for small busi­
nesses , home sec urity, many uses. Exclusive deal­
ers hips offe red . VIDEO MAGIC, 151A Verdi St.,
Farmingdale, NY 11735.

PAY TV AND SATELLITE DESCRAMBLING
ALL NEW 1991 EDITION

BUSINESS OPPORTUNITIES

SCRAMBLING NEWS, 1552 Hertel Ave.,
BuflalD, NY, 14216. 716-874-2088

VIDEOCYPHERII descramb ling manual. Sche­
matics, video and aud io. Exp lain s DES , Eprom ,
Clonem aster, 3Mu sketeer, Pay-p er-view (HBO, Cin­
emax , Showtime, adult, etc .) $16.95, $2.00 postage.
Schem atics for Videocypher Plus, $20.00. Sche­
matics for Videocypher 032, $15.00. Coll ection of
softwa re to copy and alter Eprom codes , $25.00.
CABLETRONICS, Bo x 30502R, Bethesd a, MD
20824 .

TheverybestofthePay TVseries. Thevery latestin build-your-own, turn­
ons, bypasses. ECM's etc., forcablewireless andsatelliteincludingVCIl+
and B·MAC. Only $14.95. Volume1(basics)$14.95. 1989Edition$14.95.
BuildSatelliteSystemsUnder $600. $12.95Wireless GableHandbookS9.95.
Any31$29 or 51$42. ScramblingNews Monthly. Articles.Circuits,Sources.
News and more.$19.95/yr. Sample 53. Newcatalog51.COD's areOK.

MAKE $50/hr working evenings or weekends in
your ow n electroni cs busin ess. Send for free facts.
INDUSTRY, Box 531, Bron x, NY 10461-020 8.

y.oUR own radio station! AM, FM, TV, cable. li ­
ce nse d/unlic ense d. BROADCASTING, Bo x 130­
F2, Paradis e, CA 95967.

MAKE hot selling produ cts! 30 + plans $3.00, guar­
antee d. NRG, 11580 O kahurst Road , Larg o, FL
34644.

CABLE TV secrets - the outlaw pub licati on the
cable companies tried to ban. HBO , Movie Channel,
Showtime, descramblers , co nve rte rs, etc . Sup ­
pliers list includ ed. $9.95. CABLE FACTS, Box 711­
R, Pataskal a, OH 43062.

FREE catalog - Lowest prices worldwide, save 40
- 60%. Systems, upgrades , part s, all major brands
facto ry fre sh and warra ntied . SKYVISION, 2009
Colleq ewa y, Fergus Fall s , MN 565 37. 1 (800)
334-6455.
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CONSOLIDATED ELECTRONICS. INCORPORATED 705 WATERVLIET AVENUE DAYTON. OHIO 45420·2599
FAX: 1·(513 1·252-40661 TEL: 1-(513)-252·5662 1TELEX: 288-2291COMPUSERVE: 76057. 3347 1EASYlINK: 62850013

EDUCATION & INSTRUCTION
LEARNING electronics troubleshooti ng? Basi c
electro nics simulations and problems program can
help . PC/M SDOS $3 2.95 EES-RE2. POB 1391,
Lubb ock, TX 7940 8.

BIOMEDICAL lett er cove rs medical elec tro nics,
anatomy, equipment function, electri cal safety, trou­
bleshooting. PNP, Box 333 , Brooklyn, NY 11204.

SURFACE mount technology. Learn to build your
own SMT projects, concise tutorial by leading ex­
pert. Co mpo nent supplier listings. $24 .00 . CIS ,
1836 North Fifth Place, Port Hueneme, CA 93041.

FCC General Radiotelephone license! The easy
way with these short cuts, and latest Q & A mater ial.
Don 't study more than necessary! $25.00 postpaid .
SMI, Box 5500 , Lakeland , FL 33807.

CONSOUDIITED

1-800-543-3568

ELE CTRO NICS

Get two of the most valuable
elect ro nic catalogs ever! These
2 catalogs contain over 16,000
hard to find electronic parts &
equipment. VOL. I - features
112 pages of high qual ity test
equipment. VOL. II - features
144 pages of electrononic
parts, tools & cross references.
Send $5 check or money
order, or call today & use your
VISA or MasterCard.

• • EQUIPMENTVOLUME'· TESTr1loHlCS "TH£~
~...~ I'I' WVOSTI'lIAl Ufe

ALARM SYSTEMS

WEST COAST ELECTRONICS
For Information : 8 18 -709-1758

Catalogs & Orders : 800-628-9656

CABLE TV
DESCRAMBLER LIQUIDATION!

FREE CATALOGI
Hamlin Combos $44, Oak M358 $60 (min. 5), etc .

ALARMING! Over 22 features are packed into our
security board! Protect your house, car, or boat. Just
add switches, any spea ker, and a battery ! Special
$59 .95, including S&H! Check or M.a. CCT, POBox
1532, Allentown , PA 18105-1532.

THE PERSONAL PROGRAMMING NEWSLETTER

~ features how-to projects for beginners and
experts: fractals, moire patterns, ecological
simulations, black holes, send-piles,
wallpaper for the mind and much more!

~ Write today for a free sample issue to:
Algorithm· Special Order Deportment
P.O. Box29237, Westmount Postal Outlet
785Wonderland Rood South
London, Ontario, CANADA N6K 1M6

THE JOY OF PROGRAMMINGl

J\tgodfrlillmro

ZENITHS & TOCOMS

DISCOUNT computer books! Thou sands of titles
available. Including recent releases . Please call or
write for our latest free catalog . BOOKWARE, 344
Watertown Road, Thomast on . CT 06787 . 1 (800)
288-5662, (203) 283-6973.

COMPUTER BOOKS

SUPER Zenith (Z -TAC) co nverters (flashing)...
$169. 00 . Zenith " t u rn-on " module $49 .00 .
Tocom 5503(A) & 5504 converters $139.00 .
Tocom (add-on) descramblers... $79 .00. Tocom
(5503-VIP & 5507) "turn-on" chips ...$49.00. CIN­
EPLEX VIDEO GROUP. 1 (800) 726-4627.

S 6500
20.85

2620

35.00
3381
3800
4614
2724
3880

14500
75 00
3400

22500
2300

KIT ASSEMB.

SM 328

POWER TRANSFORMERS

METAL CABINETS WITH ALUMINUM PANEL

~--
~ rn- -~ -..

..._........ ~

MOOEL
TY·23B
TY·25
TY-35
TY·36
TY·38
TY·41MKV
TY·42
TY·43
TY·45
TY·47
SM·222
SM·328
SM·333
SM·666
SM·B88
10000un

MOOEL H'xw· x O' MATCHING PRICE
LG·1273 3' 12' 7' TA·2800. TA·377A. TA·2200 .. S22 85
LG·1684 4' 16' 8' TA·323A. TA·377A. TA·2200 27.50
LG·1924 4' 19' 11'h TA·802. TA·820A. TA·1500.TA120MK2. TA·800. TA·l000A 32.80
lG·1925 5' 19' 11'h TA·477. TA·800. TA·1500. TA·l0 00A. TA·3600 3580
lG·1983 2",19' 8' TA·377A..TA·2800. TA·2200. TA·120MK2 29 25

SM-666 m-eta fc abinet
• Free gift for any purchas e before April

17.20
18.71
42.80
2900
78.00
42.80
75.00
3493
8500

S69.50
2176
2176
23.65

KIT ASSEMB.

..... s

.. . .. 15.65
..15.65

....... .... ......... 16.75

OESCRIPTION
DIlJital Voice Memo ........•.. . .. ..... ........................• S30.00
Multi-PurposeMelody Generator . ,.. 1284
Multi-PurposeMelody senerarcr a . . . 13.65
35WClass"A' Main Power Mono Amp , ...... . 31.50
30W Multi-PurposeSingleChannelAmp. .. . 20.00
60W+ 60WStereo Power Amplifier (With Mic. mput) .
30W X2 StereoPre-main Amp. .... . 31.50
Hi-Quality FET StereoPre-Amp. . . 59.95
40W Solid StateMono Amp . . 28.00
120WMostet Power Mono Amp. . 6800
120W+ 120W low TimPre-Main StereoPower Amp ,.' ,63,92
80W+ 80W DCStereo Main PowerAmp ,.45,94 59,72
60W+ 60WDCl DC Pre-MainStereoAmp, , 40.39 4937
100W DynamicClass 'A"MamPowerMono Amp 59.69 80.58
100WX2 Class "A"DCStereo Pre-Main Amp , 73.70 95.81
FetSuperClass'A"DCPre-Amp. 47.70 5824
Electrcmc Echo & Reverberation Amp. * 96.00
HQPre-Ampwll0 band graphic equalizer * ._........ 6880
HI-FETICPre-Ampw{J waytonecontrol 48.90 63.57
Stereo Simulator(For MonoTVor Any MonoSource) ...... . 27.00 3850
300W HQ HI-F. Power MonoAmp . 85.00 110.00

0-15V2A Regulated DC Power Supply (W/Casej* ...
0-15V5A Regulated DC Power Supply .
0-30V3A RegulatedDC Power Supply .
0-50V3ARegulated DCPower Supply .

POWER SUPPLIES

MOOEL
TA·28MK2
TA·50A /B
TA·5OC
TA·120MK2
TA·300
SM·302
TA·323A
TA·377A
TA·400
TA·477
TA·BOOMK2
TA·B02
TA·B20A
TA·l 000A
TA·1500
TA·2200
TA·2400A
TA·2500
TA·2800
TA·3000
TA·3600

TR·l00A
TR·355A
TR·355B
TR·503

.,'" k , -c- ".1,';' c-eo: c.ra.-. t.lo· L·1 O'OC'S c,,,_·;: ~ .1"0 COD Q'dt!ls CO D le e ,5 55 00 M,nLmUm o-oe- ,5 $20 00 • We snIp DrUPS OIOuno .oao e USIm,n S3 00 1ana Sf',p by USmaLi Business & Show room hours : (Pacific Time)
c ..t-, o- vs P ' ·, l ~t· C.I.. CI ..' "'.1es dt'P. l' !"'t"'! '0' c-oco 0 ~1'" 2 os OIIOft:'911 Of(Jt~IS • Allas!>Cm~ro unllS ha ve a J Ooay s w,lflanly • OYal'ly or v orcroe c.scocet a va ,lable upon f€'QuI'SI • Res~nls Mon. thru Fn. 9:30 am to 5:00 pm
o' CA ;It·.I ,· .100 :"1 ""' 1,1' 6 :5 , • A · "C ' l " .l '·d , ~ t· ,Ire s"O,ec t to Pf,O' S,lil' P rc c s a te sul>jt.'C110 eh,lnge w.tnc ut O',Of oorce We a rc nOl euspcn sb'e 10f lyPOgrall'cal eftOfS Sat. 10:00 am to 5:00 pm

MARK V ELECTRONICS, INC. - 8019 E. Slauson Ave, Montebello, CA 90640~E3a

INSTRUMENTS KIT ASSEMB.

"III '

3lo'1 Multi-Functional led D.P.M. (w/ABSplastic easel _ S34.50
4~ Hi-PrecisionoP.M "''' . _ 38.00
4\1: HI-PrecisionD.P.M. (w/ABSplastic case)............••... .........•.. 41.20
31h Multi-Functional LCD O.M.P. {w/HoJd FunctIOn)...... .... ...... 36.00
150MCDigital FrequencyCounter........ ...79.00
1 GHz FrequencyCounter * ....

"· ; 11

"I

'III
'II

MODEL
001
002
003
004
005
006
007

OESCR IPTIO N
28Vx 2 6Ato 30Vx2 6A
36Vx2 3A
40Vx2 6A
24Vx2 6A
26Vx2 3A
18Vx2 5A
53Vx 28A

MATCH ING PRICE
TA·800. TA·802. TA·820A. TA· l000A. TA·1 500 S2700
TR·503. TA·323A. TA·400. TA·300 2200
TA·477 ." 2800
TA·120MK2 ....2200
TR·355B .... 16.00
TR·355A . 1550
TA·3600 . .. .. . .....43.00
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BeaTV/VCR
Repair Specialist

NOW youcantrain at homein spare time lor a money-making
career as a TVNCR Repair Specialist. No previous expen­

ence necessary. No need to quit your lob or school. Everything
is explained in easy-to-understand language vllthplenty 01 draw­
ings. diagramsand photos. We show you howto troubleshoot
andrepair video-cassette recorders andTVsets. howto handle
house callsandshop repairsfor almost anymake01television or
VCR. Tools are included with your course so you can get
" hands-on" practice as you follow your lessons step by step.
Send lor free facts aboutthe exciting opportunities In TVNCR
Repair and find out how you can start making money in this
greatcareer. MAIL COUPON TODAY '03C

r CS SCHiiiiLOF WNCR REPAiR;-DeP'i.ADEiiliS
I ",c"'oo 925 Oak Street, Scranton, PA 18515 I
I

Please send mefulhntorrnation andcolor brochureonhowI canI
learn TVNCR Repair at home in my spare time. I understand

I fhereis noobligation andnosalesman will visit me. I
Name Age__1

I Address Apt.#__
I City/State zip 1
L!.h~ L _ l ::J

MAGIC! Four illustrated lessons plu s insid e infor­
mation shows you how. We pro vid e almost 50 tri ck s
including equipme nt fo r four professional effec ts .
You ge t a binder to keep th e mat eri al s in, and a one­
year membersh ip in th e Intern ation al Perfor ming
Magi cian s w ith a plast ic membershi p card that has
you r nam e go ld-embossed. You get a one -year sub­
sc ription to o ur qu arterl y newslett er " IT's MAG IC !"
Ord er now ! $29.95 for each cou rse +$3.50 pos tage
and handlin g . {New York res iden ts add applicable
state and local sales tax}. THE MAGIC COURSE,
50 0- B BiC ou nty Boulevard, Fa rmi ng dal e , NY
11735.

EC.C . Commercial General Radiotelephone li­
cense. Electron ics home study. Fast, inex pensive !
" Free" details . COMMAND, D-176, Box 2824, San
Francisco, C A 94126.

LEARN IBM PC assembly language. 80 pro­
gra ms . Di sk $5 .00. Boo k $18 .00. ZIPFAST, Box
12238 , Lexin gt on, KY 40581-2238.

CONSUMER advocate. Help so urces, any prob lem .
SASE for descr ip t io n. HELP!, Bo x 132, Ind ian
Rocks, FL 34635.

ENTER THE WORLD OF PROFESSIONAL VID­
EO! Pro 's tell techniques and secrets of U-matic
VCR 's 32 pg . Ill us . Send $12 .9 5 to ANIBAL
NEGRON, 64 Mason Blvd., S.I. , NY 10309.

Copiesofarticles from this
publication are nowavailable from
the UMIArticle Clearinghouse.
'res: I would like to knowmore about UMIArticle
Clearinghouse. I am interested in electronic
ordering through the following systemtsl:

o DIALOG/Dialorder 0 ITT Dialcom
::JOnTyme ::JOCLe ILL Subsystem
o Other (pleasespecify) _
CJ I am interested in sending my order bymail.
Q Pleasesend me your current catalog and user instruc­

tionsfor thesystemls ) I checked above.

Name _

Title' _

Institution/Compen,' ~---_

Department, _

Address, _

Citv State Zip, _

Phone1__ )' _

,,'IiM'ITlUl 11JJ.\ rtid p
crean nghOlISe

!'-1ail to: UniversitvMicrofilms International
300North Zeeb Road. Box 91 Ann Arbor, ~II 48106

Try the

Eliii!:;mll,r;s®
bulletin board

system

(RE-BBS)
516-293-2283

The more you use it the more
useful it becomes.

We support 300 and 1200 baud
operation.

. Parameters: 8N1 (8 data bits, no
parity, 1 stop bit) or 7E1 (7 data
bits, even parity, 1 stop bit).

Add yourself to ouruser files to
increase your access.

Communicate with other R-E
readers.

Leave your comments on R-E with
the SYSOP.

RE-BBS
516-293-2283

UNICORN - YOUR I.C. SOURCE!
EPROMS

MK4027 .59 .56 .50 4464-100 4.79 4.55 4.10
4116-120 1.39 1.32 1.19 4464-120 4.19 3.98 3.58
4116-150 .99 .94 .85 4464-150 3.99 3.79 3.41
4116-200 .89 .85 .77 41256-60 4.79 4.55 4.10
4116-250 .59 .56 .50 41256-80 3.49 3.32 2.99
4164-100 2.59 2.46 2.21 412S6-1OO 2.99 2.84 2.58
4164-120 2.29 2.18 1.96 41256-120 2.69 2.58 2.30
4164-150 1.99 1.89 1.70 41256-150 2.99 2.18 1.96
4164-200 1.59 1.51 1.36 511000-70 12.99 12.34 11.11
4416-120 5.99 5.69 5.12 511000-80 11.99 11.39 10.25
4416-150 4.99 4.74 4.27 511000-100 10.99 10.44 9.40

STOCK # 1·24 25·99 100+ STOCK # 1·24 25-99 100+

1702 3.99 3.79 3.41 2764A 3.29 3.13 2.82
2708 6.49 6.17 5.55 TMS2564 6.79 6.45 5.81
2716 3.29 3.13 2.82 27C64 4.19 3.98 3.56
2716-1 3.79 3.60 3.24 27128-20 5.79 5.50 4.95
TMS2716 6.29 5.98 5.38 27128 5.09 4.84 4.35
27C16 3.99 3.79 3.41 27128A 5.79 5.50 4.95
2732 3.79 3.60 3.24 27C128 5.79 5.50 4.95
2732A-2 3.79 3.60 3.24 272S6-20 5.29 5.03 4.53
2732A 3.69 3.51 3.16 272S6 4.79 4.55 4.09
2732A-4 3.19 3.03 2.73 27C2S6 5.29 5.03 4.53
TMS2532 5.79 5.50 4.95 27512-20 7.49 7.12 6.41
TMS2532P 1.99 1.89 1.70 27512 6.99 6.64 5.98
27C32 4.19 3.98 3.58 27C512 6.99 6.64 5.98
2764-20 3.99 3.79 3.41 27Cl 024 17.99 17.09 15.38
2764 3.79 3.60 3.24 68764 13.99 13.29 11.96
2764A-20 3.99 3.79 3.41 68766 14.99 14.24 12.82

DYNAMIC RAMS

STOCK # 1-24 25-99 100+ STOCK # 1-24 25-99 100+

PRICE

$6.99
$6.99

PRICE

$49.99

10010 Canoga Ave., Unit B-8 • Chatsworth, CA 91311
OUTSID E CALIFORN IA : {800} 824-3432 {Orders Only}
IN CALIFORNIA: {818} 341-8833
ORDER BY FAX: {818} 998-7975

Minimum Order $15,00

DESC. PRICE

25 $1.99
100 $4.99

• Includes:
Cleaning swabs. head­
clean ing fluid , ant i-static
cleaner, screen wipes
and cleaning diskette.

STOCK # DESC.

581099 3'12' kit
581100 5'1. ' kit

STOCK #

581104
581107

STOCK #

L59200

• Individually wrapped
• Dispenser pack

• Output: 3 mW
• Current: 85-100 mA
• Operating Voltage: 2.3-3.0V
• Wavelength: 670nm

••• •
: ..

Calton

DISC DRIVE
& COMPUTER
CLEANING KIT

ANTI-STATIC
SCREEN WIPES

LASER DIODE
(VISIBLE-RED)

PRICE

$19.99

PRICE

$39.99

• Output: 4 mW (max.)
• Cu rrent: 20 rnA
• Operating Voltage: 2.2-3.0V
• Wavelength: 665nm

STOCK # PRICE

L53200 $119.99

STOCK #

L5022

• Output: 5 mW (max.)
• Current: 65-100 mA
• Operating Voltage: 1.75-2.2V
• Wavelength: 780nm

STOCK #

581052

• Output: 10 mW (max.)
• Current: 90-150 mA
• Operating Voltage: 2.2-2.5V
• Wavelength: 820nm

STOCK # PRICE

581053 $9.99

• Output: 2.5 mW (max.)
• Current: 90-150 mA
• Operating Voltage: 2.2-2.5V . ~Ii!'!.:O~'~

• Wavelength: 820nm
• Collimation: .18mrad (typ.)
• Size: 11mm diameter

Al\=
~=

1- JI VISA'

LASER DIODE
(VISIBLE-RED)

LASER DIODE
(INFRA-RED)

~=

COLLIMATOR PEN
(INFRA-RED)

LASER DIODE
(VISIBLE-RED)

c~
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BrandNEW ~automotive-type ~.>-$
solenoid (relay). 0 , 1(9
12Vdc, 4 ohm coil. <::>
SPST normally open .
Negative chassis ground .

Designed for switching very
heavy loads. 5116"copper screws

on switch terminals.
CAli SOL-32 $4.50 each

Phonemate# 104210
Base station for a cordless telephone,
this transceiver contains hundreds of
useful parts. Indudes power transformer ,
600 ohm phone coupling transformer,
crystals , heat sinks, voltage regulator ,
power cord, phone cord and jack, \
relay and 30" telescoping antenna. . \
The beige chassis box has only a few holes in the back panel and would be an
excellent housing for other projects . 7.25" X 5.87" X 2.15".
CAli PMB-1 $3.75 each SOLD AS-IS For PIITtS Only. No rMurns accepted.

Rubicon CE
210 Mfd 330 Volt
photoflash capadtor.
0.79" dia. X 1.1" high.
These are new capacitors that
have been prepped with 1.4" black
and red wire leads soldered to the
terminals. CAli PPC-210 $1.25 each

10for$11 .00 • 100 for $100.00
Large quantities available.

Call for pridng .

MAIL ORDERS TO: ALL ELECTRONICS CORP· P.O. BOX 567· VAN NUYS, CA 91408
to
to
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L.E.D. FLASHER KIT

This si""'e device cam be set to dick
from 20 to 1,000 beats per rri nute.
Easy to build, ind udes circuit board, all
components and instruct ions. Oper­
ates on a 9 volt battery (not Included).
CATII METRO $3.75 each

Learn about

stepp ing~.~ - .
motors wh ile ~~\ ,. '
building this
simple drcuit.
Includes circuh board, stepping motor
and all parts except 12 Vdc power
supply. CATII SMKll $lS.oo each

METRONOME KIT

~

Build this variable , " • , .. .. • ..
speed led chaser . ;, ~iR1U.R~
10ledsflash ~'(\ .,,;.. .
sequentially at
whalever speed
you set them for .
Easy to build kI1 includes pc board,
paris and Instructions . Ideal for special
lighting enects. costumes. etc. Oper­
ates on 3 to 9 vahs. PC board is 5" X
2.25" . A great one hour projecl.
CA Til AEC $6.50 each

STEPPING MOTOR
CONTROLLER KIT

Two L.E.D: s flash In 1

unisonwhena9vo~ ' ~,;...~
battery Is attached .
This kI1 includes a ~

p.c. board , alilhe parts
and instruc1ions to makea simple flash­
er circuit . A quick and easy projecl for
anyone with basic soldering skills .
CAlli LEOIOl $1.75 per kl

L.E.D, CHASER KIT

OPTO
SENSORS

Honeywe ll ;'i'lc'I
II HOA 0866 -N55 ~"!. 'j
U-shaped ooto I' \l
sensor . l /S" gap .4 pc leads .

CATIl OSU~ 75c each

TRWII OPB-S1S~
U-shaped
opto sw~ch . r'
O.Z' gap
between sensor and emitter.

CATIl OSU -9 75c each

TRWII OPB S22SD

Relleclive ~
scanner rrodule.
U-shaped device
with 4 leads each e'l.,
side (S total) 0.09" gap .
0.75" mount ing centers.

CATII OSU-10 75c each

TRWII OPB·7OS (4. C(:,
Wedge -shaped I [ 1\
reflective opto ~
sensor,
CATIl OSR-5 75c each

Standard JUMBO
DIffused T 1-314size (5 mm)

-==
RED CAlIILED-1

10 tor $1 .50 "lOOfo1$13.00

GREEN CATII LED-2
10 fo<$2.00" 100 for $17.00

YELLOW CATII LED-3
10 for $2 .00 " 100 for $17.00

FLASHING LED
WI bu ih in flash ing clrcuh
5 voh operation. T 1-314

(5mm) I=-::'

RED $1.00 each
CA TIl LED-4 10 for $9.50

GREEN $1.00 each
CATIl LED-4G 10 for $9.50

YELLOW $1.00 each
CATII LED-4Y 10 for $9.50

LED HOLDER

Two piece hold ... . :~ e
CA TIl HLED 10 for 65c

INFORMATION (818) 904·0524•

ONE MINUTE TIMER

RG-11/U VIDEO CABLE

INSTRUMENT ENCLOSURES L.E.D."5

This white box with
a blue button will
drive you crazy.
Box measu res 3 1/4"
square X Z' high.
When the button is peessed 4 LEOs light
and a beeper pulses . Every 15 seconds
one led goes out and the speed of the
beeping increases. At the end of 60 sec­
onds the unlt gives 011 a long beep followed
by a low squelch, all LEOs shut off and the
unit stops . Unh requires a 9 voh transisto<
battery (not induded) to operate .
CAT II TMR-1 $2.25 each " 10 for $20.00

Minimum Order $10.00' All Orders Can Be Charged To Visa, Mastercard
Or Discovercard • California, Add Sales Tax· Shipping And Handling $3.50
For the 48 Continental United States - All Others Including Alaska, Hawaii,
P.R. And Canada Must Pay Full Shipping' Quantities Limited· No C.O.D.•

Prices Subject to change without notice.

100ft. or 200 ft. rolis
of RG ll/U 75 ohm cable
terminated to heavy duty
F connectors. Includes
75 ohm terrrinator and 4.a:I=
F-61 splie..- on one end . New cables manu­
factured for IBM PC networks. IBM PiN
150190S COM/SCOPE.
CATII RG-11-1 100 ft. roll $15.00
CATII RG-11-2 200 ft. ro1l$27.5O

High qualhy moldedQ'~
ABS Instrument
enclosures. Integrated ~
PC board standoffs
and two sets of
vertiQa)mount ing slots for front and rear
sub panels. All enclosur es are 6" wide X
6 1/4" deep. Choice of thr.... hIS. Includes
non-s kid rubber feet and hardware .
Availab le in beige, ivory , black, andblue.
P-anlllht. CAn
2 1/." CAnMB-A $7.50.aen 101orS65.oo
251S" CAn MB-B $7.75.aen 10 lor $57.50
3' CAT. M~ $5.00 aaen 10 lor $70.00

Please spec~y color.

HEA VY DUTY "C"

RECHARGEABLE
BATTERIES

Experimentors Delight ATARI5200 Vidio Game

YUASA1800C
Nickel -cad heavy
duty "C" cell
1.2 von, 1800 mah
Price reduced on 10 or more.

CAlli HDNCB-C
10 for $42 .501100 for $375 .00

FAX (818) 781·2653
Call Or Write For Our
Free 60 Page Catalog

Outside the U.S.A. send $2.00
postage for a catalog,

SWITCHES

Alar i video game controll ...s relurned to the
dealer because of various delects .
None of them wo<k properly. but they
have lots of great parts . A RF video
rrodulalor,eight 16K dynamic RAMs
in socket s, rricroprocessors and D-A
converters in sockets , two va~age regulators on a heavy -duty heatsink and
lots of other ICs, capacitors. resistora , connectors and other component.
Does not indude the power transformer or controis (joysticks).

___- ..- ...............CATIl A-5200 $7.50 each" 2 for $13 .50 SOLDAS-IS Fo, Pa'" Only.

POWER SUPPLIES

5Vdc3AMP~."
ACDC Electronics ' 0
115N3-1 New, ~ ~~I
prepped power . •
supply w~h wires : :c1 .
and connecto<s soldered to the Inputs
and outputs. Open frame style . Regulat­
ed. 4.94" X 4.03" X Z' . UL and CSA
listed . CATII PS-53 $10.00 each

12Vdc5AMP
ACDC Electronics II 12N5 or equiv.
Input: 100-240 Vac (wired for 115 Vae)
Output : 12 Vdc @ 5 amps .
Open frame style . 7" X 4 314"X 3" high .
Regulated . CATIl PS-125 $37 .50 each

24 Vdc 2.4 AMP
Power-One Inc. IIHC-24-2.4

Input: 115r.'30 Vac (wired for 115 Vac)
Outpu t: 24 Vdc @ 2.4 amps. Opne

frame style. 5.6Z' X 4.S7" X 2.50" CSA
listed. CATII PS-2424 $30.00 each

THUMB WHEEL SWITCH
r'\ ~ ~ 6 Volt 1 Amp/Hour

pole 10 position r , '''. Il~: .~ '. . Japan Storage Battery Co.
ledmal enc?ded C fit Il :~.., I, I PortalacsPE6V1 _ r.:l
,wttches whICh "l.U ~ .., 6 Voh 1 Ah ~EfJ' .F--
nte/Ioc k to make rechargeable ' "")'
ip desired nurTt>eror digits . Terminates sealed
011 pc pins (1 common and 10 poles) . lead-acid (ge" cel~.

;ach section measures .31" wide X.2(1' Z' X 1.635" XZ' high.
ligh X .7S" deep. End plates can be add- Batteries are prepped with 5"
odto form a .94" high bezel . black and red leads term inal-

CATI SWTH-9 $1.25 each ad with 2 pin connector.
10 for $10.00 CATI GC-61 $4.75 each

2 END PLATES 10 for $42.50
CATt SW-9EC $1.OOISet

MINIATURE TOGGLE ~.~/Cke~IC;. d
Rated : 3 arrps@ 120 Vac ~37 ill ~

S.P.D.T.(ON-ON) P.c.mount, AAASIZE $1.5Oeach
:ATI MTS-4PC $1.00 each 1.2 volts 180 mAh
10 for $9 .00 - 100 for $80.00 CA TI NCB-AAA

S.P.D. T. (ON-ON) solder lugs M SIZE $2.00 each
:ATII MTS-4 $1.35 each 1.25 volts 500 mAh
10 for $12 .50- 100 for $110 .00 CATI NCB-AA

I). P.D.T. (ON-ON) sold ... lugs , M SIZE $2.20 each
:ATII MTS~ $1.75 each -' WITHSOLDERTABS

10 for $15.00 CATI NCB-SAA

rJ.P.D. T. (ON-ON) P.C. mount C SIZE $4.25 each
:ATII MTS~PC $2.00 each 1.2 volts 1200 mAh

10 fo< $17.5O CATIINCB-C

D SIZE $4.50 each
1.2 volts 1200 mAh

CATlNCB-D
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Freedom of Choice.

GoldStar 20MHz Oscilloscope Global Specialties Protcboarde Design Station

UVP EPROM Eraser.....
r·~ t r

• Erases all EPROM's • Erases 1 chip in
15 minutes and 8 chips in 21 min

• UV intensity: 6800 UW/CM2

A.R.T. EPROM Programmer

• Programs all current EPROMs in the 2716 to
27512 ra nge plus the X2864 EEPROM

• RS232 port · Soft war e included

PB503 $299.9!

Featu res:
• Ideal for analog, digital and microprocessor circuits
• Triple DC regulated power supplies, +5V. +15V. -15V
• 8 logic probe circuits
• Digital pulser
• Function generator with sine. square. and triangle waveforms
• Includes power supply. instrumentation and breadboarding

• Max Frequency 80MHz • Minimum detectable
pulse: 1ons • 120KU input impedance • Max.
supply voltage: ' 25V • TIL threshold: (Lo).0.8V
, 0. 1V (Hi) . 2.3v ' O.2V • CMOS threshold: (Lo)
30% VCC " 0% (Hi) 70%VCC , , 0%

• Compatible with TTL. DTL, RTL, HTL,
HNIL. MOS and CMOS ICs. • l Mn Sync
input impedance • Pulser mode output
current: 10mA • Square wave current
output: SmA · Audible tone

Features:
• 6" rectangul ar CRT display, internal gratitude & sca le
• Phase differe nce measu rements between two forms under two methods

x-y scope and Dual Trace
• Two different scale probes: x1 and x10
• Bandwidth from DC to 20MHz
• Includes: Two 40 MHz probes. two fuses. power cord, operation manual.

schematics and block and wiring diagram
• High sensitivity: 1mV/div
• Two-year manufacturer's warranty

GS7020 $499.95

Jameco Logic Pulser Jameco Logic Probe

:!G£9(3@L

LP540 ;$16.95 MS104 $24.95 EPP $199.95 DE4 $79.95

EPROMs - for your programming needs

Part No. Price Part No. Price Part No. Price
TMS2516 $4.95 2764-20 $4.95 27256-15 $5.9!
TMS2532 6.95 2764-25 4.75 27256-20 5.7!
TMS2532-35 7.49 2764-45 4.49 27256-25 5.2!
TMS2532A 7.95 2764A-20 4.25 27C256-15 6.9!
TMS2564 5.95 2764A-25 3.95 27C256-20 4.9!
TMS2716 5.95 27C64·15 4.49 27C256-25 4.4!
1702A 4.89 27C64-25 3.49 275120TP 5.9!
2708 6.95 271280TP 4.95 27512-20 7.9!
2716 3.49 27128-20 6.95 27512-25 6.9!
2716·1 3.95 27128-25 6.25 27C512-15 8.9!
27C16 4.25 27128A-15 6.95 27C512-20 6.9!
2732 4.95 27128A-20 5.95 27C512-25 6.4!
2732A-20 3.95 27128A-25 4.95 27C010-15 14.9!
2732A-25 3.75 27C128-15 5.95 27C010-20 13.9!
2732A-45 3.49 27C128-25 5.75 68764 14.9!
27C32 3.95 272560TP 4.95 68766-35 12.91

Soldering and Desoldering Stations

60 Watt Ana log Display Soldering Station • Electronic •tempe rature control from 200 0 to 878°F • Cart ridge heat-

'~ing element for a longer life of the soldering tip

XY1683.................................... ...................$69.95
/~ -

30 Watt Electronic Temperature Controlled Desoldering ../Stat ion • Electronic temperature control from 2120 to
842°F • Self contained high rotary vacuum pump XY999

..,

• 3.5 digit LCD with automatic polarity indication
• AC/DC voltage measurement up to 500 volts
• ACIOC current measurement up to 200mA
• Resistance measurement up to 20MU • Con­
tinuity checker with audible tone • Diode and
logic tester ' Auto/manual range and data hold
functions · All range protection and function in­
dication s

M4650 on ly : • Data hold switch , 4.5 digit

M3650 & M4650 on ly :
• Also measure frequency and capac itance

Metex Digital Multimeters .

Ge nera l Specs :
• Handheld. high
accuracy ' ACIDC
voltage. ACIDC
current, resistance,
diodes, continuity,
transistor hFE

• Manual ranging wI
overload protection

FAX: (415) 592-2503
(415) 595-2664 DMM905 $49.95 XY999 $299.95

• Par tial Listing • Over 4000 Electronic and Computer Components in Stock!
CIRCLE 114 ON FREE INFORMATION CARD

J AMECO
24 Hour Order Hotline

(415) 592-8097

PROTOTYPING PRODUCTS
Jameco Solderles s Breadboards

JE21

Part Dim. Contact Binding M361 0 3.5 DigIt Mult,meler............... ......$59.95
No. L" x W" Points Posts Price M3650 3.5 Digit Multlmeler w/Frequency &

Capacttance .............................$74.95
JE 21 3.25 x 2.125 400 $4 .95 M4650 4.5 Digit wiFrequency. Capacitance
JE 23 6.5 x 2.125 830 $6.95 andData HoldSwitch...... ............$99.95
JE 24 6.5 x 3.125 1.360 $12.95
JE 25 6.5 x 4.25 1,660 $17.95 Handheld Multimeter
J E26 6.875 x 5.75 2.390 $22.95
JE 27 7.25 x 7.5 3.220 $32.95
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24 Hours a Day.
JAMECO

CD
CD

'Tl
m
OJ
JJ
C»
JJ
-<

Please

refer to

Mail Key 2

when

ordering

• Tools

Data Sheets - 50c each

Fora FREE gO-Page catalog send S2.00 to cover
first Class Postage and Handling
© 1991 Jameco Electronics 2/91

CA Residents Add
6.25%, 6.75%or 7,25% Sales Tax

Shipping - Add 5% plus $1.50Insurance
(May vary acco rding to weight and shipping method)

Terms: Prices subject10 changewithout notice.
Items subjectto availabilityand prior sale.
Complete list of termszwarrantres is available upon request.
IBM ISa regIstered tradem ark of lntemanenat BUSiness Machines

$50 .00 Minimum Order

Let usshow you what we have tooffer;
call orwriteforthe latest Jameco catalog!

• Much, much more!

• Power Protection EqUipment

• Computer Accessories

' .Math Coprocessors

• Memory

• Mot herboards

• Data Books

Additional items that Jameco offers:

1355 Shoreway Road
Belmo n t, CA 94 002

• Con nectors

FAX: (415) 592-2503
(415) 595-2664

• Cab les

24 Hour Order Hotline
(415) 592-8097

• Wide selectio n of integrated
circu its and components

• Q uality prototype and test
equipment

• Comp uter kits a nd accessories

Look to Jameco.....

I v~1 1 iYI~j;I•. ..~
~~

Hard
Drives

• Max resolution:720 x 480
• Bandwidth:30MHz
• Input: DB15-pin (analog)

RE9513 $449.95

Jameco 16-bit VGA Card

Conner (16-bit IDE)
CP3044 40MB 35' LowProfile $469 .95
CP3184 80MB3.5·HH ".".$699.95
CP3104 100MB 3.5·HH""."" "" $799 .95

ADP20 Host Adapler $29.95

Relisys 14" VGA
Color Monitor

l
"" ~,, .

Jameco 16M Hz 80386SX
Desktop Computer Kit

Includes:
• 80386SX Motherboard with

2MB RAM (expandable to 8MB)
• 101-key enha nced keybo ard
• Multi I/O Card .
• Tosh iba 1.44MB, 3.5" DSHD

floppy disk drive
• Baby sized desktop case
• 200 Watt power supply
• DR DOS 5.0 by Digital

Research and Diagsoft's
QAP lus diagnostic software

Assemble Your own Computer Kit!

Jameco 16MHz 80386SX Desktop Computer Kit
• Building your own computer provides you wit h a better unders tanding of

compon ents and their functions
• In-depth assembly instructions included
• Have your new computer assembled and running in an eveni ng,

using common tools
• Software included
• Purchase computer kits configured by Jameco or desig n your own

• Supports VGA, EGA, CGA, MOA and
Hercule s modes • Comes with 256KB
video RAM upgradable to 512KB (eight
41464-80) • Capable 01 640 x 480 with
256 colors, 800 x 600 with 16 colors

VG2000..... .. .. .. . ....... .. ...$149.95

Integrated Circuits Miscellaneous Components
Part No. 1-9 10+ Part No. 1-9 10+ Pofenfiometers

74LSOO $.25 $.15 74LS154 $1.29 $1.19 Values available (insert ohms into space marked "XX"):

74 LS02 .25 .15 74LS155 .49 .39
500n, 1K, SK, 10K, 20K, SOK, 100K, 1MEG

43PXX 314 Watt,15 Turn .................... ........ $.99
74LS03 .25 .15 74LS 156 .49 .39 63PXX 112 Watt, 1Turn.; ..... .. .. .. .. .. ... .... .. .. .. .. .. .. ..... .. .$.89
74 LS04 .25 .15 74LS157 .45 .35

Tra,nsistors And Diodes
74LS05 .28 .18 74LS158 .39 .29

PN2222 ........ $.12 11N4735 ........$.25 12N4401 ...... $.15
74LS06 .59 .49 74LS166 .79 .69 PN2907 .... ...... .12 2N3904 ........ ...12 1N4148 .........07
74LS07 .59 .49 74 LS169 .99 .89 1N4004 .......... .10 1N751 .......... ...15 2N3055 .........69
74L S08 .28 .18 74LS173 .49 .39 2N2222A ........25 C106B1 ..........49 1N270 .......... .25

74 LS10 .25 .15 74LS175 .39 .29 Switches

74LS11 .29 .19 74LS181 1.39 1.29 JMT123 SPOT, On-On (Toggle) ............................ $1.25

74LS13 .35 .25 74LS189 3.95 3.85
206-8 SPST, 16-pin (OIP).................................. $1.09
MPC121 SPOT,On-0ff-Dn(Toggle)...... .... ........ .. .. ...... $1.19

74L S14 .49 .39 74LS190 .59 .49 MS102 SPST, Momentary (Push-Button) ................ .$.39
74LS20 .28 .18 74LS191 .59 .49 D-Sub Connectors and Hoods
74LS21 .29 .19 74LS193 .69 .59 DB25P Male, 25-pin....... $.65 1DB25H Hood .......... $.39
74LS27 .35 .25 74LS194 .69 .59 DB25S Female, zs- pln.. . $.75

74LS30 .28 .18 74LS221 .69 .59 LEDs

74LS32 .28 .18 74LS240 .59 .49 XC209R T1, (Red) ....... $.14 1XC556R T1 314, (Red) ... $.12

74LS38 .35 .25 74LS241 .59 .49 XC556GT1 314, (Green) ... 16 XC556Y T1314, (Yellow).. .16

74LS42 .49 .39 74LS323 2.49 2.25 IC Sockets
Low Profile Wire Wrap (Gold) Level 1/2

74LS47 .85 .75 74LS541 1.09 .99 8LP ......... ..................$.11 8WW ....... ....................$.49
74LS48 .85 .75 74LS590 5.95 5.75 14LP .......................... .12 14WW ...... ...................... 65
74LS112 .39 .29 74LS670 .89 .79 16LP .......................... .13 16WW ......................... .. .69

74LS122 .55 .45 74LS688 2.19 1.95 24LP .......................... .19 24WW ......................... 1.05
28LP ....................... ... .22 28WW ......................... 1.29

74LS123 .49 .39 81 LS95 .99 .89 40LP .......................... .28 40WW .......... ............ ... 1.79
74 LS125 .49 .39 81 LS97 .99 .89 Soldertail Standard& HeaderPlug Sockets Also Available

• Customer Serv ice ·Technical Assistance- Credit Department. All Other Inquiries· (415) 592-8097 • 7AM - 4PM P.S.T.
CIRCLE 114 ON FREE INFORMATION CARD 95
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LASERS AND SCIENTIFIC DEVICES
3mw Vis Red LaserDiode System Kit $159.50
l aserBeam"Bounce" ListenerKit $199.50
Visible Simulaled 3 Color Laser Ki!.. $44.50
40 WallBurning Culling Laser Plans $20.00
Hi Powered PulsedOrillingLaserPlans $20.00
lto 2mwHetle VisRed LaserGun Assembled $199.00
LaserLiteShow- 3 Methods Plans $20.00
See in the DarkKit $299.50
Electromagnetic CoilGun Ki!.. $69.50
Hi Velocity CoilGun Plans $15.00
Levitating OevicePlans $10.00
ElectronicHypnotismTechniquesPlans $10.00

HIGH VOLTAGE AND PLASMA DISPLAY DEVICES
75,000 VollOC Variable Output Lab SourceKit $149.50
IonRayGun Kit, projectenergywithout wires $69.50
12V/115 VAC Hi Out Neg IonGenerator Kit.. $34.50
Telekinetic Enhancer/ElectricManAssembled ........ .•.$99.50
Lightning DisplayGlobe Kit $54.50
Worlds SmallestTesla CoilKit. $49.50
250KVTable Top Tesla Coil Kit $249.50
1.5 MillionVollsTesla Coil Plans $20.00
Jacobs Ladder- 3 Models Plans $15.00
AntiGravity Generator Plans $10 .00
Plasma FireSaber Assembled $59.50
Dancing Plasmato Music andSoundsAssembled $79.50

HVM7K
IDG3K
NIG9K
EMA1K
LG5K
BTCIK
BTC3K
BTC5
JL3
GRAl
PFS20
DPl 20

VRL2K
LLlS1 K
LHC2K
LC7
RUB4
LGU40
LLSl
SD5K
EMLIK
MCPl
LEVl
EHl

. . . 42

. .. . ....... .. 86WPT Publications
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ADVERTISING SALES OFFICE

Gernsback Publications, Inc.
500·B Bi·County Blvd.
Farmingdale. NY 11735
1-(516) 293-3000
President: Larry Steckler
Vice President: Cathy Steckler

For Advertising ONLY
516-293-3000
Fax 1-516-293-3115
Larry Steckler

publisher
Arline Fishman

advert isi ng director
Denise Haven

adve rt is ing assistant
Christina Estrada

advertising associate
Kelly McQuade

cred it manager

Subscriber Customer Service
1-800-288-0652
Order Entry for New Subscribers
1-800-999-7139
7:00 AM - 6:00 PM M -F MST

SALES OFFICES

EAST/SOUTHEAST
Stanley Levitan, Eastern Sa les Manager
Radio-Electronics
259-23 57th Avenue
Little Neck, NY 11362
1-718 -428-6037. 1-516-29 3-3000
Fax 1-718-225-8594

MIDWESTITexas/Arkansas/Okla .
Ralph Bergen. M id west Sal es Manager
Radi o-E lectronics
540 Frontage Road-5uite 339
N orthfi e ld, IL 60093
1-708-44 6-1444
Fax 1-708-446-8451

PACIFIC COAST/ Mountain States
Marvin Green, Pacific Sal es Manag er
Radio-El ectronics
5430 Van Nuys Bl vd . Suite 316
Van Nuys, CA 91401
1-818 -986-2001
Fax 1-818-986-2009
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laroesl Horseshoe lure 'Ml have
e....er seen! Make a behemauth I

srotetofriQtten everyoll! onHal­
oween.onse dlnawecceua
disco strobe! Size: 2' tallx1-1/8"
wide. glass tubing dia. 5/16".
Opemles on :IDlOC ar<I can be
used 'Nith OCIr 4KV triooer trans­
lormer. (stockl 111700 10 lell).

G76 2 $7.00 EAOI

C6430

CDS CElL

~~O~Th~~.
hundreds 01 '~-? ~'
projects and
experiments.
These change t'

their resistance with
Iil)hlSd~erenllypes.

G764
5 for $2.00

INVERTER .a
TRANSFORMER ilII1S.,.14 lea:l liansformer
loruse with 5551C tocon'otl1
12VOC 10 2:IJoI for sIroill'
lIuorescerilut:es with schematic.

N1103 $2.00 EA.
1,000 fa' $ 1,500

4KV TRIGGER con.
use " h any slrolle~
IUOO lhalreedsa •
3 Iea:I 4KV oq,cr. ,'-

N17 00 $ 1.25 FA
100 lo< $80.00

* CIlIecIs All TW'Sof Radialion* Uses sensilive AVilaWiooow tubs __* ();Jerates Irarn go; Bal1ery (nol loci ) _ Q rt1 '"'"* Comes wilh PC Board, Parts, 0 "'""-~ 1]lJ

* S:~f~g:~:~'~ 19' 0@~~¢O CO. . = - =00 00

SECURITY AND PROTECTION DEVICES
ITM10 100,000Vollintimidator upto20' Assembled $129.50
IPG70 Invisible Pain Field BlastWave Gen Assembled $74.50
PSP4K PhasorSonic BlastWave Pistol Kit... : $S9.S0
L1sn o IntinityXmtr, Listen in Via Phone Assembled $199.50
TAnO Automatic Tel Recording Device Assembled $24.50
VWPM7K 3 Mi. FM Auto Te l TransmillerKit.. . .. ..$49.50
FMVI K 3 Mi. FM VoiceTransmiller Kit $39.50
HDDI K Homing!TrackingBeeper Transmill erKit $49.50

EAsY ORDERING PROCEDURE TOLLFREE 1-800·221 -1705
or24HRs ON 1-603-673-4730 orFAXITTO 1·603·672-5406

VisA, MC, CHECK, MO INUs FUNDs. INCLUDE 101'0 sHIPPING. OROERs
s100.00& UPONLY ADD $10.00.CATALOG $1.00OR FREE WITH ORDER .
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2210A
Full Range
Pocket
Size LED,
$239 .

8030
Bench Portable (Fits in an attach~
case) w ith ALL the Hcndl-Countert
Features p lus More, $579.

Range Signal
Low Display Display Strength Universal TCXO

Model High 8 Dlglf LED 10 DlglfLCD Bargraph Counter Option

8030 10Hz • • • ± . l pp m
2.4GHz add 5125.

3000 10Hz • • • ± .2ppm
2.4GHz add $ 80.

2600 1MHz • • • ± .2ppm
2.4GHz add $ 80.

2210A 10Hz • ± .5pp m
2.4GHz add $ 75.

1300H/A 1MHz • ± .5ppm
l.3 GHz add $ 75.

Sensltlvltv: <1 to <lOmV typ ical. NICad s & AC Charger/Adapter Included , Car ry
Case , Antennas and Probes extra. One year pa ris & labor wa rranty on all prod ucts .

1300H/A
Low Cost Ultra
Sensitive (HF,
UHF, VHF),
$179.



There'snothingnew#uthaW1geve~
,-youneedmoneplace. _ -, ~
•

WithCompuSetve, itsallatyour fmgertips.
live entertainment to interactive
space and fantasy adventures.

We've got airline schedules,
so you can check out the bargains
and book your own flights online.
We even have listings from over
35,000 hotels.

It's not hard to get here. To
get to CompuServe, all you need
is acomputer and amodem. We'll
send you everything else, includ­
ing a$25.00 Usage Credit. In most
places you'll be able to go online
with alocal phone call.

To buy aCompuServe Mem­
bership Kit, see your nearest
computer dealer. To receive our
informative brochure or to order
direct, call 800 848-8199.

CompuServe·

access to the latest
national and interna­

tional news. And our
special financial files
offer complete statistics

on over 10,000
NYSE,

En!....When you become amember of
CompuServe, you join avital,
active community of over 500,000
friends and neighbors from all over
the world.

Small-town friendly. We
keep in touch with electronic mail
and faxes, and by posting messages
on our bulletin boards.We even meet
in forums to discuss everything
from science fiction to sharing
software, and to get invaluable
personal computer software
and hardware support. And that's
one of the best things about small
towns: people helping people. AMEX, and OTC securities.

Big-city opportunities. But We can even trade online with
we can also shop coast-to-coast , our local discount brokers.
at hundreds of natior:l,aiifmbwn And, just for fun . . .We've"
stores, arid take advantage of-a.. also got games - everything from
world-class library. We have \ :;( . lkiyja to TV-style game shows with
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