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Introducing SCOPEMETER.
There'sMoreThan OneReason toReach for It.

FL.UKE .

• Completelysealedagainst water,
dustandcontaminants.
• EMI protected and measures

upto600volts rms.
o Rugged construction with

shock-resistant holster.
• three-yearwarramv
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Simply Easy.
• Intuitivetrent panel layout for
simple, straightforwardcceraucn.

o Pop-upmenus and five function
k!y5foreasy centro.

• ALJtoset automaticallysetsvoltallt.
timeand trigger rurcnens.

o Safety·d~signed BNCconnectors
andprobes simplify floating
measurements.
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o Runson lechargeableNicadsaneres.
Slandardc-eeas or theincluded line
voltageadaplerlbatlerycrercer.

o AdluSlabletill-standcomes inhandy
asahanger, IOC.

o Compatible wiUl awide range01
Flukemurumeteraccessories.

GoesWherever You Go.
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DoubleDuty.
• 50MHz digitalstorage scoee and

3QOl)-count digitalmultimeter in
oneheldheld packaQl!.
• PrecisionMinMax Record and

40 nsGlilchcapture make it easy
!OIroubleshootintermrtlent lailures.
• Simultaneous waveform anddIgital

display onabacklitSC~n you can
reael across the room.

In fact, there's eve/}' reason 10 reach forScopeMeter:- Because only ScopeMeler
combines tneexpertiseof Flukeand Philips10 bringyouadual-channel digilalscope
alongwitheverythingyou'vecome toexpect fromFluke digital mullimeters.
The result: anintegratedscope-and-multimetermatletsyouseeawaveformand
digital meter display at thesametimefromthe same input. Or switch between
dedicated high-performance Scopeand Meter functions wilh the lauchof a
key. That makes it fasterandeasier thanever to capture, slore andanalyze
preciselywhat you'relookingfor, At aprice that looks good,too.
Toget your handsonaScopeMeter, contact your Flukesales olficeor your nearest
Flukedistributor, Formoreproduct information, call 1·800·44·FlUKE.

SCOPEMETER. Nowthere'sonly one toreach for.
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ON THE COVER
Even though a dependable func

tion generator and frequency coun
ter a re invaluable pieces of test
equipment-ones tha t are a neces
sity on a professional test bench
th ey're often s imply beyond th e
means of the hobbyist. Until now.
that is . Ou r sweep/function gen er
ator and freque ncy counter produces
up to a 2.5 ·MHz square. triangle. or
sine -wave outp ut with a I· to 20 -voll
peek-to-peakemplttude. and it costs
just $300 to build. In addition. the
ins trument features a TTL or CMOS
0.5- to 15-volt peak output, and can
be used as a 150 MHz freq uency
counter. For all the details . turn to
page 35 .
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It allows unre st rict ed coverage of the BOO-MHz band.
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CIRCLE 189 ON FREE INFORMAnON CARO 3

Don't Wait ,
This Offer Can 't Last!

Reg . Price. $ 259

Universa l ,,.,,..,= ......""==='1
Hanoi

Counter'"
Model 3000,

$375. and
Bench Model
8030, $579.

Both oll er
frequency,

period, ratio
and time
interval.

FL (305)771-2050 • FAX (305)771 -2052

Call for free cataloq - Factory Direct Order Line:

1-800-327-5912

l eTli\ii\ate ~o~~ 'o\oW~ou aW~~e\ 2&lO.
'Ne',e ,&O\i\'& \u\\ ,ai\,&eM dd" II"US/<
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,um' • Full rang e -10Hz to 3GHz.

• LCD display (daylight visibility).
• True state-of-the-art technology with the

high speed ASIC.
• NiCads & Charger included.
• Ultra-high sens itivity. • 4 gate times.
• Extrud ed metal case . • Compatible with MFJ207.

Suggested options
TA100S : Telescoping Whip Antenna $ 12.

CC30 Vinyl Carry Case $ 14.

BL10: LED Backlighl. $ 15.

Bl28: EI Backlight for use in roomlighl and
low lighl. ............•.•.............•.....•..............$ 45.

BG28: Bargraph Signal l evel Indicalor $100.

TCXO 30: Precision t o.2ppm 20 to 40°C temp.
compensated time base $100.

--

5821 NE 14lh Ave. • Ft. l auderdale, Fl33334
5% ShiplHandling (Max. $10) U.S. & Canada.
15% outside continental U.S.A.
Visa and Master Card accepted.
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WHAT'S NEWS
A review of the latest happenings in etectronics.

.1

a unique. bulbous nose that provides
enough room for the installation of
senso rs and avionics sys tem s, in
cluding the radar and infrared imaging
sys tem that form the heart of the
MSSA's ability to detect and track
unusual activity on the ground or in
the air, night or day.

In addition to the radar (a version of
the one supplied by West inghouse
for the USAF's F·16 fighter) and the
infrared system (similar to that used
by the U.S. Coast Guard), the MSSA
has a high-tech operat ions console
and an advanced com municatio ns
sys tem that put the plane 's ca
pabilities at the fingertips of an on
board operator and link them to sup
port personnel in the air or on the
ground. The aircraft , which is intend
ed for use in drug interdiction. law
enforcement surveillance, border and
fisheries pa trol. airspa ce cont rol ,
etc .. was scheduled to be available by
the end of 1991. R-E

THE WESTlNGHOUSE MultI-System Sur
veillance Ai rcraft (MSSA). a specially
mod if ied light plane fitted with advanced
detection and Interd ict ion technolog ies,
is designed for taw-entc rcement and antI
narcoti c surveill ance missions.

constant of the porous volume. which
is then monitored by measuring the
capacitance of the device.

Law-enforcement ai r c raft
A light utility aircraft has been spe

ci ally modif ied by the B r iti sh
company Pilatus Britten Norman to
acco mmodate state-of-the-art sur
veillance and anti-narcotic detection
equipment manufactured by West 
inghouse Electronic Systems Group
(Baltimore, MOl. The modified plane.

Highly sensitive moisture known as the Mu lt i-Sen sor Sur-
se nsors veillance Aircraft . or MSSA, features

Researchers at Sandia National 1 _
Laboratories (Albuquerque. NM ) ...!.l0 1
have fabr icated f rom silico n ex - 1- ..- -=
tremely sensitive moisture sensors
capable of making accurate humidity
measurement inside IC·s.

Besides their excellent sensitivity

and qutck response lime, the sensors ' '::::=,~~~~~~::-~~~
offer several other advantages. in- I .
eluding consis tent performance at
temperatures higher than 100~C. But
their primary advantage lies in the
fact that because they are made of
Silicon- the same basic mater ial
used to manufacture IC's- the sen
sors can be made by manufactunnq
methods that are compatible with the
standard techniques used to make
IC·s. That "complete compatibility"
of equipment and procedures holds
the promise of the future manufac
ture of so-called " smart sensors"
that combine the sensor and micro
electron ic logiC elements on the IC
chip. That opens the door to such
applications as environmental control
in bUildingsby integrating a smart hu
midity sensor within healing. ventila
t ion . and air-cond iti oning (HVAC)
systems.

The capacitor-type sensors use a
material known as oxidized porous
silicon (OPS) as the moisture-ad
sorbing dielectric between the two
electrodes in the capacitor. When
water vapor contacts the sensor. it
permeates through the porous ....,,1·
ume between the electrodes. caus
ing a net change in the die lectric

landlines at 2400 bps. On cellular net
works . with an optional handset .
PCradio can be used as a telephone.
Two other PCradio models will also
be available: The model 001 is a basic
unit for conventional telephone corn
mumcattons: the model 003 is de
signed for cellular-based commornca
tions. includes a cellular modem. and
can also be used with standard tele
phone networks. As we go to press.
FCC approval has just been granted.

Wire le s s d ata c o m m un icat io n
for mobile workers

Incorpo rating M otorola's RPM 400i
radio packet modem. a notebook
s ize . ba ttery-operated co mputer
from IBM <VVhite Plains, NY)wiliallow
users to access and input information
to a mainframe computer from reo
mote locations. Service technicians.
for instance. could use the 9075
PCradio Model 002 to obtain tech
nical informatio n or order emergen cy
part s without leaving the job site. The
modem incorporates the smallest
and lightest data rad io currently avail
able . accord ing to Motorola. The
PCradio ope rates over the ARDIS
network , a partnership of IBM and
Motorola that was formed last year 10
provide nationwide wireless co mmu
nications to Fort une 1000 co mpa
nies. and the Mobidata network in
Canada. The unit uses an BOGIB6
microprocess or and operates at ei
ther 5 or 10 MHz. The model 002.
whose wireless modem operates at
up to 4BOO bps. can also be used with
telephone communicalions networks
(at 2400 bps). ?Cradio can send or
receive fax copies over cellular net
works at up to 9600 bps and over

INCORPORATING MOTOROLA 'S radio
packet modem, IBM'S PCradio can pro
vide a wireless li nk to larger IBM comput·
ers via radio or cellular-based communI·
cati ons-ideal fo r po lice officers check
Ing ncense-prate numbers. sales reps
requiri ng Immediate inlormation on prod
uct inventories, or service technicians cr
derlng emergency parts.

4
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VIDEO NEWS
What" new in the fast-changing video industry.

DAVID LACHENBRUCK

6

• " Flat" tu be s . The catch-phase
for next year's co lor TV sets will be
" flat lubes." Panesonic was the first
in this latest flat-tube W'iYVe. introduc
ing the " Superf tet" under it s pre
mium Pri sm brand na me . The
SuperRat scored a big success in
Japan under the name "Gao," which
means " king of pictures." The tube
has a computer-designed faceplate
which isn't really flat but has consider
ably less curvature than a conven
tional lube. In addition, the faceplate
is extremelydark . providing more
contrast, and new elec tronics supply
the power and focus to realize the
contrast without a loss of brightness
and de tail.

Not to be outdone, most othe r Jap 
anese companies are now preparing
their flatter lube versions. Sony will
field a " Super I nnitron" in the United
St ates in 1992, and Hitachi, M it·
subishi. and Toshiba are also flatten
ing out their faceplates inJapan. All of
this raises the questi on: What is
" fla t"? In a previou s qo-ro und.
Toshiba developed the " FST." which
originally stood for the " flat square
tube." However, the tube wasn't ei
ther flat o r square , so Toshiba
changed the phrase to " flatter squar
er tube," still preserving the acronym
" FST."

Thomson Consumer Elect ron ics,
whose European tube operation has
been selling a tube with a computer
designed faceplate-not quite flat.
but with a flat appearance-took a
poke at Paoasonic's Superflat at a
recent trade show with the slogan,
" Super Planar. world 's first super flat
tube-4 million sold to date ." Then
along came Zenith, which is develop
ing a tru ly flat-faced tube, the FTM
(for "flat tension mask") tube that
uses a piece of plate glass for a face.
Zenith filed a complaint with the Bet
ter Business Bureau's National Ad·
venlslnq Division urging it to stop
manufacturers from advertising "re
duced curvature" tubes as " flat. "
But. somehow. "SuperAeducedCur·
vature'' doesn't have that special ring

to it. How abou t going back to
"GaoT

• D igital sound for VHS. First
there was a longitudinal monophonic
audio track on VHS, then longitud inal
stereo, then hi-fi helical stereo. Now,
finally, digital stereo is here. In Japan,
JVC, Panasonic, Mitsubishi, Hitachi,
and Sharp have introduced Super
VHS recorders w ith digi tal audio
tracks. The digital sound will be evau
able only with S-VHS because the
layout of the st andard VHS sig nal
doesn't haveenough space for digital
audio. The digital·sound recorders,
having analog longitudinal and helical
tracks as well, are compatible with
previous recorders. The digital-audio
system can record two channels at
48-kHz sampling frequency, 16 bits,
or four channels at 32 kl-lz. 12 bits.
Principal use of the recorders in ja
pan will be the tape satellite broad
casts that have digital audio. There's
no word on whether the digital-sound
recorders w ill be exported .

• Public elec t r o n i cs show. The
latest advances in TV's. VCR's. cam
corders, and home multimedia prod
ucts will be on display to the public as
th e C onsumer Elec tro nics Show
(CES) in Chicago opens its doors to
actual " consumers" for the firs t time
in its 25-year history. It's expected to
att ract as many as 100,000 visitors
from the Chicago area and beyond. In
the past. CES has been for the trade
only, but this year's show. which will
I"Jn from May 28 through May 31. will
have two public days. May 28 and 29
will be trade-only days, as will the
moming of Saturday. May 30, but the
show win be open to all visi tors from
noon Saturday through 6 PM Sunday
at the McCormick Convention Cen
ter and the Hilton Hotel. The nominal
admission price wil l be $10. but it's
expected that dealers and exhibitors
will distribut e cut -rate tickets . The
show's sponsor is the Electronic In
dustries A ssociation's Consu mer
Electronics Group <EIAICEG>.

• Camcorder format war. The
Bmm format was the clear winner in
1991 in the battle of the camcorder
formats, with the VHS-C (compact>
and full-size VHS models trailing with
about equal shares. The EIA tallies
sales of "compact" VCR's and full
size VHS. The " compact" category
includes both Bmm and VHS·C. For
the six mon th s from April through
September 1991, compacts outsold
full-size units by 70% to 30 % (but for
the nine months through September.
lull-size models represented 33.2%
of the totall The EIA doesn't break
down compacts between VHS·C and
Bmm. but the U.S. Commerce De
partment keeps track of imports of
Bmm as a separate category, without
breaking down between VHS and
VHS-C model imports. In the latest
available figures, for 1991's first seven
months. 8mm constit uted 42% of im
ported camcorders. Applying these
figures to the EIA's data, this indi
cates that the ratio in 199 1 worked
out to roughly 40% Bmm and 30%
each VHS-C and fun-size VHS.

But don't count VHS-C out. The
VHS·C proponents, led by Panasonic
and JVC, are mounting a major cam
paign stressing compatibility of VHS
C wit h VHS home VCR decks by
mea ns of the VHS adap tor tha t
comes with all VHS·C camcorders
not to mention a forthcoming genera
tion of VC R's that can accept both
VHS and VHS-C cassettes without
adaptors.

The latest trends in camcorders in
clude " digital zoom." an electronic
extension of optical zoom to provide
as much as 100 :1 zoom ratio , at least
the oretically. At that magni fication,
however, so much detail is lost that
the pict ure isn't very viewable. Other
trends are color LCD viewfinders; in
terna l titles, inc luding pre-selec ted
on-screen messages such as " Birth
day Party," "Wedding," " Our Vaca
tion," etc.: and remote controls to
permit the user to operate the tripod
mounted camcorde r while he or she
is in the picture. R-E



48 HOUR EL ENe 0 & HITA CHI PRO Due T5 c:~ ;;;'L~~~EE
SHIPPING AT DIS C 0 UNT PRIC E5 1-800-292·7711

7

CALL

CALL

CAll.

True RMS f 1/2
Dlgil Mu lllm~et"

1,1.7000

$135
.0$" DC Accut..:y

.1" AtsiIl _
WlIII F*l. Cou~Of
IndM..eu.

FLUKE
MULTIMETERS
All Mooets AVClIIOtlIe
Fluke7o-tl_'"
Fluke 77·11_$145
Fluke 79 -11 $169
Fluke 87 $269
Col la SPSdaI price

We also have many accessories for
these rJldios and most heath radios.
Can lor details.

Mullimetel' wittI
Copoc:itone. '
Tronsl5tor Tflt et'

$55 CJl.1SO08
RNds V.h . 0Iwu
eur-c.~.

TfaIlSisl," Pol
lliooc!ft , ..... ca.

HITACHI COMPACT SERIES SCOPES
n. _ Il"I""'lU m&/l)' ... IunctIcIr-. IIUd'l as CRT
Rh:xU.Cu!'SCI'_(\I.,Dti"1~F..
~ Or. (\1,1015 ). S _ ~~

_ ...:I T~ l.DCi< .-.g • 6-ft:tl CAT.You aorI11MI
llW__ in tetma ol ...b,,*,oo_--.

V-660 - 60MHz. Dual Trace $1.149
V-66SA . 60MHz. DT. w/cursor _ _ $1,.345
V·l 060 · 100Miiz. Dual Trac, _ _ $1.395
V. I OGSA . lOOMHz, DT, w/curso r _ $1,649
V· I OBS · IOOMHZ, QT, "",' cursor __ $1.995
V· l100A - l00M,",:. Quad Tra ce _ _ 52 .195
V·1150 · 150MHZ. Ouad Trac lI __ $2,695

8 ogl " 0is9bY

AM /FM Transistor
Radio Kit

with Tro ining Course

SG-25Q

$79.95
- Kit $S9.95

Anest 11'I 111. II'IOUSlIY
10nidi S1UaypaI%8fTI$

RF 10 VIClIlI 0II\IlUI

•.'M, . -:.:.,"";, _ .
... , - ~ .
• • • ••

High Current Power Supply

... ,.... --. "
-.~ . ::.. •-. • ;,. _ • XP-800

$295..,.
VortIAno/,IN'S

FuIty ,,; IIlI It¢, IH 22I1AC e v.. 0
4OVAC il lOA cro-JOVDCill OA. F-Ay
vanatlIe , $h:)n c=rQlll pnr.ICfd.

[llIII] i

Dig ital Lell Me ier
lC-1801

$125........,
CoIIIl 11ff-2DOH
c.p. .1pl-2OOul

RoosO!-2IlM

SPECIA L BUY
V-212 - 20MHz Scope $425

Hitachi Portable SCopes
DC 10 SOMHz, 2-Chontlel, DC otfHIlunc·

tlon . AtIemote rnognif_ function

'0'·525 • CRT Rea dout. CurSOl' Mell. 5995
'0'-523 • Delayed Swee p $975
'0'-522 • Basic Model S875
V~22 - -4 0MHz $775
V-223' 20MHz delay ed swe ep _ _ see s
'0'·222 - 20MHz deluxe 5625

$58.95'.1pl-20.llOOJtIl
n. basic aeq ,

Z.' OlIII roI . ICase
iii; " llispIay

Digital Triple Power Suppy
XP-765

$269
G-2OV (Il lA
G-20V(li lA

SV, 5A
Fully~le<l. Shon cirCl.lil prolltCllCI
witrl 2 bmll control, 3 sepal'l' supplies

xp·no williAnalog Meten $195

P,OOn6I'$PW. 1riln9l" "l'IV' _
.~. ~.... 1HzI. n iH:

...... orF...~"1

:=="~"~.,Ion nenemer Color Convergence Generator__ Blo.

t ,-..:-.. 19500

~+~ $28.95

SG·9000 $129
RF F*l l 00f(..c !>OUHz...... II..: .....•

lion.t 1KHzVarilblo RF~
SG-HOO wl Olilltlll OI. pLty&
150 MHzbu lh-ln Counter $249

Digita l Capacitance Mei er
_ eM-1550B

~rI...!!iJ
XP·580

$59.95
HOY'2/<

12V.,A
5'1' ]A

-5'1e .SA

teem to Build ond Program
Compute rs with thi s Kit

lfIc:blos, .... Pili'. "" _ If ItId l _ w.....r
Model

1.11.1 ·8000

$129.00

Call fat spec ia l price

Quad Po wer Sup ply

B+K
TEST EQUIPM ENT
All Models Available

CIRCLE 1(19 ON FREE INFORMATION CARD

Hitachi RSO Series
(PO<'l.t>le R.n .·' "", O'\l~. 1 Storage Ot.alIoSCopfl)
VC-6023 · 20t,H..z, :<OMSIs $1,695
VC-602" • SOMH:.. 2OM$JS $1.995
Ve-6025 · SOlA Hz. 2011$1$ $2.195
Ve-6a.S · 100MHI , 40 1,1$115 52.99 5
VC-6' 4S · 100 1,1 1011. l 00 MS!s _ _ $.( ,495
RSO"I '"'"'~ -.... .... _ . -..,..g.~
..--,. .......,pw,g. lI'4' rpoIal>GII.~ __ _ nws. SQOPft ao;>,>raM.

"~--'_ol~•• "-""' ''_10
$UClI \lncto'tS • ~ ....... pIoM< iIIM<laQI _
.. a..!otm lr_* _ lr-. RS-232C~_ E"lOY II-.
comtoI1 01arWog arid lIIe _ .. foOll'Ul

~"""'Il<ftl<fl_ _ .~",,_c..

.............. D_I'ID~

1'lClMl _ .....~"....... _ . _ _
_...-~.l8M PC.

WEWILLNOTSE UNDERSOLDI C & S SALES INC~ 15 Day Money Back Guarantee
UPSShipping: 4Ii Slotes5~ • 2 Year Warranty p , ,, ~ s t> '0 C" - ~
t$3 Min $10 MOll) Shipping 1 2~ 5 RIIM·\\ lIod. Ikcrfield. II_ 60015 ' ... , . "
IL Res . 1 5~ TOll FAX 108-520·0085 IKOOI 2IJ2 ·77 11 171»U 5~ I·07 1 0 WRITE FOR FREE CATALOG

GF·8016 Functlon Gene rato r
wll h Fre ~. ceumer

$249
jt:::::~~j So.... SII.Ja.... T~PuIM. Ratnp,.2 1021.lHz

F.-qCCJuIllr. .l . 10Mtt:
ItrI.'EOlOPe_

GF-MIS wilhollf F' G<l . MeIer $179



. . . "
, .. . . ; . ': - .

I • • I '" h." ) "- .
'" " .~-_ ... " ,,,.

. ,

, 11 ~"p,,' .,

, .
••

•

.f YOIire serious
About a Future in

Electronics, Ensure that
Future with the Best
Educational D-aining

,., Available.



WHY CHOOSE CIE FOR YOUR TRAINING?
• 15 0,0 00 success fu l g rad uat es from every country aro und t he world ,

• O n ly elE rewards you for fast study. CIE o ffe rs an Associate Degree
program based on actual study time u sed . The faster you complete your
deg ree t he less your overall t u ition.

• seere-er-mc-ert laboratory equ ipment is yours to keep and it comes
assembled, ready fo r hands-on experimen ts.

• A pproved for educational ben efits under th e G.I , Bill for veterans and o the r
eligi ble persons.

• Upon gradua t io n. CIE o ffers f ree preparation to pas s the Certified
etoctrcnrcs Tech n ician Exam s.

I f you want to learn about elect ron
ics, and earn a good income w ith that
kn ow ledge t hen CIE Is your best
educational va lue .

CIE's reputat ion as th e w or ld
leader in hom e st udy elect ron ics is
based solely on th e success of our
grad uat es. A nd w e've earn ed th at
repu tation with an uncond i tiona l
com mi t ment to provide our students
w ith th e very best electronics
trainin g.

Just ask
any of t he
t so.coo-crcs
gradua tes o f
th e Clevela nd
In sti tu te o f
Elect ronics
who are
work ing in
high-paying
positions w it h
aerospace.
computer,
medi cal.
automotive
and commun i
cation firms
throughou t t he
world,

They 'll tcu you success didn 't
come easy...bu t, It d id come.... t han ks
to el E. And tOday, a career in elec
tronics o ffers more opportun ities and
great er rew ard s tha n ever befor e.

CIE's COMMITTED TO BEING
THE BEST....IN ONE
AREA..•.ELECTRONICS.
elE isn't anothe r be-everyttnnq-to
everybody school. We t each on ly one
subject and we be lieve we're the bes t
at what we do, A lso, el E is accred ited
by t he Nationa l Home Study Counc il .
And w ith more than a 1,000 gradu
ates each year, w e're the lar gest
hom e study school specia liz ing
exc lus ive ly in erecncmcs. CIE has
been t ra ini ng caree r·minded students
like yourself for n early 60 years and
we're the best at our SUbject .. . ..
El EaRONICS ..• BECAUSE ITS THE
ON LY SUBJEa W E TEACH!

CIE PROVIDES YOU WITH A
LEARNIN G METHOD SO
GOOD, Irs PATENTED.
el f's Auto-programmed lessons are a
proven learning method for building
va luab le elect ron ics career skills. Each
lesson is des igne d to take you step-by
step an d prtncspte-by-prmctpre . And
w h ile all elE lessons are designed for
independent stu dy, elf's instruct ors
are persona lly ava ilable to assist you

w it h j ust a ron
free ca ll, The
resul t is p ractical
train ing... t he
kind o f expert
ence you can put
to w ork in tocays
ma rketplace,

LEARN BY
DOING...WITH
STATE.QF
THE-ART
FACIlITIES
AND
EOUIPMENT.
In 1969, CIE

p ioneered th e first Electron ics Lab ora
tory course and in 1984, th e first
Mircoprocessor Laboratory course.
Today, n o o the r home study school
can match crss srare-ot-me-art equ ip
ment and train in g. And all your
laboratory equipme nt, books, and
lessons are inclUded in your tu ition.
Irs a ll yours to use w hile you study at
home and for on -the -jo b aner
graduation.

PERSONAUZED
TRAINING....TO MATCH YOUR
BACI(GROUND.
W hlle some of our studen ts have a
work ing know ledge o f electronics
o thers arc just starting ou t. rnars
w hy we've developed tw e jve career
courses and an A.AS. Degree program
to choose from. So, even if your n o t
sure w hich electro nics caree r is bes t
fo r you, ( IE can get you sta rted wi th

core lessons app lica b le to all areas o f
electron ics. And every CIE co urse you
take earns you cred it towards comple
tion o f your Associate in Applied
Science Degree. So you can work
tow ard your degree in stages or as
fast as y ou w ish . In fact, elE is t he
only school t hat actua lly rewards you
for fast study, Which can save you
thousands o f do llars,

SEND TO DA Y FOR YO UR CIE CO URSE
CATALOG AN D WE'l L SEND YOU A
FREE 24 PAGE CIE ElEa RONICS
SYMBOL HANDBOOKI

FINANCIAL AID AVAILABLE TO
Q UALI FIED INDIVIDUALS.

• ••••••••• • • • • •
• 0 YES! I want to get sta rt ed. •
• Send me my CIE school catalog includ· •
• in g de t ail s about the Assoc iate Deg ree •
• Program . (For your conven ience, CIE •

•
w ill have a representat ive contact you - •
there is no obligation .1

• AE34 •
• Name: •

• Addre-<;s: •• •• (ily: Stale: .

• •• Zip : Age: •

• PhoneNo, l _ _ ' •

• (heck boll for G,l, Bullel'n eenenu •
• 0 ve teran 0 ACllve Duly •

: 11I/:!E1I3 ~~."..~ :
• CLEVELAND {~} .
• INSTITUTE O F ~<"o.. . _ ... .

• ELECTRONICS •
•

1776 Ea sl l7 lh Sl roet ",,"""' ''' ,'''''''''''''' •
crevetano, Ohio 44 114 " d,,,, o' one

• (216) 781.9400 Si",c ' 934 •
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FIG. 1-TO TURN ON A LIGHT whenever the sound level In a room exceeds a preset
level, you can use one of Nallonal Semiconductor's LM3915's (see text).

LM391S outputs to drive a transisto r
as shown in Fig. 2, without having to
disconnect the LED. Even a small
Signal transistor such as a 2N2222 is
chunky enough to light a bright nine
volt bulb as shown. If you want a
larger bulb-something like an AC
line powered 100-walt bulb-use the
transistor's output to power a relay
whose contacts can handle the cur
rent required by the bulb, A relay with
contacts rated at two amps would
certainly be more than adequate.

COMMERCIAL UMITER
I've reached my limit as far as

television commercials are ccn
cerned since some of them are so
loud I'm afraid they're going to
de stroy th e speaker in my televi
s ion set. I've been looking for a
circuit that would detect a rise in
volume and reduce the level go·
Ing to the speaker. I found a c fr
cu lt called the " Co mm erc ia l
lapper" in an old issue of Radio·
Electronics (Feb " 1983), but i t
blanks out the audio and ali I want
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the potentiometer shown in the sche
matic to calibrate the LM 391S out
puts any way you want.

Even though I've shown the LED's
co nnected to the chip 's outputs ,
you'll probably want to use one of the
outputs to trigger the light you re
ferred to in your letter. I have no idea
how bright a light you want to use,but
it's a safe bet that you won't be able
to connect the bulb directly to any of
the outputs of the LM391 S. You just
won' t be able to get the drive current
you need.

You can, however, use any of the

A N Y
l.M3'1IS~-W>-+I~ .
OUTPu r IU

220ft

1tf1K£#2

A G. 2- TO DRIVE HEAVY currenl loads
with an L.M3915 output, you must add a
Iranslstor as shown here.

AUDIO LIGHT
I'd like to build a dev ice thatwlll

turn on a light If the decibel so und
leve l of a band exceeds a preset
level at a distance of 75 to 100
feet. I'd li ke the device to be ad
juslable between 60 and 120 decl
bel s, and when the sound hits the
preset level a light wi ll come on
and slay on unt il the sound drops
again. Do you have something
that can help me ?-C. Jones,
Broken Arrow, OK

Every time I go to a .....edding or
other large family affair I think about
building something like that. It seems
tha t I always wind up sitting right in
front of the band's speakers .

Seriously though. this isn't a diffi
cult thing to design but you can get
yourself terribly confused by thinking
about things like the distance in feel
or the sound level in decibels. What
you're really talking about is building
yourself an amp to drive a simple VU
meter that can be scaled for really
high sound levels, Calibrating it to
detect a particular sound level at a
particular distance should be just a
matter of tweaking a potentiometer.

The easiest way to put together a
circuit like this is to build it around one
o f N ational Semic ondu ctor 's
LM391 S's. That chip will take an ana
log signal, do all the voltage scaling
for you, and give you ten logarithmic
outputs that are just what you want
for a VU meter. While it 's a really
simple chip to use, I would suggest
very st rongly that you get a data
sheet for it before you start using it.

The circuit in Fig. 1is a good begin
C\I ning for the project you have in mind.
21 It will take four mike inputs, amplify
~ them, and use the outputs to drive an
~ LM391S set up as aVU meter. One of
-s the nice things about the LM391 S is
.oc~ thallt simply SWihtchingba°ne cdonnection
_ wi giveyoueit era r or ot output.
~ The schematic has the chip arranged
w for a dot output since you're inter
~ ested in having a light trigger from
... only one of the outputs. Vv'hen you

build the circuit, you can hang up to
12 four mikes around the room and use



to do Is reduce it. Do you have
anything that will help solve my
problem or at least point me in the
righ t direction?-O. Alford Jr., li
buse. LA

I'm fu lly aware of the problem
yoo'retalkmq ebout.l don 't k!"lO'Nhow
irs possible for people to fallasleep in
front of the TV any more since every
time I try it, the commercials keep
waking me up. Nothing is more an
noying than just being on the verge of
flaking out during some mindless pap
on the tube and being jol ted ewake by
some voice screaming out the virtues
of fourwheel drive. gourmet dog food
or the dtrt-eatinq power of an old de
tergent in a new box . Maybe we
should all slick to public television,
pledge drives and all.

The FCC sets stric t limits on the
audio level that can be sent over the
publicly owned <that includes you and
me) airwaves and, believe it or not ,
the people whose grand mission in
life is to say as litt le as they can in as
many words as possible always man
age to stay with in the FCC limits . I've
read studies about this and even did
some of my ownspot measurements
to verify it. I'm sorry to report that we
can't get them for a violation of the
FCC guidelines.

Most of the program audio on the
tube has a dynamic range that goes
from dead silence to the maximum
allowed. The people responsible for
the commercials you're complaining
about keep the audio levelup near the
top most of the time and, as far as
silence goes, hey. they're paying for
thirty seconds and unfortunately they
can do anything they want with that
time- however obnoxious it might
be.

The " Commerci al Zapper " you
saw in Radio-Electronics was de
Signed to put VCR's in pause during
commercials so you could automat
ically eliminate them while you were
taping black-and-white movtes. The
theory behind it was that the color
burst reference Signal would be ab
sent during the movie and present
only during the commercials. By de
tecting burst. you could tell when a
commercial was coming on and out
put a siqnal that would put your VCR
in pause.

Most broadcasters leave the burst
signal active all the time now, even
during black -end -white transmts -

sions . so the Commercial Zapper,
while great back then. wouldn't do a
lot for you now. And. since you want
to reduce only the level of the sound,
there are much better ways to get the
job done.

Before we start talking about sche
matics and circuits, there's one big
thing you should keep in mind. Modi
fying any of the stuff inside your TV,
evenjust the audio circuits. can be an
ext remely dangerous undertaking.
ONning a TV set is kind of like being
married-i t can give you a lot of plea
sure if you sit back and enjoy it but
you can be in for a lot of trouble if you
open it up and fool around with the
way it works. There are lots of haz
ardo us co mpo nents in a TV and
they're operating at voltages that can
kill you if you' re not careful abou t
what you're doing.

If you don't have a good deal of
elec t ronic experience under yo ur
belt. you should stop reading this
right now and switch most of your
viewing to public television. Be warn
ed about the hazards in involved.

In order to automatically cut the
levelof the audio from your TV when it
reaches a preset level. you're going
to haveto modify the audio circuitry in
the TV-or at least be able to identify
it so you can add to it. You shouldn't
do anything to your TV unless you
havethe paperwork and service man
uals so you can locate and identify
the circuitry that deals with the audio.

If you don't have or can't get the
paperwork but are still determined to
modify it , the safest places to get the
audio are either at the volume control
or Ihe speaker. Unplug the TV from
the wall and VERY CAREFULLY dis
charge the second anode and high
voltage capacitors to avoid a possible
shock hazard. Modem TV's use very
low leak components and they can
hold a charge for a long time.

The circuit you're looking for is an
audio limiter-one that will tum the
volume down for you whenever the
sound gels too loud. Since it's diffi
cult to modify the Tv's existing audio
Circuitry, the best way to do it is to run
the audio through a small add-on
board.lhere are lois of limiter circuits
but I've been using the limiter circuit
shown in Fig. 3 for several years in
several applications.

All the current that is drawn by the
continued on page 82

Home Automation
from Heath,
the catalog

that has it all...
Enter the worldof

Home Automation. Remote
lighting and appliancecontrols.
security alarmsand lighting.

Automatedthermostats.
Video monitoring systems.

Whole-housesecurity systems.
They're all yours in the Heath
Home Automation Catalog. To

receiveyourFREE copy.
call today 'oil-free.

l-8lJO.44-HEATH
(1·800 444 3284)

Healh Company
Markell ng Dept 020-130
Benton Harbor, MI 49022
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LETTERS
Wrile to Leiters, Radio-Electronics, 5OO-B Bi-County Blvd., Farmingdale, NY 11735

DIGITAL SINEWAVE GENERATOR
I enjoyed the article "Digital Sine

wave Synthesizer" by Sleven D.
Swift <Ra d io -Ele c t r o n ic s . Oc
tober 19911. About three years ago. I
designed an almost identical circ uit
for work . I needed a precisely con
trolled smeweve generator that pro
duced six speci f ic fr equenc ies.
Based on my ex perience. I have
some comme nts for the more ad
vanced and creative hobbyists who
are bUilding this project .

I have not loo ked at the contents of
the author 's EPROM. but Fig. 2·c on
page 44 led me to believe thai his
sine-lookup table conta ins the zero
crossmqvalues of 80 H at 00and 180"
on the waveform . Harmonic dist or
non can be slightly reduced if the ta
ble is offset slightly frorrrthese values
(by adding 0.5 degrees to the calcula
tion. for example). I can prove this
mathematically. but the reasoning
might be clearer if you think of the
zero crossing s as crossove r not ch
distort ion. The rate of change of am
plitude of the sinewave should be
maximum at the zero crossings. It
shou ld not dwell there. The the 
orelical limit of the THD is 0.7% <for
256 steps in an a-bit EPROM) if this
suggest ion is followed.

The author's circuit shows a dis
crete implementat io n that shou ld
work perfectly. Large programmable
logic devices. such as the EP1800
series . have architectu re s ideally
suited to the adders and registers
that form the heart of the circuit. That
is how I implemented my circ uit. If
only a few output frequencies are re-lii2! quned. a second programmable logiC

~ device or an array of gates can be
~ used to generate the '·A" inputs to
~ the adders . That reduces the flex
_~ ibility of the circuit. but also elimi
c; nates the hassle of looking up binary
~ codes.
iii If dual output s are required. two
Q circuits that are cloc ked by the same
~ clock generator can be constructed.

Those ou tputs can be locked to
14 gether in phase, or varied in phase if

an offs et generator is placed be 
tween the '·S" outputs and the sec
ond sine-lookup table EPROM. That
then makes po ssible 26 discrete
phases.

The author 's circuit has no adjust
ment for amplitude or phase. Those
can easily be added in one more op
amp stage. When I constructed my
circuit, I had to back off from 8 bits of
resolution at higher frequencies, That
caused no problems because higher
frequencies were nearer the corner
frequency of the low-pass filter, and,
there fore , ha rmonics cau sed by
larger steps were attenuated anyway
BRUCE CARTER
Port Orange, FL

AUDIO SWEEP/M ARK ER GENE R
ATOR UPDATE

Anyone build in g my " A udio
Sweep/Marker Generator" <Rad io 
Electronics , February and March
1991) might encounter a problem that
we cannot explain. It concerns ICI 1.
an a-input NAND gate . Two sources of
information on the pinout arrange
ment show that there is no internal
connection to pin 1. In the PC layout.
pin 1 is connected to pin 2 to make
the foil patte rn layout a little simpler.
That arrangement worked well with
my prototype. However, I am inde
bted to Mr. Gordon La Grange of
Baytown, TX, for pointing out that he
had to snip off pin 1 before he could
get a proper output from the NAND
gate. That outpu t is not shown prop
erty in Fig. 13-e on page 59 in the
March issue. The correct output is
properly described in the paragraph
almost directly below Fig. 13·k. If you
invert the pulses in Fig. 13-e and
make them no wider than a Single line
width, you'll have a correct pictu re.
JOHN WANNAMAKER

TRUE TESLA COIL?
In the article entitled " Solid-State

Teale Coi l" <Rad i o -El ec t r o n i c s ,
September 1991l, the circuit is de
scribed as an end-fed Testa coil.

I would like to point out that. in

actuality. this is not a true Testacoil. in
that Tesla dealt with separately tuned
circuits <the primary and the second 
ary). While it is true that Iesla did use
an end-fed resonator in his Colorado
Springs " Magnifying Transmitter," an
actual RF-coupled coil was used as
the signal generator.

The basic idea for an end-fed reso
nator was devised by a French inven
tor named Dr. Paul Oudln. who based
his work on the experiments of an
other Frenchman, D'Arsonval. D 'Ar
sonval's work centered around what
is known as the D'Arsonval Solenoid.
Its purpose was to create , via an in
duct ive/capacitive tank circuit. thera
peut iC RF currents to treat various
bod ily dysfunctions . Oudin reasoned
that high voltaqes could be produced
if one were to attach a second coil to
D'Arsonval's tank circuit.

If one examines Iesla's patents re
lated to his work in earty radio. it be
comes quite evident that the true
definition of the Tesla coil must in
clude separate circuits.

I would also like to comment on the
size of the secondary coil in the proj
ect. In the case of Iesla's Magn ifying
Transmitter, the extra <or free·reso
nann coil's inductance was actually
very low in comparison to the sec
ondary winding that was driving it.
The main problem is one of adjusting
the frequencies so that the resonant
coi l runs in the current- fed mode,
rather than becoming a Simple exten
sion of the driving primary. In the case
of the Radio-El ectronics project.
that would imply that the external
secondary winding could behave sim
ply as additional windings of the high
frequency ferrite transforme r. T2.

If any readers wish further clarifica
tion on this, I would suggest the man
uscript ent itled "Iesla Coi ls-An RF
Power Processing futonal for Engi
neers: ' by Kenneth & James Corum ,
Ph.D's. Ir s available from Corum &
Associates, 8551 State Route 534.
Winds or, OH 44099,
BRENT C . TURNER
Villa Park, CA
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now in our 4 1s1 year, is highly ex
perienced in "d istance educatio n"
leaching by correspondence- through
prim ed materials, computer materials,
fax , and phon e.

No commuting to class. Study at
your own pace, while continuing on
your present jo b. Lcuru fro m easy-to
understand but complete and thorough
lesson materials, with add itional help
from our inst ructors.

Ou r Computer B.S. Degree Pro
gram incl udes co urses in BASIC,
PASCAL and C languages - as well as
Assembly Language, MS DOS, CADD,
Robotics, and much more.

Our Electron ics B.S. Degree Pro
gram includes courses in Solid-Sta te
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Holtzman's reply. The entire ex
change brings to mind the old tale
about the blind man and the elephant:
it really is tough to discem the big
picture through all the fog. As one
who has programmed extensively for
BOXB6 PC 's, Amigas. and other com
puters . I have more comments than I
can fit in a reasonably sized letter. A
fe-vv will have to do.

First. on standardization: As Mr.
Holtzman pointed out, the desirable
part about standardization is that it
facilitates communication. There are
two flip sides. One is that many soft 
ware (as well as hardware) suppliers
don't want communication. Suppliers
of programs for CAD and music scor
ing are especially notorious-they
want you locked in tight. The second
is that standards are often ages out
of date-witness the NTSC televi
sion standard-to the point of stifling
innovation.

The niche machines are a paradox.
They owe their existence to the fact
that in one importan t sense they are
morestandardized than PC's. No two
PC's are alike, even in such funda
mentals as memory organization, vid
eo graphics layout , and interrupt
organization. A s we all know, that
causes no end of problems. Wit hin
the CPU itself. the instruct ion set is
an unstandardized chaos, having on
the order of a thousand individual
quirks. Even the largest. best-cap
italized organizations have been able
to cope with that. so that compiled
code tends to be a wretchedly sub
opt imal joke. The lessons of the old
mainframes have yet to be leamed.

The upshot is that things that aren't
done often enough to support multi
billion-dollar software companies are
often best done on niche machines,
especially if speed. large memory. or
a GUI is desired. or interrupts are
needed . Sure, a Lotus or a Microsoft
can handle the problems caused by
dozens of graphics drivers. dozens of
extended memory drivers, more than
500 printer drivers, dozens of slightly
different serial and parallel ports,hun
dreds of quirky BIOS variants. and
hundreds or maybe thousands of
hard-disk variants . The person who
write s a specialized program for filter
analysis and sells a fewhundred cop
ies probably can' t make it multi-com
patible , except by reso rti ng to
lowest-common-denominator user

TUBE AMPLIFIERS
REVISITED

At this late date. I would like to add
my two cents' worth to the ongoing
discussion on tube audio amplifiers. I
must first admit that I like tube ampli
fiers and have built several of them
myself.

I believe that correc tly designed
tube and solid-state amplifiers proba
bly do sound the same. as long asyou
don't drive either one into clipping.
However; to never drive an amplifier
into clipping at any point in its circuit
requires that sufficient voltage and
current be available from each stage,
so as to always meet the demands
made by the next device. In most
tube audio amps. everything up to the
final stage is run in Class A1. where
the tube is a pure transconductance
device, whereas a transistor requires
current.

Another advantage to tube amps is
the fact that they operate at low cur
rents and high voltages. It is much
easi er to make s uc h a supply
smoother and "stiffer." Modem high
end amplifiers and home-built ones
made by knowledgeable "audio ama
teurs" use very large values of filter
capacitance in their power supplies
to provide a high level of reserve input
voltage.

Finally. tube amps are simpler and
use fewer active devices. The classic
Dynaco uses one vol tage-amplifier
tube and one phase-inverter triode
both in one envelope as a 7199-to
drive its output tubes: the notorious
Carver Silver Seven uses essentially
the same basic circuit. A solid-state
amplifier comparable to the Dynaco.
using only discrete parts. would use
two dozen transisto rs.

So, while I must admit that there
are some great solid-state amplifiers,
I am going to stick with the tube ones.
The tubes are still available, the trans
formers can be found. and the elec
t rical power to run the heaters
doesn't cos t much. The added bene
fit to my horne-built tube gear is that I
had a lot of fun building it and spent
very litt le money.
CHArS L. DONALDSON
Blue Springs. MO

COMPUTER CLASHES CONTINUED
I really do think that Mr. Cheng's

comments in the April " Letters" col
umn went a bit far- and so did M r.
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interfaces and sticking by a 64 0K
memory model. Even then. irs never
really certain that the program that
runs on my PC will run on the PC next
door-and getting it to print property
on the system next door is well nigh
out of the question.

So. what will become of those 60
million PC·s. plus the Macs. Amigas.
Atana. and so on? Irs sad. but hu
manity has been dO'Nfl this road be
fore. and we find that horse carts .
though they were once as abundant
proportionally. simply aren' t permit
ted on the freeway. Those computers
aren't gOing to make it either. though
some, notably the DOS PC. may well
hang on for a long while aswindows in
some POSIX,OSI2·Windows-DOS·
Sparc,M ac·PC·Am iga machine of
the future. <After aIL if it were worth
the trouble. it wouldn't be all that hard
to simula te an Apple or Commodore
64 of seven years ago on a 486 PC.
hiqh-end Mac, or high-end Amiga
faster than real time .'"

And that raises what should be the
hott est issue of all. something far
more important Ihan ranting and rav-

in g over doo med PC 's ve rs us
do o med M ac s vers us doo m ed
Amigas. The issue is our own data.
which we must somehow get out of
that DOS window and onto that ma
chine of the future-to say nothing of
moving it from one application to an
other or to a supercompu ter. We
have allowed much of our data. en
tered laboriously and at tremendous
expense. to becom e embodied in
files that are formatted in obtuse. se
cret. and unstandardized ways,

It is high time that the software
manufacturers who pract ice this are
forced 10 change. They are in effect
thieves who have stolen from us what
is rightfully our property. II is time to
insist that all software that we buy
have the capability to disgorge our
data in full. including such things as
the coo rdinates of graphical objects .
in an open. pub lished -data-inter
change format. As a symbolic dis
couragement to theft and extortion
by software manufacturers. and to al
low third part ies to assist in retrieving
the stolen property without fear of
litiga tion. it is time to amend the

copynqht law 10 expliCitly permit re
verse engineering in any prog ram
that stores output but won't provide it
in an open format. irrespective of any
and all language to the contrary in the
licensing "agreement:'

We have been down this road be
fore. Compiler suppliers once swore
that royalty-f ree function libraries
would end the world . Much the same
was said of ANSI·standard C . and of
spreadsheet DIF files. and so on. Od
dly enough. the world is still here. So
to any manufacturer who feels this
proposal is unreasonable. I say this:
Maybe your problem is that your are
making money by holding your cus
tomers up for ransom, rather than by
providing a good product. If so, the
sooner you are out of business. the
better-preferably on terms that are
as punitive as possible to you, your
investors. and your bankers. You are
not indispensable . regardless of who
you think you are or how big you are.
There are hungry hordes waiting in
the wings to replace you.
PAUL SCHICK
Madison. VV1 R-E
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No other trainin
to troubleshoo

computers

Professional diagnostic
hardware and software
makes troubleshooting

fast and accurate

dramatically increase your com
puter's data storage ca paci ty
while giving you ligh tn ing
q uick da ta access. But th at' s
not all!

..... --=

LESSONS
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n~mil"r ...-jlh tilt . nd ' ....'i ' d
ro<

Your NRI training now includes
a remarkable diagnostic pack
age tha t allows you to quickly
locate and correct defects in
18~1 xr , AT 80286/80386, and

DIAGNOSn C HARDWARE
AND SOFTWARE
R.A.C-E.R plUllin di>jlIIO>tic
un! ~nd Q" i<: kTcch menu
<.In <'cn ", >fl<'''~''' ' both r"'m
l :ll rA'X, Ill,"e lOUlumh ·on
<"X p<"ri<"nec wil h today".
pOlk , ,.jon.l <.li.A' ''....lc ",01,

DIGITAL
LOOIC PROBE
Si"'plil1.... ~"..lrzinj; ,Jij;i ' i1
c it'<.ull <'IK"n 'i<m

SOFTWARE
n..in "' ith MS UOS.
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NEW!
386sxJ20 MHz

Mini Tower
Computer!

With NRl's exclusive: hands-on
training, yOll actua lly build and
keep th e powerful new West
Coast 3H6sx120 MH z mini tower
comp uter system.

You stan by assembling and
testing your cor npurer's tn t-key
"intelligent" keyboard, move on
to les t the circuitry of the main
logic board. install the power
supp ly and 1.2 meg high-density
floppy disk drive, then interface
your blgh-rcsotu uon mo nitor.

Wha t's more, you now go on
to install and tes t a powerfu l 40
meg IDE hard disk drive-c-today's
most-wanted comp uter perip h
eral- incl uded in your course to

Get inside the West Coast 386sx
computer system... and experience

all the power and speed of
today's computer technology!

No dou bt about i f: The bes t w ay to learn to service
computers is to actually bui ld a stale-of-th e-a"
compu te r from the keyb oard o n up. Only NRI, th e
leader in career-building at-ho me elec tro nics training
for more tha n 75 years, gives you that kind o f
pract ica l, real-world computer servici ng experience .

Indeed , no o the r training- in school, o n the job ,
a1ly wbere- shows yo u how to troubleshoot and
service computers like NRI.

Only NRI walks you through
the step-by-step assembly of
a powerful 386sx computer
system you train with and
keep-giving you the hands
on experience you need to
work with , troubleshoot, and
service today 's most widely
used computer systems. Only
NRI gives you everything you need to start
a rnoney-rnaklnq career , even a bus iness
of your own, in computer service.



shows you how
and service
likeNRI!

NEW! 386u 120 MHz
MINITOWER COMPUTER!
FCal" ..... .H -hilllll,W...¥ C:i'lJ, I
m<'!: RA.\1. (,-, " Ill l\l . I 2 rll<1l
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No experience necessary...
NRI builds it in
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NRI gives you the confidence and the know-how to
step into a full-time , mon ey-making career as an
ind ustry technician, even stall a com puter service
busin ess of your own!

Send today for NRl' s big , free catalog that describes
every aspect of NRI's innovative comp uter tra ining,
as well as ha nds-o n trai ning in Tv /video/ aud io
servici ng , telecomm unications , industria l el ec tron-
ics , and other high-growth, high-tech career fields,

If the coupon is missing , write to NRI School o f
Electronics, McGra w-Hili Contin uing Educat io n
Cente r. 440 1 Connecticut Avenue , NW, Wash ington,
DC 20008.

FREE catalog tells more. Send todayl

With NRI, you learn at you r own pace in yo ur own
home, No classroom pressures, no night sc hool, no
need to q uit yo ur presen t job until yo u're ready to
make your move. And all through o ut your tra ining ,
yo u have the full sup port of yo ur personal NRI
Instructor and the NRI technical staff, always ready
10 answer yo ur q uestions and give you help when-
ever you need it.
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,

lEW! 40 MEG HARD
ll$ K DRIVEl
'o u in,ullthi, ·' O l1le l: Ill]'
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compatible co mputers.
You 'll lise yo ur Ultra·X

Q uick'Fcch <.Iiagnostic software
to tcst th e system RA,\1 ami
suc h peripheral adapters as
parallel printer ports, se rial
comm un icat ions ports , video
adapters. and floppy and hard
d isk drives. You'll go on to usc
your R.r\.C.E.Jt diagnost ic card ,
also fro m Ultra-X, to identify
ind ividual defec tive ItA.\I chips,
locate interfac ing problems, and
pinpoint defec tive support chips .

Thi s Ingen ious diagno st ic
package is just nn e mort: wa y
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EOUIPMENT REPORTS
McGraw-Hili CD-ROM Science and Technical Reference Set

Everything you eve r
wanted to know

.. . on a disc.

CIRCLE 10 ON FREE INFORMATION CAR D

What would you say if we told
you that you could have
easy access to all of the

McGraw-Hifi Concise Ency clopedia
of Science and Technology and the
M cGrawHill Dict ionary of Scientific
and Technical Terms without having
to give up any room on your already
crowded bookshelf of reference and
da ta books? Thanks to the CD -ROM
format. all of that fits on a disc that
looks just like a standard audio CD.

The Concise Encyc lopedia. which
contains so me 7700 article s and
1700 photos and line drawings. is a
condensed version of McGraw·Hilrs
20-vo lume encyclopedia. It has been
one of our favorite des k references
for the past several years because of
its broad coverage of more than 75
major science and engineering disci ·
cnoes. Unfortunately, the book is a bit

t\l unwieldy-it has mo re than 2000
~ pages, is 3'h inches thick , and
~ weighs several pounds. The Diction
~ at)' of Scientific and Technical Terms
.!li is another impressive reference, with
,.; 117,000 terms and definitions.

_I Unlike a book , you need the right
if> computer equipment to read a CO
w ROM. First. of course, you need a
~ CD ·ROM drive with the Microsoft
a: CD·ROM extensions that allowDOS

to access it. (The extensions are sup
22 plied when you purchase a dnve.) You

also need an IBM AT or better PC
with 1megabyte of expanded memo
ry compatible with the UM (Lotus 
lntet-Mcrosotu specification, and a
minimum of 1megabyte of free space
on your hard disk drive. If you want to
view the graphics . you'll need a VGA
graphics card and monitor. If you want
to output text to a printer, you'll need
a LaserJet or compatible. A mouse is
supported, but not required.

As long as you have enough space
on your hard disk . you'll run into litt le
problem installing the so ftware. A
setup program on the CD·ROM cop
ies files onto your hard disk , and
mod if ie s you r CONFIG .SY S and
AUTOEXEC.BAT fifes .

U sing the database
Once the installa tion is finished,

yo u 're ready t o jump i nt o t he
database . The retrieval software , Dis
cover, is your interlace to the refer
ence set. There are several ways to
ge t to the in fo rmation you wan t :
graphic access, alphabetical access,
link-phrases/ terms , and complete
text search.

Graphic access is the way to go if
you don't know the precise term Or
phrase you want to find information
on. A colo r graphic, " Mirror of the
Cosmos" appears on the screen, reo
fleeting the major disciplines of the

encyclopedia. Youcould click on "Eo
qtneenoq ." for example, and then be
presented with another graphic-this
time it's a laboratory bench with note
books and textbooks sca ttered
around and on shelves, w ith titles
such as " Electrical Power." "Iele
communica tio ns ," "Physical Elec 
tron ics," and " Electronic Circuits ."
When you cl ick on one of those ,
you're brought to another, non-qraph
ic menu, which allows you to further
narrow your choice .

For alphabetic access, you display
the table of contents . But since all
7700 articles can't fit on the screen,
you haveto " expand" it alphabetically
to get to the choice you want.

Accessing a "link phrase" is, hem
ever; the best way to find information
if you kncm wha t you're looking for.
It's the fastest method, because it
works by finding the hypertext links in
each art icle and illustration.

The provrston of hypertext ca
pabilities is an important feature of
the reference set. The links allow you
to jump for one article to another as
you pass terms of interest. Any major
links are indicated on the screen in
colo r;You can navigate the data in the
reference via the " links" that tie the
data together. So if you were reading
an article on electroni c listening de·
vices, you might see links to ''Ampli·
hers" Or " Radio Transmitter."

It is also poss ible to do a word
search on the entire database, but
that inefficient searching takes an
awful long time.

We found the data base to be rete
tively easy to use, although we would
have preferred to have an on-disc tu
torial. After all , there 's certainly
enough room on the disc for a multi·
megabyte tutorial.

We think that the McGraw-Hili CD·
ROM Science and Technical Refer
ence Set is a very strong product.
Before you buy, however, consider
thai the paper versions are available
for a total of just over $200. The CD·
ROM, which has much lower produc 
tion costs, sells for $495. R.E



CA BL E TV CON VERTER S AND DE
SCRAMBLERS SB-3 $79.00 TRI·BI $95.00
ML D -$79 .0 0 M35B $69 .00 DRZ· D IC
$149.00. Special combos available. We ship
COD. Quantity crscoums. Call lor pricing on
otherproducls . Dealers wanled. FREE CATA
LOG. We stand behind our products where
ceers lall. One year warranty. ACE PROD
UCTS_ P.O. Box 582, Saco, ME 04072
1 (800) 234-0726.

CIRCLE 15 ON FREE INFORMATlON CARD

APPLIANCE REPAIR HANDBoOKS-13
vol umes by se rvice ex pe rt s; ea sy ' to 
understand diagrams. illustrations. For major
appliances (air conditioners. refrigerators,
washers, dryers, microwaves. ee.j. etec.
hou sewares, personal-care appliances .
eases of solid state, setting up ShOp. test
instruments. $2.65 to $5.90 each. Free
brochure. APPLIAN CE SERVICE, PO Box
789,lombard,IL 60148. 1-(312) 932-9550.

CIRCLE 84 ON FRE.E INFORMATION CARD

THE MODEL WTT-20 ISONLY THE SIZE OF
A DIME, yet transmits both sides or a tele
phone conversation to any FM radio with
cry slal c1anty.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!
COO add $4 . call Ol" send VISA, MC, MQ.
DECO INDUS TRIES. Box 607. Bedfo rd
Hll1s, NY 10507_(914) 232-3878.

CIRCLE 127 ON FREE INFORMATION CARD

CREATE INTEl U GENT PROJECTS WITH
THE VERSATI LE Z8 PROGRAMMABLE
MICROCOMPUTER. This powerf ul compul
er wasdesigned for flexibility and can be used
lor various electronic projects. 110 Intensive.
Up to20MHz operation. Download programs
or run EPROM code. Special hardware fea
tures included. Prices from $125.00. Battery
backed RAM. X-assembler,and other options
available. CAl l FOR FREE BROCHURE.
MJS DESIGNS, INC., 1438 W. Broadw ay
Rd., Sulle B185. Tempe , AZ 85282. (602)
966-8618.

..
.~FREE CATALOG! ELECTRONIC TOOLS & ....

TEST EQUIPMENT-Jensen's new Master _~
Catalog, available ne e. presents major brand ."
name electronics tools, tool kits, and test in- :0
struments. plus unique, herc-to-uoc products ~
lor assembly and repair and custom lield ser- T

vice kits available only from Jensen. Ail iully W
described and illustraled. Enjoy froe technical !l
support and rapid. post-paid de livery any- g
where in the Continenta l USA . JENSEN j,r
TOOLS, INC.. 7815 S. 46th St., Phoe nix . A2
85044. Ph one : 60 2-9 68- 6231; FA X
1-800-366-9662. 23
CIRCLE 115 ON FREE INFORMATION CARD

I I I I

FUNcnON GENERATORS WITH INTEL·
UGENT 100MHz FREQUENCY COUNTER.
Sine. SQuare, triangle. ramp, DC& Sync. TIL
outputs. Seven frequency ranges: 2Hz to
6MHz (FG-506), 2Hz to 13MHz (FG-513~ In
tell igent 100MHz freq uency counter wit h
period mode. Continuous , trigger.gate, clock.
sweep and external frequency modes. Un!
Logsweep. Adjustable duty cycle/symmetry.
Voll age eornrcuec freq uency func tions.
TCXO with 1ppmfyr. aging rate (optiona l).
FG-506 $695.00; FG-513 $1295.00. Call :
800 -664-9838 . AMERICAN RELIANCE
INC., 9952 E. Baldwin Pl., Et Monte, CA.
91731 .

CIRCLE 176 ON FREE tNFORMATION CARD

CIRClE 127 ON FREE INFORMATION CARD

5 MINUTE ASSEMBLY l MONE YBAC K
GUARANTEEl Attach the VT-75 chip to any
3V·12V battery and you neve the most power
ful mi nia ture tr ansm itte r you can buy
anywhere. Tiny law Enlorcement grade de
vice allows you to hear every sound--even
footsteps-over 1mile away on any FM radio
or wideband scanner. 8O-130MHZ. 100mW
out put! VT-75 microtransmil1er com plete
$49.95+$1.50 S & H. Visa. MC. MO. COD's
add $4.00. DECO INDUSTRIES, Box 607,
Bedford Hill s. NY 10507. 1-800-759-5553.

CALL NOW
AND

RESERVE
YOUR SPACE

• 6 x rate 5940.00 per each insertion.
• Fasl reader service cycle.
• Short lead lime fer me placement or

ads.
• We typeset and layoutihe ad at no

additional charge.

FAX: 516-293-3315

Call 516-293-3000 to reserve space. Ask
lor Arline Fishman. limited number 01
pages available. Mail malerials to:
mlni·ADS. RADI()..ElECTAQNICS, 500
B Bi-County Blvd .• Farmingdale. NY
11735.

CIRCLE 194 ON FREE INFORMATION CARD

COMPUTER CRACKING. INFORMAn ON
TRACKIN G. cutting edge aud iO/video sur
veillance, electronic trailing, night vision, sur
veill ance photogr aphy. inlell igence kits.
cellular, pager. fax intercep tion. recorders,
scrambling and sources . ALL NEW-BOOK
II HOW TO GET ANYTHING ON AN Y
BODY-Lee Lapin. -Really scary stull "
Charles Jaco. CNN. $38.50. ISECO, 2228 EI
Camino, No. 349-R. San Mal eo. CA 94103.



NEW PRODUCTS
Use the Free Information Card for more detaifs on these products.

sor; which produce s a force
exactly opposite to that
caused under acceleration .
The sensor therefore re
mains at rest at all times.
and the nonl inear mechan
ical properties of the silicon
struc ture can be effectively
ig no re d . S ig na l- c on 
dit ioning circuitry provides
excitatio n signals for the
sensor. then ampli fies and
linearizes the analog out·
put signal 10 0.25 to 4.74
volts .

The ADXL·50 acceler
ome te r costs $2 3.00
ooo·s) and $ 5.00 in euto
motive OEM quant ities.
Analog D evices . Lit er
ature Center. 70 Shawmut
Road, Canton . MA 0202 1.

is a vital feature in applica
tions such as air-bag sys
tems. The ADXL-50 mea
su res o nly 500 V- m x
625V-m. much smaller than
o ther types of mic ro 
machined sensors . Unlike
other accelerometers that
monitor the resis tance
change of st re s sed
ptezoresrstors to detect
acceleration . the ADXL-50
measures the changes in
capacitance. and is there·
fore insensitive to tempera'
ture changes.

The sensor operates in a
force/ba lance mode. Volt
age is applied to the sen-

LED read ou t prov id es
kHz / v-s. MHz/ms. gate.
and overflow indicators . A
detachable power cord . a
schematic. parts list, spare
fuses. and an instruction
manual are included. Op 
tional accessories include
an an tenna for conve
niently checking transmit
ter frequency and a 10;1/
direct probe.

The mod el 1856 multi
function counter has a sug
gested list price of $495.
B&K Precision . 64 70
West Cortland Street. Chi
cago. IL 60635; Phone :
312·889·1 448.

CIRCLE 16 ON FREE IN FO RMATIO N CARD

CIRCLE 17 O N FREE
IN FORMATIO N CARD

cuttry is act ivated by a
digital command and guar
antees operation of bot h
the sensor and associated
sig nal c ondit ion ing to
stated specifications . That

it easy to measure tone-en
codi ng functions used in
may types of communica
tions systems. In the total
ize mode. useful in count
ing the number of opera
tions performed byproduc
lion machines or in quality
contro l tests. pulses from 5
Hz to 10 MHz are counted
up to 99 .999 .999. Reset
and hold can be performed
using a switch . or using a
remote start/stop input.

Th e compac t model
18 5 6 m e a sure s
2.5 xQ .4 x 7.5 inches and
weig hs 3.3 pounds . It's
large. high-intensity. 8·digit

AC CELERATION SENSOR .
According to A nalog De
vices. their ADXL·50 is the
industry 's first surface-mi.
cromachined acceleration
sensor (accelerometer)
and the only one to offer
complete signal-con
dit ioning and self-test cir
cuitry on -chip. Designed
primarily for automotive ap
plications such as collision
detect ion. act ive suspen
sion. and anti-skid braking
systems. the device mea
sures acceleration in a sin
gle plane of sensitivity over
the : 50-g range to an ac
curacy of 5%. Self-test en-

MULTIFUNCTION COUNTIR.
Especially well-suited for
the com munications indus
try. B&K Precision s 1856
multifunction coun ter ca n
be used to make high ly
accurate and repeatable
measurements of rad io
transmitter frequency right
up to the microwaverange.
It exceeds the req uire
ments for adjusting trans
mitter frequency to FCC
standards. as required for
rad io s ta tions o r land
mobile. radio telephone re
ceivers. Because the 1856
extends to 1.3 GHz. it even
covers cellular channels.

The counter has a 50Hz
to 1.3·GHz bandwidth and
a TC XO (tempera tu re 
compensated crystal os
cillator) timebase with 0.5
ppm stability at 23 =5°C
and t -ppm stability from 0
to 50°C . The model 1856'5
funct ions include frequen
cy. period. period average.
and to talize. The penod
measurement functi on.
used for very low-trequen
cy measurements . makes

DMM ACCESSORIES. A new
line of modular test ac
cessories from Fieldpiece
is designed to solve such
on-site servicing problems
as not having the right test
lead for the job . alligator
clips that pop off of test
points. and too-short probe
tips. The solution is simple

'- -' but innovative: All the ac-
cessory co nnectors. in
cl udi ng the conne cti on
between the probe tip and
the probe handle. are stan
dard bananaplugs or jacks.
A female banana jack. built
into the " handle" of the de
luxe test lead. fits a sleeved
male banana plug. The line
includes a variety of probe
tips. alligator clips with pig.
tails. and a current clamp
head. all of which plug onto
the end of the deluxe test
lead. One test lead end can
be plugged into another to
double the length of the
test lead; with the addition
of an alligator cl ip. it's pos
sible to bui ld an 8-foot24
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ground lead that is unlike ly
to come apart. The ac
cessory kit. model ADKIO
includes a pai r (red and
black) of each of the follow
ing : 42-inch test leads .
small and large alligato r
clips . and short ('h -inch)
and long (3·inch) prob e
t ips, packed in a plast ic
00, .

The box has room for the
model ACH current clamp
head. which can be used
w ith Fieldp iece " Suck".
style DMM 's as we ll as any
multimeter with 1mVDC
resolu tion (mos t meters).

The small-head clamp fits
into light spaces and mea
sures curren t up to 300
amps. Also available is the
ALe, leather case. which
ho lds a DMM and ac
cessories. It has a belt loop
on the back and leather
loops on the front hold two
extra probe tips or the ACH
curren t c lamp head. The
leather case can accom
modate a "Stick." Auke 70
Series (without the boot).
or Beckman 220/150 Se
ries (without the tilt stand)
mult imeter. It is available
w ith the accessories and
current c lamp head as
model ALCKB.

The ADKI O accessory
ki t . AGH current cl amp
head. ALGI leather case.
and ALC8leather case with
accessorie s and current
clamp head cost $ 26.95.
$ 2 4 .9 5 . $24 .9 5 . and
$59 .95. respect ive ly.
F ieldp iec e Instru -

m en ts , l n e. . 8322B Ar
tesia Blvd.. Buena Park.
GA 9 062 1 : P h o n e :
714 -992 - 1239 ; Fa x :
714·992·1239.

UV- lI GHT- BLO CKI NG
EPROM LABEL. lA'hen used
on EPROM packages . a
Uv-opaque wnte-on label

..... ..
EPRCM's are
safe fro. W

with Ill' labels
, .

ClRaE 1'.:1 O N FREE
INfORM ATION CARD

from DATAK (Ca t# £p. f)
gives added ass urance
that the burned program
will not be accidenta ll y
erased by stray light from
fluorescent lamps or other
ultra-violet sources. The la
bel consists of a white poly
urethane layer for writ ing. a
black opaque-vinyl layer.
and a layer of pressure
sensi tive adhe sive. The
flex ible film construc t ion
conforms to EPROM pack
ages having raised win
dow s. The label can be
removed without leaving an
adhesive residue on the
EPROM package. Sized to
fit on top of a Zq-pin wide
DIp, the 1.1 x OAB·inch la
be l w ill accommodate
th ree li ne s of sta ndard
type . It can be wri tten on
with a typewriter. ball-point
pen. soft pencil, or any
platten feed co mputer
printer.

Cat# EP· l . containing

25

Fo r COLOR CATALOG M.1il Coupon o r

Ca ll TOlL FREE 1-80D-765-7247
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147 Uv-opaque EPROM la
bels on three sheets. costs
$ 4 .00 .- D A T A K Cor
po ra tion . 55 Free port
Blvd ., #23, Sparks, NV
8 94 31 ; P h o n e :
7 02 - 3 5 9 · 74 74 : Fa x :
702-359-7494_

SERIAL LINE MONITORI CIRCU 20 ON FREE
PROTOCOL ANALYZE R INFORMATION CARD

SOFTWARE. Data5 cope
Version 2.0 transforms a and simultaneous displays
PC into a passive or active can be active at the same
RS·232 dat a and signal- time. providing passive, in
line monitor that can elimi· te rac uve. and hi s tor ic
nate guesswork while deal- monitoring in any vser-se
ing with serial transrms- lected combinat ion . Dis
stone. The upgraded ver- play tiles can be combined
sion of Paladin Softwares to create larger windows.
program is still capable of and on of four presentation
collecting 8 megabytes of filte rs (mixed. alternat ing.
data and signal information COM1. or COM2 ) can be
with microse con d ttme- applied to every window.
stamp resolution. but has DataScope can operate at
been enhanced with tiled all possible rate s up to
co nc urrent window dis- 115.200 baud. while match
plays and a pull-down menu ing user-specified trigger
interlace. Up to four unique st r ings aga ins t inco ming

data. It offers full archive
parameter co nt rol com 
bined wi th pre-, ce nte r-.
and post · tri gger position
ing. Charac ter translation
sets can be replaced or al
tered by the user 10 modify
the translation strings and/
or att r ibu tes fo r each
source separately. Version
2.0 runs on all lBM·PC
compatible machines with
M S -D O S 2 .1 or above.
256K of availab le RAM .
and at least one serial port.

DataScope Version 2.0,
wit h connector shells, ca
bles, and a comprehensive
man ual, costs 5 249.
P a l a d in Software.
Inc. . 3945 Kenosha Ave·
nue. San Dieqo. CA92117 :
Phone: 619-490·0368 .

CEBUS ·N ETWDRK DE ·
VELOPM ENT PRODUCTS_
An integ rated ci rcuit, a
modem subsystem. and an
evaluation sys tem fr om

Intel/on Corporation will
enable manufacturers and
appli cati on developers to
imp lement carrier senseI
multiple access (CSMA)
netwo rks over standard
AC electrical w iring. The
products are based on In
telloo's patented " Spread
Spectru m Carrier " tech
nology, which is being con
sidered by the Elect ronic
Indus tries Associa tion as
the power-line sig nall ing
standard for its Consumer
Elec tronics Bus {CEBusl.
The CEBus power li ne
standard offers more than
100 limes the speed of the
power line Signalling meth
od most widely used today.
and will enable communi
cation and control among
elec t rical devices . sen
sors , and con trol systems
in homes and commercial
bUildings.

The Sp read Spectrum
Power L ine M odem

YODEL TUNESTOCHANNEL PRIC SHIPPING
23H 2 01'3 or 6 ~1!f ha'n $30 NO
<OF" 4. 5. 016 or FM ""m $30 SH""ING
713 7. 6.9, 10. 11. 12. or 13 $30 00
1411 , A.1 8 . 1 C.0I 11 0 $30 C.O.D.
' 622 ., F. G 21H .or , $30 CHARGES

3 for $75 -10 for $200 - Mix or Match
30 DAY MONEY BACK GUARANTEE (3 FILTER LiMIT)

FAST DELIVERY
CALL TOLLFREEFORC.O.D.ORSENDCHECK TO ORDER

STAI< CII<CUlTS
P.O. BOX 94917

LAS VEGAS, NY 89193

1·800·535·7827

CABLE - TV
TUNABLE

/IlI/()TCt1 nLT~I<S
• FOR ELiMINATlON OF SEVERE INTERFERENCE
• FOR 'CENSORING~OF ADULT BROADCASTS

. 45 dB
AT Cl:NTER FREOUENCY

• 5 dB
AT 2 M-iZFR:>M Cl:NTER

· 2 dB
INSERTIONLOSS

RITE" ,~lH_l....... COUAT'IIl $MQIII(. _ 'fCO'IC"""
OFF ", _ ..l-SIU

.. .. .... l~.....l-U6IIIII

WE DARE YOU TOCOMPARE!

PDSHBmON
TECHNOLOGY
AT PRICES THAT 1>
WON'T PUSH
YOU OVER
THE EDGE

Call Today For More Infonn alion
Manur"clurers Rep s Wan ted

• Environmentally Engineered
Formulations

• Chemicals For All Your
Repair/Production Needs

• Quality Products Since 1965

CIRCLE 195 ON FREE INfORMAnON CARD
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Spect rum Ca rrie r tech 
nology and to implement a
de mon strat ion C EBu s
CSMA network that com
municates over AC power
Wiring. which can be used
to model and analyze net
work c harac teris tics by
creating and running vari
ou s t refft c -lo adtnq see 
ner to s. The sys te m in
c1udes software that runs
on any IBM or compatible
PC and three complete
CEBus network nodes. It

Beautiful comes in fou r
popular sizes that fit most
LCD small-c haracter dis 
plays. Available in co lors
(red. yellow. and blue> as
well as black and white .
Bezel Beeunlul is molded in
UL-listed. machinable. en
gineering ·grade pla sti c .
Molded with a slightly con
cave. outward curve from
mounting edge to mount 
ing edge, the bezel auto
mat ically adjusts itse lf to
align without any gaps or
spaces against any panel.
Once mounted. it will reo
main flat on the face of the
prod uct to which it has
been bonded for the life of
the unit. It can be attached
using the heat-seal meth
od, sheet-metal screws. or
a glue gun . The bezels
come in four sizes. with
measurements in inches
for the v iewing area of
l X 2 . 5 . 0 . 7 X 1. 8 .
0.7 x 2.5. and 0.7 x 3.5.

CIRCLE 22 ON FREE
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features an electronic mail
system to demonstra te the
net w ork a nd i t s ca 
pabilities.

The evaluat ion system
cos ts $3 .495: the SSPM
chip and the modem board
(pictured> cost less than $5
plus a one-time. $2500 li
cense fee in OEM quan
tities and $105 in quantities
of ten . respecuvely-c-l n
telloR Corporation .
5150 Wes t Highway 40 .
Ocala. FL 326 75: Phone;
9 14 ·23 7 - 7 4 16 : Fax ;
914·237- 7616.

BEZEL SELECTION. De
signed for use in the elec
tronics industry as a frame
for LCD displays. Ill's Bezel

Add=
City _

~-------------------,I NO COMPLICATED ELECTRONICS,NO EXPENSIVE INSTRUMENTS: I
I Home study course shows you how I
I to make good money in VCR repair. I
I An amazing fact : you can I
I do more than four out of five I

VCR repai rs with ordinary I
tools and basic fix-it proce-
dures. Our home study pro - I
gram shows you how.

Learn all o f the systems, I
mechanisms. and parts of I
almos t all brands of VCRs.
With no expensive Instru- I
ments .No complicated elec - I
tronies.No fancy workshop. I I
The step-by-step texts and '
close personal attention from your ins tructor make learning easy. I

I
Texts . course mater ials, and tool kit are sent to your

.. ho me. Graduate ready to make up to 550.00 or more I ~

,,' •.; S~~dtn;d~yWi~~y~t~re i~~~t~i;~S~nt H
booklet. Or call 800·223·4542 I ~

I ~
I ~

The SChO~rOf VCR zRepair I ~.
2245 Perim eter Park. Dept.VA342 .Atl anta. Georgia 30341 IL ~27

(SSPMJ. built around the
SSPM IC. is said by lntel
Ion 10 be the firs t mte 
grated circuit to implement
the EIA's proposed CEBus
power line phys ical layer
standard. The 28·p in chip
operates at the CEBus
standard rate of 10.000 " 1"
bits per second. It gener
ates and receives all the re
quired Signalling informa 
tion. handles the CEBus
physical layer protocol, and
assists the higher-layer
protocol s . The modem
board . wh ich can be at
tached to a power supply
and a host microprocessor
that supports CEBus pro
tocol s. helps spee d ap
plicat ion development by
freeing engineers from de
veloping and tes ting the
power line network hard 
ware .

The evaluation system
allows developers to evalu
ate CEBus and Spread

•
~~] CHRISTMRS
~5ALE!
~ Save on cable rental fees! e
..CABLE TV~
JDESCRAMBLERS ~
$ WE'LL BEAT~
~ANYPRICE tJJERROLO-TOCOM-ZENITH ~
•• HAMLlN-{)AK-PIONEER t
,:. SCIENTIFIC ATLANTA ~
., • 24 HOUR SHIPM EN TSI •
~ • M ONEY BACK GUARANTEEI ~

;l!.\. • O UANTITY DISCO UNTSI 1iIli MASTIRCAFID / AMEX / VISA /C.D.D. t.
.. B3 ' rr ~
!Po H_ make and model no:m- ~ ti equipononl used ill you areaready. ~

: 1~:~h~~§~·!;1!2 i
~ CABLE WAREHOUSE ~
). 10117 West O.kland P.rk Blvd., ..
<1'1. SuIte 515, Sunrise, FL 333 51 .:-
.. NO FLORIDASALES ~

~....~U"~U~U~U~U
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Bezel Beautiful is priced
at less than a dollar each in
OEM quantit ies.- In t e r ·
national Instrumenta
tion Incorporated mil .
Box3751 . Thousand Oaks .
C A 9 1359 ; P h o n e :
805·495·7673.

TRI·FIELD METER. The Tn·
Field Meter from AJphaLab
ind ependently reads AC
electric fields, AC magnet
ic fields. and radio/micro
waves w it h rnulti -direc 
tiona! se nsors that read
field strengths in all direc
ti o ns simulta neous ly. It
reads all three types of
fields numerically and with
a safe / bord erl ine / h ig h
scale , weighted propor
tionally to the fields' effect
on the body. Thresholds
a re b a s ed o n e p i ·
demiological and laborato
ry studies . Althoug h no
absolute hazard thresholds
have been established. re-

CIRCLE 23 ON FR EE
INFORMATION CARD

du c t io n o f re lati ve ex 
po sure is advised . The
me ter co mes with ba t 
teries. instructions. and a
one-year limited warranty.

The In-Fteld Meter costs
$ 100 postpaid.- A lp h a·
Lab. 1272 East Alameda
Ave.• Salt Lake City. UT
841 02 : P h o n e :
503·62' ·9701.

32·SWITCH CDNTROL
CARD. An eight-bit comput
er board from AccuSys.
dubbed the 32 Switch
Reed RelayCardgives any
PC the ability to select and
control 32 analog or digital
signals with ease. Any sig·
nat up to 100 volts and 10
watts can be controlled by
the co mpu te r. Because
there is no address limit to
the number of boards that
can co-reside in a single
PC . one computer can
control the connect ion of
hundreds of signals by plu
gging in as many sw itch
cards as there are available
s lo ts . Th e 3 2 S wit ch

oecu 24 O N FREE
INfO RMATION CARD

Card s ability to route multi
ple analog signals through
a single interface elim i
nates the need for redun
dant modems. When com
bined with higher capacity
external relays. the card is
capabl e of more ac tive
fun c t ion s. For instance.
when combined with an ap 
plication that senses ener
gies. it can switch off water
heaters and household ap
pliances when they aren't
neede d and auto matically
close ventilation sys tems
or call the police or fire de
partment when sensing a
fire or break-ln.

The 32 Switch Reed Re
lay Card. including sott
ware interface examples
with source code in As
sembler. BA SIC . C . For
tran. Cobol. and dBASE.
cos ts $395 .- AccuSys.
Inc •• 3695 Kin gs Row.
Reno. NV 89 503 : Phone
702-746-1111. R-E

The World's Most Popular Probe

RE·BBS
516·293·22B3

IRE·BBS)
516·293·22B3

Try the

EI;;ij;mnics.
bulletin board

system

Leave your comments on R-E with
the SYSOP.

The more you use lithe more
uselulll becomes.

We support 1200 and 2400 baud
operation.

Parameters: 8N1 (8 eata bits. no
paril.,.. 1 stop bil) or 7E1 (7 data
bits. even parU.,., 1stop bitl.

Addyourself to our user liles to
increase your access.

Communicate with other R-E
readers.

Ecenumieal
Substantia l ";l.\" ings com pared 10
OEM pro~

10 da~' return pu l ic~'

Guaranteed performance and quality

[TPEI 917NBrown Deer Road. San Diego. CA 92121I To ll Free I-HOO-368·5719
TEST
PROBES, INC.

More SPIOO Probes Ha ve Heen Sold \\'orldwid e T han
Any Other Probe Ever ~Iade

Un i \l~~1

For Tektremx. HcwleuPackard.
Philips. Leader. B&K . Kikusui.
Hitachi, Bcx kman and other
oscilloscopes

Mudd SPIOO S
100 MllzSwitchable Ix- IO" .... 4S
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GET THE LATEST ADVANCES IN ELECTRONICS
WITH A SUBSCRIPTION TO

FORFASTER SERVICE CALL TODAY
1-800-999-7139

DON'T DELAY SUBSCRIBE TODAYI

ENJOYTHEWORLDOFELECTRONICSEACH MONTH!

Now you ca n subscribe to the best elec
tronics magazine. The only one that br ings
you articles on- e lectronics p rojec ts. tec h
no logy. ci rc uit design. communica tions. new
products and much more.

Rad io-Electronics looks to the future and
shows you wha t new video. aud io and c om
puter prod ucts are on the horizon. Wha t's
more vou'nfind he lpful. monthly deport
ments such as Video News. Eq uipment
Reports. Hardware Hac ker. Audio Upda te.
Drawing Boord . Communica tions Corner. All
designed to g ive you instruction. tips. and fun .

- .
-.. .. "-....1"..-.. V".... -..

. ...... ....-11 ::1'r..:". . .• .- . .:- .......
Radlo-Eloctronlcs gives you excitin g

a r ti c le s like:

IJ ISDN: The Telephone Network of Tom orrow
LJ The Facts on FAX
I...J A Digital Phone l ock
!.J How To Design Swi tching Circu it!';

':.J EIA·232 A real standard lor serial interfacing?
..J Build a synergy card lor your PC
..J '386 Power at a ·286 price
~ Build a b iofeedback mon itor
..J More on Multiplexing

Just till out the order card in this magazine and mail it in today.
29
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NEW LIT
Use The Free Inlormation Card lor last response .

curity systems . mot ion
sensi ng ind oor and out ·
door lighting controls. se
curi ty came ras . wi reless
video broadcas ters. and
e n e r gy-s a v i n g th e r 
mostats. The catalog pro
vides technical information
on the product s. and ex
plains how the produc ts
work . Such topics as pas
sive -in frared technology.
X-10 technology, and how
time is measured are also
discussed.

CIRCLE 17 ON FREE
INFORMATION CARD

The catalog is filled with au
dio sound components and
accessories: cables and
wires: audio accessories:
c a ble s . s p e a k e r e n 
closures . woofers. mid
ranges, tweeters. and full
speaker sys tems: P.A .
equip me nt; an d c ross
overs. Highlights of tbrs is
sue include decorative wall
plates and accessories for
in-wall installed audio sys
tems: 12-gauge neon wire:
in-wall speakers : several
woofers: and an teo-up
butane soldering iron. R-E

AUDIO FLYER; from Parts
Express, 340 East First St.,
Oaylon, OH 45402-1257;
Phone: 513-222·0173: Fax:
513-222·4644: nee.

Au diop hiles and elec
tron ics enthusias ts alike
will appreciate the selec 
tion of goods offered in this
44·page, full-color catalog.

Aimed at do-tt-yourseffers
and electronics hobbyists.
the catalog introduces sev
eral new products. includ
ing an elect ronic drape
controller that allows drap
es to be controlled by a
handheld remote or be pro
grammed to open or close
at set times throughout the
day. three air cleaners that
elect ron ically deep-clean
the air, a gas detecto r that
sounds a loud alarm in the
event of a poisonous or ex
plosive gas lea k, and a
w ir e le s s ad d -o n ligh t
swi tch for ins ta llat ion in
staircases or long hallways
that need a light switch at
each end. Also featured in
the ca talog are whole 
house automation and se·

uc t de scrip t ion s are ac 
c ompa nied b y p h o 
tographs and price s. as
well as " Tech Tips" and
comparison tables to make
selection easier.

CIRCLE 1& ON FREE
INFO RMATION CARD

HOLlOAY 1991 HOME AUTO·
MATION BY HEATH; Irom
Heath Company, Depl.
350·058, Benton Harbor, MI
49022; Phone: 1-800-44·
HEATH; free.

Consumer products de
signed for safety. security.
convenie nce. en terta in
ment, and energy manaqe
ment are featured in this
40-page. full-color catalog.

HMC FULL LINE CATALOG:
from Hub Material Compa
ny, 33 Springfield Ave nue,
Canton, MA 020Z1; Phone:
617· 821-1870 ; Fax:
617-821-4133; free .

Containing a broad se
lection of products for elec 
tro nics professionals and
hobbyists . this 142·page
catalog feat ures a full in
dex. a table o f conten ts ,
and color-coded pages to
help readers find specific
items. The fully-illustra ted
guide to elect ronic too ls.
test equipment . and sup
plies for the manufacture.
assem bly. and repair o f
electron ics contains a vari
ety of brand-name . co m
petitively priced products.

useful reference informe
non. Several do -it-you rself
amplifier modifications are
also described.

In a nontechnical. informal,
and entertaining style. the
program int roduces gui
tar ists to elec tronics , ex
plaining how to recognize
component s , exp lo ring CIRCLE 25 ON FREE
basic amplifier circuits, de- INFORMATION CARD

sc ri b ing tools and test
equipment, and providing Included are test instru
m-depth coveraqe of tubes. men ts (OM M 's, oscrllo
transformers. speakers . scopes , and datacommuni
and enclosures. II dis - ca t io ns and t el e com 
cusse s h<m to read sche- mumcanons test sets), too l
mal ic diagrams . how to kits and precis ion hand
t roubleshoot with voltage tools. soldering and deso
charts. biasing. and the cor- Idering systems and sup
reel ways to use an amplr- plies (fluxes . solde r. tips.
her. Included are vol tage wick. and sponges). lamps
chart s for most co mmon and magnifiers. and anti
a mp l ifiers . te n t ro u - static devices (bags. wrist
bleshooting flowchart s. a s t ra ps. ma ts. runners .
maintenance checklist. and meters. and ionizers. Prod-

HOW TO SERVICE YOUR
OWN TUBE AMP; by Tom
Mitchell. Media Concepts,
P.O. Box 140B, Norwal k. CT
90651-1408; 213-594-4717:
S69.95.

This "bow-to" course is
a comple te mult i -media
package that consists of a
247-page gUidebook and a
5 8 -m inut e video tape.
stored in a plaenc binder.
Deaiq ned to save mus i
cians money. the program
instruct s gUitaris ts on the
care. service. and modi 
fication of their tube-based
guitar ampli fie rs . The au
thor claims that. by follow
ing the instructions in the
course. users ca n diag·
nose and repair more than
95 % of all tube amplifier
breakdowns and problems.

CIRClE 28 ON FREE
INroRMATlON CARl)
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fo tfie first time in CIE"s Sf);y.ear history
d t have to be enrolled at CIE to recei ve

~;~o';u,?i"'I~eetron ics and Electricit y Lesson Modu les.
Available for a limited time 10 non -students
for the shockingly low introductory price of
only$99.50.

With CIE's patented AUTO·
PROGRAMMED method of lea rning
you'll quickly learn and then master
the bas ics of electronics and electricity
and then move on to ... solder ing
techniques, applications of Kirchhoff's
law, voltage and power, printed circuit
boards ... and much, much. more.

Your commitment 10 CIE ends with
you r payment, but CIE's commitment
to your success just begins when you
receive your lessons . exams , binder
and equi pment. This specia l price
includes the benefits CIE normally
extends to us students and graduat~s. .. . .....- ~$ .

You'll receive CrE Bookstore privileges, a pal
ented learning method. access to CIE's student.
faculty and alumni electronic bulletin board and
a free issue 01 CIE's school newspaper "The
Electron". 24-Hour grading and unlimited

access to CIE's facu lty is available on
an optional basis,

And best of all , when you
decide to continue your electro
nics education in any of CIE's
programs, you'll receive a
$100.00 CIE tuition credit
certificate.

All this knowledge and sup
port will put you on the road 10
understanding digital electronics,
microprocessing principles,
computer systems, telecommun i
cations , and much, much, more.

' " '-'"

• A $ 100 .0 0 CIE TUITION
CREDI T CERTIFICATE

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

t •

-
.'
~ -

,

~'/~
All This For Only l / ~ /"

50

---
, \ ' , '" ." "

--
. ,.. ". ,.

\
• Free Issue of "The Electron "
• Bu ifd your personal burglar alarm
• Theory and hands-on training $

lessons and exams co vering
"current and voltage" through
"p rinted circuit boards"

• CIE Bookstore p riv ileges
• Patent learn ing method
• Elect ron ic Bulletin Board privJleges

------------------ -----------------

Street ApI. # : _

City' _

State: bp: _

Age: Phone (__l _

o Yes, se nd me CIE's Int roductory
Elect ronic and Elect ric ity Lessons
an d Equipment. ....~l

Name; _

signalure :,~oc_-----_---...,,="";_::=

I~j] CHARGE BY PHONE ! l~:Z
- 9 AM to 4:30 PM ea stern Time:

1-800·321·2155 ext, 730 1; InOhio 1-800·523-9109 ext.7301

Tolal Merchandise: 599.50
Ohio Residents add 7% Sales Tax:
cablomia Residenls add 6 112""" Sales Tax:
Totat this ceoer:
Shipping and Hand'jog Char ges: 55.00

Method 01Payment Amounl EncIosed :_ _ S
, Persona l Check or Money Order
, Master card ' Visa

I
Cat;.';;dEE:;'PP;'~"""ion;;;;;OO:';;te;'__============

BOOKSTORE
1776 East t 7th Street
Cleveland, Ohio 44 114IIII:JE1I3
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RADIO SHACK

THE PARTS PLACEs.

i
{(I I

NEW! Now You 're Talking!
This book will help you earn
your firs t Amate ur Radio Ii·
cense and get on the air. II in
cludes all the Questions on the
new codeless Techn ician class
exam and the Novice written
exam, The book also provides
helpful tips on equipment and
an ten nae . Illustra ted . Ove r
300 pages. ' 62·2414 _. 16.95

Spe cial-Order Hotline. Your
local Radio Shack stocks over
1000 popular electronic com
ponems. Plus, we can special
order over 10,000 items Irom
our main werencueec-r c e.
semiconductors, tubes, errs
lals,even SAMS· manuals. No
poslage charges or minimum
roqlJirements lor this service.
Come in lor cetaust

NEWI PC/ XT Experi menter 's
Circu it Card. This premium
Quality protolyp ing board lils a
computer's XT expansion bus
connector. Features durable
epoxy glass construction and
plated-t hrough holes on stan
dard 0.100- centers. Accepts
D· sub connec tor shown at
right. 37.111 x 10'1.. x 'be".
'276-1598 •••• •••••• 29.95

(1) NEWI Right-Angle D
Sub 25 Fem ale Connect or.
Ideal lor use with PCIXT circuit
card al leh. 1276-1504, 2. 49
(2) Box /Board Combination.
Molded box and 2x3'.111- cir
cuit board . 1270-291 ... 4.99
(3) 2- Slim Alligator Cl ips.
1270·346 ..• Pkg . o f 8/2 .19
(4) Cordless Phone Hand set
Anten na. 1270 ·1411 ... 2.99

Mercury Bulb Switch. Just
the thing lor motion detectors,
alarms , expe ri ments and
school scienceprojects. Rated
2 amps at 12VDC. Compact T·
l 'h sue envelope.
' 275-040 1.29

(1) Two-Tone Piezo Buzzer.
!;x lra -Ioud. Ope rates lrom 8 to
16VDC. '273-070 • . . . . 10,95
(2) E lect romec ha n ica l
Buzzer. Loud 12VDC buzzer in
a sturdy metal case is grea t for
alarms. ' 273·051 ••••.• 2.49

(1) Stackable Banana Plugs.
Jack permits "chain" hook
ups. 11274·734, Set of 2 /1.59
(2) Nylon Bin ding Po sts.
' 274·662 •.• • Set of 2/1.59
(3) Micro -Clip Jumpe rs. 20"
long. 1I278-017 ... Pair/ 3.49

Super. Br ight St robe Tube.
Perfect lor photo replaceme nt,
hobby projects and experi
ments. Trigger: 4 kV, Anode:
200V min, Bulb is about 1'h
long and has 13/, - leads.
1272· 1145 3.29

Car Elect rical System Tesl er.
Spot problems before you're
Slranded! Plug this analyzer
into your vehicle 's li ghter
socket. Color-coded LEOs pin
point problems in your ballery,
alterna tor and r&gulalor.
1122·1635 •••.•••••. .. 5.95

(11 HI·Precision Th erm istor.
Aesistance changes in propo r
tion 10 temperature.
1271-110 •••.••••. .... 1.99
(2) soe-ereee Resistor Set.
''''-watt, 5% tolerance. In
cludes 54 popular values.
11271-312 .•.. . .•.•• Set 7.95

lIatlle.IhaelCS'NeE '92'

AMERICA'S TECHNOLOCV STORE-

(1) Lead-Free Sol der. 96%
tin. 4%silver. 0,032- size. 0.25
oz. 164·025 _ 1.99
(2) Rosin Solder ing Paste
Flu x. 1 oz. 164-021 .... 1.79

Over 100 aoldering Il ems and
1001. lor eleelronles are in
. toek now " Radio Shaekl

II) I

(11 High-Speed 12VOC Mo
tor. Up to 15,200 RPM! About
2" long. '273-255 .... . 2.99

(2) Low.Voltage Motor. For
science projects and solar
power demos , Requires " h to
3VOC. "273-223 aae

CIRCLE 78ONFREEINFORMATION CARD

Since 1921Radio Shaek has been the plaee10 obtain Up· lo·dale eleelronic
~tts IS wen.. quaIlly toots, lest equlpmenllnd aeeesaories at low prteee.
Our nearly 7000loeallons are ready 10•.,rve you- NOBODY COMPARES
PraI Q/l' II ~1r'I\I RaCIIO $IIa<' _ and .....,.. RaCIIO~ 1 '_oI l l111l'r torpor,t...
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CAllE TV'S
IIP.MaUIIULilr

How American Cablevision's " bullet " zapped signal pirates.

KEN FOLEY

ON W l-: l> N E S P AY. M ARC H 13 . 19 9 1.

American Cabl evtsrcn of Queens
fi red their fir s t Infa mous elec
Iro nic "buller . " Acco rd ing to
American Cablevtston . they fired
a d irec t h it . Within mi nutes their
switchboard was over loaded with
ca lls fro m subscr ibers whose
televis ion sets had go ne black.
American Cablevts ton was ela
ted-the vtcu ms had unsuspec
ted ly taken the ball.

The nex t mo rni ng. America n
Cablevislon sent armies of tech
n ic ians to service th e homes o f
t h e com p la i n i ng c us to m ers .
They replaced the cable conve rter

boxes. a nd took the dead boxes
back to the electroni c coroners
labora tory. performing h u nd reds
ofautopsies. Accord ing to official
American Cablevlslon reco rds of
the mass epidemic. the "Ccrn fi
ca tes of Death" were Identlcal
illegal chi p "zaps".

On Wednesday Apr il 24 . 1991.
American Cablev ts ton filed a civil
s ull In New York Ctty federal
cou rt aga inst th ree hu nd red a nd
seven teen a llege d ca b le pi rates .
Th at was the first time suc h a
large number of cable crooks had
been arraigne d toget her; Ameri
ca n Ca blevtst on o ffered th e d e-

fendants a deal: Pay five hu nd red
d ollars within twenty d ays. o r
face prosecu tion and fines from
one thousand. to one hundred
and ten thousand dollars. ~

MI think this Is something that .~
everybody's goi ng to have to star t ....
d o ing ." said American Cable iO
President Barry Ros en blum . -~
American Cablevls lo n h as a p- ~
proximately three hundred an d iii
th irty thousand pa id su bscr ibers m
In gueens a nd Brook lyn . and es- ~
timates It forfells h undreds of i
thousa nds of dolla rs each yea r to /I>

video maraude rs . a n d p lans to
fire mo re bullets . Th e elect ron ic 33



bullet Is the brainchild of J er ro ld
Co rnm u nl ca llons o f Ha tboro ,
Pennsylvania . It was firs t fired in
1990. by Greater Media Cable of
Ph iladelph ia .

In three separa te assau lt s .
Greater Med ia Cable blasted
away. nett ing th ree hundred a nd
sixty eigh t tIIega l co n ver ters.
wh ich ga rn ered a bounty close to
twen ty thousa nd do llars.

We s po ke to J im Ba t ho ld .
spokesman for J er ro ld Commu
n tcattons . to confirm American
Cablevts tons story that the elec
Ironic bullet Is a signal fired from
a cable company's headquarters
d irectly In to a customers cable
conve rter. lf the box is legitimate.
t he cus tome r neve r kn ows he
was Just zapped . But If black
market ch ips were Installed In a
ba s ic co nve r te r to circ u mven t
pay i n g t h e mont h ly se rv ice
cha rge. the bullet uses the ch ips'
own programs to neutrali ze the
decoder and halt the cable service
Immediately.

Mr. Ba thold t he n elabo ra ted
"Yes, t hat Is bas ically how t he
bulle t wo r ks ," he co n fi r med .
"But It would not be In ou r bes t
in teres t to elaborate, or expla in
the operational procedure in de
ta il, Otherwise It tells subscrib
ers , 'Here we come,' We have not
put one word ou t there In wri ting
of how It works-no press pack
ages or news rel ea ses . We es 
pecia lly wouldn't ~o In to del a il
with electro n ic hobbyis ts ," he
choked alit l atl~h l ng .

Hoping to fa re better In J er
rold 's engineer ing d ivisi on , we
were fortu nate to reach an engi 
neer that was also a reader ofRa 
dlc-Bleetrontcs . His boss' boss ,
te chnica l e ngi nee r ing s u pe r
viso r, S ta n Dort . said: One of th e
ap proach es pi ra tes hav e been
tak ing for years to defea t sc ram
bling Is to phys ically use a de-

~ code r box to unscramb le the
scra mbling method. Th at Is, to

~ reverse engineer the legitima te
~ descrambtc r 's softwa re.

Th e bu llet ca me in to being be
.11 cause one of .Ier rolds customers
~ Ia cable compa ny) told the m of
0:> rumors tha t p irates were defea t
iIi Ing J erro ld 's scrambling tec h
.g nol0ro'. And the ca ble company
fi. wa n ted to aggress ively pursue

them . SI') J e r ro ld acqut re d a
34 number of the pi rate d ev ices

th rough various meth odologies,
and reverse engineered them so
that a cou n ter measure cou ld be
developed . That cou n ter measure
was the bu llet, an offens ive s ig
nal tha t J er rold can send down
t he da ta st rea m to neu tra lize
wh a t the p irates reverse engi
neered . Tha t's the b u llet-dou
ble-reverse engineer ing.

Dori con tin ued , "So by u nder
s ta nd ing wh at th e pirates a rc
doing a nd not doing to de fea t cur
ren t tech nology, we're able to
launch a co u nter-offens tve stg
na t. the bullet , to defeat th em ."

In the hopes of d isco uraging
cu stomers from buying ruegtu
mate descramblers . Information
rega rd ing the b ullet Is being leak
ed from th e cable ind us try, wh ich
claims th ey are los ing up to th ree
b illion an nually from p iracy

Accordtng to J odi Hooper of
th e Na tional Cable Televis ion As
sociation, "People th in k cheati ng
on ca ble se rvices Is like a sc hool
prank. They don' t really thi n k
they are committing a crime and
s tealing. They just don't take It
ser tously ' Hooper also Indicated
that so me cable compan ies are
offer ing co mplete a m nes ty to
people who come forward before
the ir sys tems are audited and the
bu lle t Is released . She says If the
cu lprits walt un til they are dis 
covered , they willchance th e pos
s ib ility or cr iminal p rosecu tion
a nd heavy fines.

Richa rd Aurelio , p res ident or
Time Warner's New York City Ca
ble Grou p, compares cab le p iracy
10shopli ft tng. "Now that we have
the tech no logy, we're going to usc
It to rope them l n. " But Its a mi
gra m e for the cable indus try.
Most of the cable compan ies be
gan sc rambling th eir satellites In
1986 , a nd arc now concen trating
o n d c tecttng peo p le wit h d e
coders and Illegal hookups.

The National Cable Televisio n
Assoc iation says abou t eigh t mil
lion homes nationwide are lin ked
Illegally to bas ic ca ble s ignals.
And an add it ional th ree million
hom es Illegally tap In to pay ser
vices such as Ct nemax and HBO.

But from 1975 th rough las t
yea r, the n u mber of basic se rvice
s ubsc ri bers n at tonv..-td e g rew
Irom nine million to fifty-five mil
lion. The U.S . Telephone Assocta
tton repor ts that the a verage

basic ca b le rate n a ti onwid e
jumped s txty-etgh t percen t be
tween 1986 and 1989 .

So even th ough th e cable com
panies arc reporting that losses
from theft have tr ipled during
the sa me period, cable Indus try
revenue has jumped about seven
ty percent from over ten billion In
1986 to almos t eighteen billion
las t yea r.

S uc h la rg e revenues ha ve
caused some consu mer groups to
becom e s ke p tical of the ca ble
compan ies' claims of bei ng finan
cially wou nded by theft . "There Is
no Justi fica tion for usi ng s pec
ulative high-the ft figures tojusn
Iy outrageous rate increas es ."
says Ken McE ldowney. hea d of
San Fra ncisco-based Consu mer
Action .

Another method the cable com
pani es a re using to detect p i
rat es , Is the "closed circuit radar
gu n. ,. or ti me -domain renee
to me ter. The maj or drawback
with the reflectometer is that It
has to be physically attached to
the cable entering eac h home to
detect unau th orized con nect ions
or d ecoders . Othe r than tha t.
s leu thi ng Is s ti li done primarily
by Ins pectors who spend their
days eyeballing exter io r cab les
for tam pering.

So natu rally ir the cable Inc us
t ry succeeds In scar ing th ou 
sa n ds in to confes s ing. It will
score a two-headed Victory. Firs t
by recovering millions in los t rev
en ue having people s ign up-c-as
wa s the case fo r Utah 's TCI
Cablevts ton in 1989 whe re they
ra n a blitz advertisi ng ca mpa ign
showing gu tlt-r tdde n s ignal pi 
ra tes Impri soned-and s eco nd
by ha ving the option of keep ing
the bulle t In reserve as a secret
wea pon a nd not necessar ily hav
Ing to pay the hefty zapper fee to
J errold Commu nica tions.

Now Time Warner. the second
la rges t cab le company with over
s ix million subsc ribers In thirty
s tx s ta tes , Is th rea tening to s tar t
flri n~ bullets nationwide. Arc
they bluffing?

If they a re not bluffing , they
will undoubtedly catch more ca
bl e t hi eve s wh o a re fo olish
enoug h to run to their cable com
pany to complain that the ir p i
ra ted ca ble box Is not wo rk ing
properly. R-E
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put is a lso available. You can vary
the DC-level con ten t. duty cycle .
or invert any of th ose s ignals.

The outpu t frequency covers
seven decades. ra ngi ng from 0 .1
Hz up to 2 .5 MHz. (A higher fre
quen cy lim it ca n be a tt a ined by
making some po tentiometer ad
justme n ts. but a t the expense of
a degraded am plitu de and wave
form shape . which we will d is
cu ss In our n ext a r ticle .) Fine
adjusting Is ach ieved th rou gh a
lin ear dial. A s ix-d igit LED Indi
ca tes the ou tpu t frequen cy of the
gen erator. or It can be used to
display th e frequencies of ext er
nal s ign als .

Using the sweep gene ra tor. any
of th e ou tpu t waveforms can be
swep t lin early or logari th m ically
by select ing the sweep widt h and!
or s peed with the fron t panel con
trol s . You can also sweep th e se
lec ted waveform under th e con 
tro l of a n external voltage. which
is useful for freq uency modula
tion generation tech n iques .

Th e frequency-counter sec tion
can eit her give a rea dou t of the
frequency being genera ted or It
ca n meas ure exte rn al Sign a ls .
The cou n ters range Is from DC to
150 MHz wit h a n inpu t sen 
s tuv tIy of 20 milli volts . In pu t s ig
nals can be DC or AC coupled and

MICHAEL A. LASHANSKY

Build this sweep/function generator

and frequency counter and add to your

bench-top instrument collection.

Overview
Our fu nction ge ne rato r a nd

counter produces a square. tri
angle. or s ine-wave ou tput with a
con tin uously var iable amplitude
of one vol t to 20 volts peak-to
peak. A 20-d8 attenuator a llows
smaller a mplitude s ignals to be
gene rated . A var iable 0 .5 to 15
volt pea k TTL or CMOS pulse ou t-

IF' YOU"RE AN EI.ECTHON IC I'HOFES·

s lonal or advanced hobbyis t. you
know th evalue of'a well-equ ipped
workbench. An Important p iece
of basi c equ ipme nt is a fun ctl on
gene ra tor and frcq ue ncycou n ter.
Although few profess ionals are
mi ss ing on e from their b en ch.
many hobbyists can't justi fy the
expe nse of quali ty com me rc ia l
units . I f you 're one of those who
h as put off buy ing s u ch an In
s trument , we can sh ow you how
to b uild one that produces up to a
2. 5 ·MH z s q ua re , triangle. o r
si ne-wave ou tpu t wit h a I to 20
volt peak-to-peak amplitude an d
a 20·dB attenuator. Th ts Instru
men t also h as a TTL or CMOS
0.5 - to 15-volt peak ou tpu t as well
as a sweep generator a nd fre
quency cou n ter that ca n read up
to 150 MHz. Al l of these features
are comb ined in a si ngle ben ch
top unit. for a pri ce of $300.

----------------
•

\



the Inpu t Impedance Is swt tcha
ble b etween 50 o h ms a nd I
megoh m . A pres cale/non -p re 
sca le fu n ction is provided to
make maximum usc of the s ix
digit LED to d is play hi gh-fre
quen cy counts . The gate time of
the counter Is con tro lled by the
frequency decade switches a nd
offers gate times of 10. I. 0 .1. and
0.01 seconds.

Theory o f operation
All low- to m id-end function

generat ors-Includin g th is
one-use a s im ilar technique for
generating a waveform. A basi c
triangle wave ts first gene ra ted .
then massaged In to a s ine wave
and a square wave. Th e block di
agram of Fig. I shows the basi c
workings of the main board . A
fr equency-controlled mult t 
vi b ra to r dr ives tw o cu r re nt
s v.. itch es . whic h a lte r na te ly
charge and d ischarge a capac ito r
through a res is tor. The result ing
triangle wave is fe d eith er
through a s me-shaper circu it. a
sq uare -wave amplifi er. o r

straigh t ou t to th e ou tpu t ampli
fier secuon.

The output of th e square-wave
amplifier controls the polarity of
the cha rgi ng voltage of the capac
itor. The capacitor will cha rge to
positive. t hen to nega tive a nd
back aga in to positive. t hereby
creating a triangle wave with a n
amplitude of 2 volts peak- to
peak. The waveform frequen ey Is
controlled by the RC time con
stan t and the amount or neganve
voltage applied to t he mu lti 
Vibrator. We will explore th at in
more detail la ter.

The output of th e square-wave
amplifier is also used to drive a
TIL gate and CMOS level-shi fter
gate combinatio n. which allows
both TIL- and CMOS-level pulsc
ou tpu ts .

Th e sweep-genera to r section Is
made up of a voltage controlled
multtvtbrator with a lon g li me
cons ta nt. That produces a DC
voltage that varies accord ing to
th e voltage applied . The ou tpu t
ca n be routed to a logarithmic
amplifi er to crea te both linear

a nd log outputs . The s ignal is
th en fed to a buffer/level con troi
amplifier whi ch Is the n coupled
to th e voltage-co ntrol in put of th e
fu nc tion genera tor's ma in multl
vib ra tor.

The frequen cy-counter scctlon
is made up of an input-amplifier
s ignal-condition ing circu it . a dl
vide-by-too prcscaler. an In ters tl
72 16B frequenc y-counter chi p.
and a s ix-d igit LED. Signals are
rou ted th rough th e front panel
for mea suring . Pr es caling de
creases the resolu tion of the dis
play but a llows 15 0 MHz to be
di splayed with s ix digits . The
decim al po int on the LED ind i
cates tha t the display is read in
kHz.

Triangle-wave ge neration
Figu re 2 shows the sc he ma tic

of th e cu rren t sw itch a nd th e trt
a ngle/s q ua re-wa ve gene ra tor.
Th e combination of ICI-IC4 a nd
Q I-Q4 makes up the main volt
age-cont rolled mul ttvtbrator; A
negattvc voltage Is applied to the
tnvcr ttng inpu t o f let. which

-v . v
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~

SlNESHAPER
f\f\J

.v

TTL
PUlSE
OUT

rn lEVE l
CO/lV( RTfR

J2 MAIN
>------------€O~OUTPUT

OUTPUT
AMP

SOUARE
WAVE
AMP

BUfTER

-v

.L CURRE NT
SWITCH
IC4.04
(FIG.2j

fREOUHfCY
CONTROL

~
3 EXTERtJ,\l

COutHER
INPUT _ lUPUT

AMP --v

i SWEEP
SPUD

CONTROl.

LINEAR S.'fEfP
GENERATOR

BUffER NolO
SWEEP WIOTll

CONTROl '-,--'

FIG. l -BLOCK DIAGRAM OF THE FUNCTION GENERATOR. Note how the square-wave
output Is continuously fed back into the current -switch Input. That Is done to precisely
align the triangle and square wave output through the hy steresis loo p to prevent

36 crossover distortion .
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FIG. 2-CURRENT SWITCH, TRIANGLE/SQUARE-WAVE GENERATOR schematlc. The
triangle waveform Is generated by alternately switching current sources 0 3 and 04,
thereby charging and discharging Cl03-C107. As the Irlangle wave crosses the upper
and lower levels of IC3's input , a square wave is generated al the output of hysteresis
comparator IC6.
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d r ives th e base of Ql. Co m po
nen ts ICI a n d Q I form a cu rre n t
s in k a nd IC3 and Q3 form a cu r
r e nt -controlled s w itch . Th c
a mo u n t of c u r r e n t Ilowmg
t h ro ug h Q I d e t erm ine s t h e
switc hing th reshold of IC3 . As
the In put of ICI (pi n 2) becomes
more negauve. the output at pi n
6 becomes more pos itive causing
Q l to conduct more curre nt.

The co llecto r cu rren t th rough
Q I gene rates a voltage at tC3 , pin
3 . That voltage causes tC3 's out
put to s witch from one state to
a n ot her. The Inverting inpu t of
IC3 is con nec ted to the pos itive
rail through the s witch -selec ted
timing resis tors R115 through
Rll9 .

Tr ans istor Q 3 s witch es be-

PARTS LIST

All resistors are V.·watt, 5% unless
otherwise Indicated.

R101-27oo ohms, 1%
R1 02. R1 04, A1 0S. A1 09, A111-

100,000 ohms, 1% .
R106-33,200 ohms, 1%
R107, R108. Rll D-1000 ohms. 1%
R112, R114-3Q10 ohms, 1%
R113-49.900 ohms. 1%
A115, A120-4990 ohms. 1%
A11 6, A121- 71SO ohms. 1%
R117, R122-348 ohms, 1%
A118, A123-75.000 ohms, 1%
R119, R124-7SO,OOO ohms. 1%
R1 25, R126, R826, A827- 10,OOO

ohms, potentiometer
R127. A1 28-5000ohms, potentiom

eter (part of 5101 and 5102,
respectively)
A129, A825--20,OOOohms, potenti-

ometer
R201 , R210, R22D-10,OOO ohms
A202, A222-470 ohms
A203-390 ohms'
A204. A206, R219-1000 ohms
R205, R21 6. R217- 2700 ohms, 1%
R207. R208-402O ohms. 1%
R209-511 ohms
R211-30.000 ohms
R212- 2000 ohms
R213, R214-1 3,OOO ohms
R215--91O ohms, 1%
A218-7500 ohms
R221-47 ohms
R223, R828-5000 ohms. ootenn

ometer
R224. R22S. R228 . R229-2000

ohms. potentiometer
R22f-10.000 ohms, ootenucmeter

(part of 5201)
R227-4700 ohms. potentiometer

tween on a nd off based on th e
a mo u n t o f c u r rc nt rIo w lng
through the ti m ing res istor s e
lected a nd Q I. Co mponen ts IC2 ,
Q2. IC4 . a n d Q4 p erform the
same fu n ction b ut a re 18 0 de
grees out of phas e.

A t ria ngle waveform Is gener
ated by charg ing a nd d tscharg
Ing th e selected ca p a c ito r
{C I03-C I0 7 1 b y a lte r na te ly
s witc h in g c u r re n t sou rces Q3
a n d Q4 . T he time requt red to
ch a rge a nd d ischarge th e ca pact
tor determines the period of one
cycle a nd the freq uency. Course
frequency adjustmen t Is set by
the c h ose n resistor-capa c it or
combi nation , a nd fine frequency
con tro l Is determined by the volt 
age a t IC I. p in 2 .

R301-49,900 ohms , 1%
R302, R303-11.300 ohms. 1%
R304, R30e-12,1 oo ohms, 1%
R305--309 ohms, 1%
R307-200 ohms. 1%
R308, R309-24,900 ohms. 1%
R31D-127 ohms. 1%
R311--63.4 ohms. 1%
R312. R313, R320-1000 ohms
R314-5100 ohms
R315--680 ohms
R31 f-1SO ohms
R317-6800 ohms
R318, R319-10,500 ohms, 1%
R321-2000 ohms
R322- 12 ohms
R323. R324-1000 ohms, potenti

ometer
R325-S000 ohms , potent iometer

(partof 5301)
R401 , R402. R503, A504-10,OOO

ohms
R403, R404-22,OOOohms
R405-170 ohms. 1%
R406-12,OOO ohms
R407-1200 ohms
R40&-2000
R409-18,200 ohms 1%
R41D-270 ohms, 1%
R411-100 ohms. 1%
R412, R414 , R502-3000 ohms
R413-24.300 ohms, 1%
R415, R418-47 ohms. 1W
R416, R417- 7.5 ohms
R419-50 ohms, lhW
R420--499 ohms, lhW
R421-56.2 ohms, 1%
R422, R424-10,OOO ohms, potenti-

ometer (R424 is part of S401)
R423-2oo ohms, potentiometer
R501-100.000
R505--10 megohms
R7Ot-10.000 ohms

The tria ngle waveform is buff
ered by Q5 a nd trans isto rs IC6-c
and -a. IC6-'l . -b. a nd -e acts as a
balanced d ifferen tial a m plifier to
form a hys teresis comparator
whi ch ac ts as a two-state la tch
co n t r o ll in g the dt re ct ton o f
charging. As the triangle wave
form alternately crosses the up
per a nd lower levels of th e in pu t
(IC3. pin 2 a nd IC4 , p in 2 ), a
sq ua re wave is generated at the
output of t he hys teresis co m 
para tor. That square wave Is fed
back to Q3 a nd g 4 to con tro l the
c ha rging c u r re nt pat h th rough
bridge DI 01-DIOB.

Th e s q ua re wave Is fed back
Int o the tria ng le wave input for
a lig n me n t wit h the tr iang le
wave. The importa nce of the hys -

R702-100,OOOohms
R703-1 megohm
R704-SO ohms
R705, R718-150 ohms
R706, R712-220 ohms
R707-470 ohms
A708, R715--51 ohms
R709-R711 , R713, R714, R716,

A717- 510 ohms
R719-36 ohms
R720-1000 ohms
R801-7500 ohms. 1%
R802-33,OOO ohms, 1%
R803-33 ohms, 1%
R804, A805, R807- 5100 ohms, 1%
R806, R810, R81 6, R817, R819,

R820. R822- 10,OOO ohms. 1%
R808-510.000 ohms, 1%
R809-2200 ohms, 1%
R811- 22,OOO ohms. 1%
R81 2- 2400 ohms, 1%
R813-100 ohms, 1%
R815--150 .000 ohms, 1%
R818-15,500 ohms, 1%
R821-2000 ohms. 1%
R823-15,00Q ohms. 1%
R824-18,OOO ohms, 1%
R830, R831-5000 ohms, potenti-

ometer (part of sao1 and 5802,
respectively)
capacitors
C101, C102. C204. C205--0.1 ~i

ceramic
C103, C203-100pF, ceramic
C1Q4-{).OO1 ~F, Mylar
C105--0.01 ~F. Mylar
C106-0.1 JLF. Mylar
C107-1 IlF, Mylar
C108. C504-15-60 pF. variable
capacitor
C201-S8 pF, ceramic
C202-Q.047 JLF, ceramic
C301. C303--0.1 ~F, ceramic



teres Is loop (lCG pin 4 ) Is to en
su re th at the tri angle and square
wave are pe rfectly timed to avo id
any crossover dis tortion .

The collecto r of g 7 is clipped to
app r oxi m at ely 3 vo lt s by
0218-0226 and fed to IC7. pins I
and 9 . IC7 is a dual four-Input
AND gate . wh ich log ically ANO'S
the In pu t square wave with a log
ic hi gh to p roduce a TIL-level
square wave ou tpu t. The ou tpu ts
of the two gates are tied toge ther
for Increased current drive. and
fed to t he pul se-output con t rol
circu itry. The TTL square wave Is
level s h ifted by gs to IS-volt
CMOS levels. were It Is NANDed
wit h 15 volts In ICB-a. The output
of the gat e Is fed in parallel 10 ICB
b. -c. and -d. where they are also

C302, C304, C502-39 pF, ceramic
C305, C401--4 .7 pF, ceramic
C307- 15 pF, ceramic
C308, C408-5-35 pF, variable
capacitor
C402-12O pF. ceramic
C403-2.2 pF, ceramic
C404 , C406-6.8 J1F, tantalum. 20

wits
C405. C407---O.047 J1F, ceramic
C501-33 pF,ceramic
C503-10 pF,ceramic
C601. C602- 1000 J1F, electrolytic.

50 vons
C603 , C604-1OQ J1F, electrolytic. 50

",Os
C605--1 J1F. tantalum, 20 volts
C701 , C704-C706-0.1 IA-F, ceramic
C702. C707-1OQ pF,ceramic
C70310utantalum16voltsC801-22

J1F, tantalum. 16 votts
caoa C803-220 pF, ceramic
C804, C805--1OQ pF, ceramic
csos-soo pF,ceramic
Semiconductors
010 1-010 8, 0201 - 0204,

0 206-0226. 0 301 -031 2,
0315-0318.0401. 0 402. 0701,
0702, 080 1- 1N4148 diode

0205--1N751, 5.1-voit Zener diode
0313. D314-1N746, 3.3·volt Zener

diode
BR1-W02M bridge diode
01.04. 012. 0 13, 021-2SC1815 or

MPSAQ5 NPN transistor
0 2, 03. 06. 0 7, 0 11, 019, 020-

2SA10150r2N4403PNP trenslstor
05. 0 17- 2N4416. N-channel FET
0 8--2N3904. NPN transistor
09 . 010 . 0 14-2SC1923 or

MPSH34. NPN transistor
0 15--2N2219. NPN transistor
Ql&-2N2905, PNP transistor

NANOCd with 15 volts .
The outputs oflCS-b. -c, and -d

a re co n n ec ted in parall el for
g rea te r drive ca pab ili ty a n d
rou ted through 5 20 1. a 10K p0
tentiom eter with a S POT swi tch .
which con trols the pulse ou tpu t
mode. With th e potentiometer in
the 0 1'1' positio n . a TIL-level out
put Is ava ilab le. Thmlng the p0
tentiometer throws the switch.
wh ich routes the CMOS ou tpu t
to the BNC con nector J l. The 10K
poten ti ometer co n t ro ls th e
a moun t of s ignal available to J I
and will vary the amplitude of the
s ignal from 0.5 volts to 15 volts.

Figure 3 shows the schema tic
of the si ne s haper and output
amplifie r. Sine- wave generation
Is accomplished by taking the trl-

0 18-PN5139, PNP transistor
ICl , IC2-LM741,op-amp
IC3. 1C4-LM308. op-amp
IC5, IC6, IC2O-CA3086. NPN five-

transistor IC (Harris)
IC7- 742O, dual4-input A.NO gate
1C8-4011. quad NANDgate
1C9-CA3030. op-amp
IC1G-4066. CMOS quad bilateral

switch
IC11- 721 6B, frequencyrount er and

LED driver (Intersil)
IC1 2-7815, + 15-volt YOItage
regulatClf
IC13--7805. + 5-voIt YOItage
regulator
IC14-7915, - 15-110" vohage
regulator
ICl5--MC10116, ECL triple-line re

ceiver wi t h Sc hmit! t rigge r
(Motorola)

IC1&-SP8629, preecaler (Plessy)
IC1 7--lM324. quad op-amp
ICl8-MC1458, dual co-amp
ICl9-CA3140, co-amp (Harris)
SR801- 1000ohms, thennistor
OISP1-0ISP6-common-cathode

LED (FND357)
Other components
S1-S7-4POT-0 switch
S8-0PDT switch
S9-$11-DPOT-D switch
S12-514-DPOT-1 switch
S1r-DPOT onfotf switch
S101- DTDP switch used with R127

(5K potentiometer)
S102-0IDP switch used with R128

(5K potentiometer)
S201-SPOT switch used with R226

(10K potentiometer)
S301-DPOT switch used with R325

(5K potentiometer)
S401-5POT switch used with R424

angie wave from IC6-d and feed 
in g It through the nonUnear
network made up of 0 301-03 12
a nd resistors R301-R31O. The
circuit atten uates the Input tri
angle wave according to Its level.
producin g a sine-wave equ tv
a lent. The ou t pu t of t he s ine
s hape r Is fed through a h tgh
pass filter to the Input of IC9 . a
CA3030 op-a mp. Zene r d iodes
0 313 and 0 314 d rop the IS-volt
su pply voltage to ± 11.3 volts to
accommodate the ± 12-volt re
quirements of th e IC, The ga in of
IC9 Is about 10, a nd can be ad
justed by potentiom eter R32 3 .
The CA3030 Is a n Inexpensive
Wide-band op-amp but requires
some frequen cy compensation to
work over Its en tire ba ndwidt h .

(10K potentiometer)
S801-oPDT switch used with R830

(5K potentiometer)
S802-0PDT switch used with R831

(5K potentiometer)
J1-J4-BNC panel mount connector
J5,J14-&position femaletmale. 0.1

inch centers
J6--5-position femaletmale. O.l·inch

centers
J7,Jl2-2-position female/male, 0.1

inch centers
Ja.Jl3--6-position femaletmale.0.1

inch centers
J9-J11. J15. J16-4-position femalet

mate. O.1-inch centers
XTAl1-10-MHz AT/CUT crystal
T1-115140 volts AC. 0.5·amp
transformer
Fl---O.5-amp fuse
Miscellaneous: Case (CTP- l by

GlobalSpecialties), three 1.75-inch
standott s. two TO·5 heatslnks,
three T0-22O beatsmks. three PC
boards, internal wiring. fuseholder,
3-conductor 18-gauge power-sop
ply cord and strain relief.

Note: The following Items are
available Irom 'rr tetat Elec
tron ics, Inc., 66A Brockington
Cres., Nepean, Ontario , Canada,
K2G 5U, (613) 228-7223:
• A set ot three etched, drilled
and plated-th rough PCboards
$76.
• AU components without the
PC board and case-$250.
• Complete kit of all parts (un
fin ished front panel)-$300.
• Cut and sil k-screened front
paneJ---S10.

Add $17 tor shi ppi ng and han
dling. Send check or M.O.
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A G. 3-SINE SHAPER AND OUTPUT AMPUAER sc hematic. The triang le wave from
I~ is led 10 a non linear networ1tmade up 01D301-o312and R301-R310. The triangle
waveis anenuated according to its level, producing a sine-wave eq uivalent
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The main ou t put a m pli fie r
con sis ts of 9 9 an d g10 con fig
ured as an unbalanced differen
tial pair and transistors Q11-916
configu red as a complemen tary
symmetry push-pull amplifier. A
di fferen tial a m plifie r amplifies
the d ifference b etween the sig
nals present a t the base of each
trans is tor. The Input s tgn al ts fed
Into the base of Q9 and the out
put of the push-pull ampli fier Is
fed back through the attenu a ting
c ircuit of R409. C403. a nd C408
an d co upled to the base of 910.

~ T he ou tp u t o f the differen tial
pair. g 9 and gw. Is ta ken from

~ the collecto r of g l0 with the gain

.e"
• of that s igna l co n trolled by R408

and R423. which shunts the In
ti put s ignal to ground.

W
~.~ The DC con ten t of the output

signal is determ in ed by the DC
.02 bias voltage at the base of QIO
"0 (that value is set by potenttome
~ ter R422 and s hou ld be adjus ted

to give a o-volt DC level}. Panel
40 m ounted switch/potentiometer

S401 allows the user to adjust the
DC base bias of gw. which
ca uses the output s ignal to ride
on a DC voltage from - 10 volts to
+ 10 volts depending on the po
ten tiom eter sett ing.

The output ofQ IOIs co nnecicd
to the emitt ers of g i l and g l4
through DC blocking ca pacit or
C402. Transistors g i l and g l4
a re u sed In the co m mon- base
mode with the Inpu t signal fed
into the em it ters and the outpu ts
taken from the collectors. Tran
s ts tors gl2 and g l3 a re used as
diodes to con nect the collectors
of gil an d g14. The outpu t of
gil Is fed to the base of g iS .
which a mplifies the positive half
of the s igna l. The ou tput ofg l4 Is
fed Into the base of g l6 which
a mplifies the negative excursion
of the signal. Switch S30 1 con 
trols the amou n t of signal en ter
Ing the am plifier section through
the u se of a po ten tiom eter. When
the ga nged DPDT s witc h Is left In
Its normal IN position . the outpu t

wtU swing 20 volts peak-to-pea k
Iopen ci rcu it ). Pu lling the switc h
attenuates the s ignal by 20 dB.
Output Impeda nce Is approxi 
mately GOO oh ms In the normal
switch posit ion and 50 oh ms In
th e 20·dB posit ion .

T he frequency-counter a nd
sweep-g en erator circuits a re
s hown In Fig. 4. The sweep gen
e ra to r co ns ists of IC I7- IC20 .
The potentiomet er s ec ti on of
5801 applies a negauve volt age to
the Inverting Input of Integrator
ICI7·a. The Input s ignal Is Inver
ted and charges CBOI until It
reaches the switching threshold
of comparator ICI 7·b . When the
s witc h ing threshold is reached
the output will go h igh , forward
bias in g Q2 1 wh ich di scharges
CBOI to grou nd through HBOG.
The output at ICI7-a pi n 7 Is a
p ositive-goi ng ra m p and is
routed through the Iinea rllog se
lection switch 5801 to either the
output buffer a mp or the log
a rit h m lc ra m p generator.
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AG . 4-SWEEP GENERATOR AND SIGNAL ROunNG. Potentiometer A830 applies.
negative Yoltagelo 1C17·. ; C801charges unt il it reaches the switching thre s hold ol lC17·
b , which then forward blase. 01. The output at 1C17.pin 7 1sa positive-golng ramp which
is routed through the llnearllog select ion swItch S801 to the output butter amp or log
ramp generator, 1C16 Is .. prescal er chip used to downscale frequencies greater than 10
MHz-

An an n- tog genera tor circu it is
made u p oflC 17·c. tct g-a. -b .
IC20-a. and -b. wh ich pe rforms
an X2 function . ICI 7·c ac ts as a n
in put b u ffe r a n d u t tcn u a to r.
ICI S-a and IC20 -a dri ves t h e
emltter ofl C20-b In p ropor tion to
the Inpu t voltage a t th e base of
IC20 -.1. The collec tor cu r ren t of
IC20-b varies expone ntially with
th e emitter-base voltage. The cu r
ren t Is th en conver ted to a voltage
by amplifier ICI B-b. Poten tiome
ter RB25 se ts th e balance of lC lB
bi; ou tpu t between a linear and
expo ne n tial function wh ile po
tentiom eter R8 26 cont rols the
ou tpu t s tgna llevel. The rm is tor
S RBOI Is necessary to compen
sate for te mpe rat u re drift be
cause th e out pul of Ihe circu it Is
d irectly p roportional to th e an ti
log of the Inpu t voltage. and th e
coefficien t of the lo~ term Is di 
rectly p roportional 10 absolute
tem pe ra lure. Without compensa
tion , the scale facto r would also
vary directly with temperature.
Constan t gain Is achieved by
making the voltage a t the base of

IC20-a di rec tly proportional to
temperatu re.

The linear and logarithmic
pos ruve-gomg ramps a re buff
ered by IC19 . a CA3140 op-amp.
and are conve r ted to a negative
going ramp. That s ignal Is th en
fed Into ICI pin 2 through R102.
SWi tc h -po te n t io me ter 5802
R831 controls the negati ve volt
age that Is coupled to ICI pin 2
wh en It is In the n ormal IN
pos ition . ICl Is con trolled by th e
ma in frequency-adjus t potentl ·
ometer S lOt. which consis ts of
RI2 7 unco n nected to 5 101.

With 5802 in the OUT posit ion .
the ou tpu t of ICI9 wtll be p resen t
at ICI. Potentiometer S802 se ts
the level of the ra mp and con trols
the sweep width. It s ho u ld be
noted that ICI p in 2 is a sum
ming point and the voltage pres
ent from the main freq uency
control and the sweep generator
adds together. The sweep gene r
ato r s ta rts its sweep at the poi nt
determined by the tntttal voltage
at p in 2 . For maximum sweep
con trol. the mai n frequency ad-

Jus t pote ntiom ete r s hou ld be
turned to Its min imum level.

Frequency counter
Th e power su pplya nd frequen-

cy cou n ter circu it Is sh own In
Fig. 5 . The frequency counter
can coun t either signals gener
ated Internally or measure exter
nal s ignals . The external signal Is
switch cou pled through 511 di 
rectly th rough R70l . or capact
lively cou pled through C70l , as
shown In Fig. 4. When the Input
s igna l Is di rectly cou pled . the
low-pass filter of C708 and R720
Is present . Ca pac tttvely-cou pled
s ignals by-pass the low-pass filter fD
and pass through a h igh-pass fil- .~
ter. Diodes 070 1and 0 702 clamp "'I;

S
' h1e2 ,nPIut tOhProtect g 17. SwItCh

d
_~

se ects t e ga te res is tor an
se ts th e Input Impedance of th e &
circu it . Transistors g 17 and glB '?
provide amplification and Imped- m
a nce matching for ICI 5 . a n X
MCIOll6 ECL triple-line rece iver f
with Sc hmitt trIgger. Dtfferennal CIO

amplifier g l9 and g 20 provide a
si ng le-ended ou tpu t from the dlf- 41
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FIG.~ER SUPPLY AND FREQUENCY COUNTER schematic.. Either an intemal or
enemai signal SOlln:8 Is selected vi.I 514 (Fig . 4). Both signal sources are fed to IC11. a
frequency counter and lED driYef chip. For input frequencies greater than to MHz.
prescallng is needed.

feren tlal ou tputs of ICI5. Switch
S I3 controls whethe r the Inpu t
signal Is fed d irec tly from th e In
put amplifier or from the d ivide
by-lOO prescaler to the coun ter
sec tion .

The coun ter section ca n tak e
Its input from th e in ternal sou rce
or from a n ex ternal sou rce via
5 14 . The Int ernal s ignal repre
sen ts th e ou tpu t frequency of the
frequen cy generato r and Is taken
from the Junction of 0 221 and
0 224. Both s ignal sou rces a rc
pulled up 10 CMOS levels by R502
and fed into ICII . an lntersr l fre
quency coun ter a nd LED driver
ch ip. The chi p combines a high 
freq ue ncy oscilla tor. decade ttmc
base coun ter. a n 8-decade dat a
cou n ter a nd latch es . 7-segment

~ decoder. digit multiplexes. and 8
segmen t a n d 8 -diglt dr ivers .

~ which d irectly drive multiplexed
~ LED's. The Inpu t frequ ency ofthe

ch ip is limited to 10 MHz. so p re
"o~ scaling of the Input Is required to
_ mea su re h igher frequency s tg
~ nals . The 7216U is a mutttfunc
~ tlo nal ch ip. pe rforming many
~ useful measuri ng tasks.
a: A IO-MHz crysta l. XTALI wit h

componen ts C501-C504 a n d
42 R505 set the In ternal tlmebase to

10 MHz. That configu ration
works well with our d iv ide 
by-lOO pres caler becaus e the
lImebase can rem ain the same.
only the decimal point takes on a
d ifferent meaning . In non-pre
scaled operation. the decimal
point on the LED Indicates th e
read ing Is in kHz. when the in pu t
Is pres caled. th e decimal point
Indicates the displ ay Is rea d as
x 10 kHz. We'll di s cuss more
abou t th at la ter.

.Ga te - ti me selec tio n Is con
tro lled by the main frequency se
lecti on switch es S I ·d thro ug h
S7· d. They a re configu red to give
ga te times of 0 .01 seconds In th e
I-MHz range. 0 .1 seconds In th e
l()().kHz range. I second in the
lO-kHz through IO-Hz ra nges .
a nd 10 seco n ds In the O. I-Hz
ra nge. The gate time select lICII
p in 14 ) must be con nected to the
appro pria te d igit driver to seh..ct
the required time.

Gate-ti me selection Is achieved
by applying 5 volts DC from one
of the switches S I-d though S7-d
to the con trol input of one of the
quad-bilateral switches of lC IO.
Each of the bilateral switches of
IClOcon trols the d tgtt driver tha t
is connected to the ga te-select In-

put . Be cau se s w itches S I-d
th rough S7-d are depen de n t
(on ly one can be engaged at any
one time) onlyone of't he bila teral
switc hes will have 5 volts on Its
con trol Input. all th e others will
be a t g ro u n d . Resistor R504
hardwlres th e fun ction se lec t to
Implement the frequency mea 
su r ing mode on ly. Both R504 a nd
R503 are requtrcd to red uce ring
Ing at the Input. which cou ld re
sult in false selections .

The power s u p p ly Is fair ly
s tra igh tforward. AC line curren t
Is switch-con nected th rou gh S I5
to fuse Fl to th e prim ary of TL
The transformer Is cen ter tapped
with a s econda ry voltage of 40
volts and full load cu r ren t of 0 .5
amps . Diode b ridge BRI rec tifies
the AC secondary voltage a nd It Is
filtered by capac itors eGOI a nd
C6 0 2 . Voltage re g ulat ors.
IC I2- IC I4 . provide + 15 . + 5 .
and - 15 volts DC. The ~ 20 volts
DC is taken right from the bridge
circu it. If a 4Q-volt AC secondary
transformer ca n not be foun d .
Zene r diodes ca n be used to drop
a h igh secondary voltage down to
the ~ 20-volt range. Next time
well d iscuss how to build and
test the func tion gene ra tor. R-E



SP~:AKERI'IIONES I IAVE COME A LONG
way si nce the two-pie ce units we
used to see on th e 1958 TVse ries ,
The FBI. There. an age nt. played
by Eph rtm Zimbalist .Jr.. sat on
his ch ief's desk as th ey "c on
fere nced" a round th e co u n try.
plann ing the cap ture of th e vil
lain . In those days the units were
available only by a rath er expe n
s ive lease from Ma Bell. and the
ta lk unit and receive section had
to be located on opposlte sides of
the desk to avoid acoustic feed
back-the same sort of so u nd
that a public add ress system gen
erates when the speakers are lo
cated too close to the micro
phone.

Today, th anks to some sophls
ticated electron ics. the speaker
and the microphone can now be
used in a si ng le en closu re. How
ever. as we will discuss la ter. there
are still aco ustic conside rations

to con tend with . We've all heard
what the typical speakerphone
sounds like. and that's probably
why most of us don 't already own
one. Speakerphones have also
had a his tory of being expen
s ive- u ntil now;

T h e Sp eak e r-Mate s pea k
erpho ne is inexpens ive . com
pact. easy to build. a nd powered
from the ph one lin e. You'll s t ill
need a regula r phone because
you can 't dial ou t on the Speaker
Mate, and it doesn 't have a ringer.
But its sound quality is excellen t.

A quality speakerp hone relies
on a balanced combination of
electron ic des ign a nd acoustic
physics. With the Speaker-Mate.
once an enclosu re was chosen.
the m icroph one a n d speaker
were moved to d ifferent pos itions
to ac h ieve the best pos s ibl e
sou nd before making the finalde
s ign.

Operation
Modern speakerphones work

on a switching pr inc iple to mini
mize audio feedback. Neither th e
talk path nor the receive path are
totally off. but each a re attenu
ated by a factor of 52 dB. a nd
both sit In an idling mod e until
one person talks . It's s imilar to
voice-controlled t ra nsmissions
(VOX) used by ham operators.
where both station transmitters
are off until one operator talks : ~

when they are through the ot her . ~
station can ta lk. The comparison -e

ends here because with a speak- .~
erpho ne. the receiving station '"
can interrupt si mply by talking ~

louder. 9'
Figure I is a block diagram of m

the Speaker-Mate. The ta lk path o~
goes left to r ight on th e upper half ::::I

of the drawtng. and th e rece ive ti"
path goes from right to left. Both
paths go through th eir respective 43



attenuators whi ch arc controlled
by the attenuator control block .
That section gets Its data from
level detec tors on both circu it
paths . The detectors a re inter
connected with background
noise monitors .

One of the requtremcnts of th e
speaker-phone design Is to dif
ferentiate between speech. which
cons tantly varies in amplitude.
and cons tan t background no ise.
When constan t and unvarying
noise Is heard. the attenuator
control mules bot h paths until
speech is read . A se para te detec
tor is provided to atte nuate the
dial tone: it Is not a s ing le tone
a nd doe s not qualify as nois e.
The Z balance network matches
both paths to th e phone line.
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FIG. 1-BLOCK DIAGRAM OF THE SPEAKER·MATE. The ta lk path goes left to right on
the upper half 01 the drawing, and the receive path goes from right 10 left .

Clrcuitzy
Referring to the schema tic in

Fig . 2 , the GOO-oh m ba lanced
telephone line is coupled to th e
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FIG. 2-SPEAKER-MATE SCHEMATIC. The 60G-0hm balanced teleph one li ne Is coupled
to the dev ice th rough Tl , a 600-t0-600 ohm transformer. A Zener diode limits t ransient

44 spikes and regula tes the supply to 5.1 vol ts .



All resistors are V.-watt , 5%
Al , A9, R23-10.000 ohms
R2, A13, R25-100.000 ohms
R3. A12. R24-5100 ohms
A4. A1D-56,OOO ohms
AS. A11-220.000 ohms
A6. A7. A16. A17-1000 ohms
A8--330 ohms
Al 4-120,OOO ohms
Al 5-2S,OOO ohms, PC-mount ver-

tical potentiometer
Al 8-680 ohms
A1 9, A21-33,OOO ohms
R2D-50.000 ohms, potentiometer

with switch (52)
A22-1 megohm
A26-l 0 ohms

Capacitors
C1-Q.01 j.1F, ceramic disk
C2. C5-0.00S 1lF, ceramic disk
C3. C10, C13, C21, C26--0.0S j.1F

ceramic disk
C4, C16. C25-47 ILF, te volts. radial

electrolytic
C6, C9. C1l , C12, C1B. C22. C23.

C24-Q.1 j.1F, ceramic disk

PARTS LIST

C7, CB, C14, C1S. C19-2.2 j.1F, 16
volts, radial electrolytic

C17-220 ILF, 16 volts. radial
electrolytic
C20-22 ILF. 16 volls, radial
electrolytic
C27- 1000 ILF, 16volts. radial
electro/ylic
Semiconductors
IC1-MC341 1BP voice -switched

speakerphone. Motorola
lC2- MC34119P low-power audio

amplifier, Motorola
D1-1N4733 S.1-voltZener diode, or

equivalent
lED1-high efficiency red light-emit

ting diode. GI MVS774 or
equivalent
BR1- S0-volt bridge rectifier, RB11S

or equivalent
Other components
MIC1-electret microphone element
T1-600 -to -600 ohm PC-mount

transformer, 0.7S-inch mounting
center

Jl-modular PC-mount phone jack
51-SPST toggle switch

S2-SPST switch (mounted on po
tentiometer R20)

Miscellaneous: Cabinet, PC board.
%-inch 1.0.rubber grommet,3-inch
B-ohm speake r, knob. modular
phone cord, wire. solder, RTV sil
icon glue, etc.

Note: The fo ll owing i tems are
available f rom Proje ct-Mate .
2727 W. Manor Pl., Seattle. WA
98199 (206) 2834700:

• A kit cont aining a PC board and
all listed parts except the cab
inet , sp eaker. and modular
phone cord-$46.00.
• Pac-Tec cabinet wi th silk
screened front panel-$18.50
• 3-lnch speaker-$3.75.
• Drill ed and plated PC board
$11 .50
• 1C1 and IC2-$18.50
• Ring detector ki t Incl ud ing
piezo transducer-$g.50

Include $3.50 shipping and han
dling and allow 2weeks tcrdenv
ery. 15% discount on orders of 2
or more simil ar items.
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Poten tiometer R20 co nt rols
the volu me a nd is limited In
range by RI9 which sets th e high
level. a nd R21 whi ch sets th e low

LlDl

"•

do ne b y IC2 , a Mo t orol a
MC34119P low-power audio am
plifier IC. Both IC's ca n opera te
from less than 3 volts .

!
iii,.,

i
~.$l'KR 52 ~

FIG. 4-PARTS-PLACEMENT DIAGRAM. Mount the two IC's uest to provide a good
reference tor the rest of the compo nents . Use so ckels fo r both IC's, especially for the 28
pin chip.
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FIG.3-YOU CAN ADO a microphone gain
adjustm ent to allow for different environ
ments and applications. The gain Is the
ratio of R2IR1. With R1 at 1K, the gain is
220, and with R1 at 26K, the gain is 8.5.

Speaker-Mate th rough Tl , a 600
to-600 oh m transformer; Switch
51 in se ries with Tl provides the
a nswer fu nc tion, and when the
circu it is closed (off-hook]. cu r
rent Ilows t h rough BRI which
produces a DC voltage of 6-8
volts . A Zener diode aeross the
outp u t limi ts transient s pikes
and regu lates the su pply to 5. 1
volts wh ich powers the circuit
and optiona l LED!. Th e LED. If
used, shou ld be of the htgh -eftl
clency variety, because R6 limi ts
Its current to 2 rnA to minimiz e
telep hone-loop current d ra in.
The secondary ofTI is fed to ICI.
a Motorola MC34 118P volce
switched s pea ker ph one chi p ,
which con trols all functions ex
cept driving the speaker. Th at Is



FIG.6-THECOMPLETED PROTOTYPE. The Ironl panel included with the kit makes lor
a ntce finishing touch .

EXT.

Co nst ructio n
Because the Speaker-Mate Is

des igned wit h some tigh t lime
co ns ta n ts . It Is h igh ly reco m
mended that sugges ted part val
ues be followed for op llmu m
pe rforma nce . And , alt houg h a
var iety of project ca se s ca n be
us ed. the elect ron ics a nd the
phys ica l layou t were tu ned for
the enclosu re used with th e pro
to type : It Is ava ilab le from many
di fferen t d ist r ibu tors as well as
from th e sou rce mentioned In the
par ts lis t. Th e p roject case comes
with a p rofessi onally screened
fro n t pa n el whe n p u rcha s ed
from that sou rce.

With the exception of tile fron t
panel mou nted componen ts a nd
the speaker, all parts fit on the PC
board : a foil pattern Is provided If
you wa nt to etch your own board .
A pre-etche d board is ava ilable
se pa ra tely, as Is a kit t ha t In
cludes th e PC boa rd a nd all ot her
parts to co mpletely b uild the
Speaker-Mate p roject.

A parts-placement d iagram Is
shown In Fig. 4 . Mounting th e
two IC's first gives a good refer
ence for the res t of the compo
nen t moun ting. Double check
the polar ity of each IC before sol
dering. a nd no te that pin I goes
on t he sq ua re pad o n t he PC
boa rd . (Inc identa lly. t he other
squa re pad s ind icate jumpers or
external leads .) It Is suggested
that you use Ie sockets for both
Ie's , es pec ia lly for t he 28-pl n
ch ip.

The resis tors can be moun ted
next . their clipped leads can be
used as ju mpers (J ) where neces
sa ry. However, d on 't Ins ta ll th e
jumpers at th is time. Diode 0 1.
bridge recti fier UHt. and the elec
trolyt ic ca pacitors a rc polar ized
and sho uld be checked carefu lly
befo re moun ting . The p ho ne
jack. J1. has plastic "fee t" on th e
bottom of It. After pos ition ing
the jack on the PC board. the feet
shou ld be melt ed a pa r t on the
u nders ide of the board wit h the
tip of you r solde ring Iron to pro
vide mechanica l strengt h . Be

continued on p age 66

With H20 con nected to Vcc- the
calling s ta tion wlll have the s ligh t
cap tu re adva ntage . a nd of the
th ree op tions. we fou nd that H22
to ground worked best.

level: The low end Is set to not
completely tu rn off th e audio a nd
the h igh end limits th e curre nt
requi red by the power amp lifier
to wit hin the param eters allowed
by the telep hone loop cu r rent.
Excess ive aud io wou ld create a
pumpi ng sou nd due to the volt
age d ropping on aud io peaks . Po
ten tiometer H20 can be eit her
linea r or audio ta per with very
little effect on the sou nd . due to
th e limit ing res is tors .

We found it des irable to add a
microphone gai n adjustme n t to
allow for di fferen t env iron ments
and applica tions. Th at was done
by addi ng a 25 K poten llometer
(RI5) in se ries wit h a lK limi ting

resistor (HI6 ). Fig u re 3 s how s
how th e circu it works: the ga in Is
calculated by th e ra tio of H2/R1.
Using the actual values in the cir
cu it , and with Rl at IK. the vol t
age ga in shou ld be 220, and with
Rt tncreased to 26K. the ga in will
red uce to 8.5. In ac tua lity, th ese
figures will be approximately 10
pe rcent less because of other fac
tors . Ideal AC cou pling from th e
microphone (0 .2 I-lF) is provided
by two O. I I-lF ca pacitors In paral
lel (C22 and C23 ): the O. l I-lF ca
pac it ors are much eas ie r to
obtai n .

The oth er components pro vtdc
fil ter ing and talkllis ten lim e con
sta n ts . Res is to r R2 2 , w h en
g ro u nded, provides a p p roxi 
mat ely a 20 percen t captu re ad
va n tage to the s peakerphone
user: withou t it , the u nit will Idle
halfway between lis ten and talk.

•,,,
I

53,,,
J

o

LINEL-+-+

02
1H4002

D1

GROMMET

J2
4.5-6L _ =<>---,vee

FRONT
PANEL
/'

LEADS

FIG . 5- MICROPHO NE MOUNTING
scheme. A rubber grommet Is gl ued 10 Ihe
inside of the fron t panel behind the micro
phone opening. The microphone should
not touc h the front panel, but li lt's too fer
recessed It will give an echo sound.
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.2 FIG. 7- EXTERNAL POWER ADDITION.
$ The part s can be mounled on the rear pan
..... el and wired inlo the board. S3 will switch

the unit between being line-powered and
46 powered from an external source.



MONITOR TESTER
th roug h a 74H C14
Schmitt Inver ter (lC2
d ) Into th e A3 Input of
IC6 (p in 11). That s ig
nal Is the n passed to
the va outpu t (pin 9).
through RIO . to the
base orQI. a nd to IC3 's
eta In pu t (pin 9 ). As a
result. the clock signal
Is divided by live and
used a s a re set. so
every fifth clock pu lse
causes a clea r to occur.

As j ust mentioned.
sh ift register IC3 divid
es it s e L K inp u t
(OSC I's ou tpu t) by five
(5.068815 = 1.01376).
In other words. all of
the "Q" out puts have a
fr equency o f *' t he
clock Input. but on ly
when the chip is reset
by Its own QE output.
The oc output (which
Is also ~ the clock in 
put when the ch ip Is
reset by QEl of IC3 (pin
5) sends th e 1.01376
MHz s ignal to IC4-a 's (a
74LS74 Detyp e Iltp
Hop) Cl.K Input (pin 3 )
where It is further di 
vided by 2. so the net
di vision Is ten.

With th at divi sion by ten. a
506.88- kHzs ignal Is se n t to pin 2
of lC6 (AI ). passed through topln
4 (YI). a nd on to binary cou nter
IC55 (a 741.51 631 e LK Input (pin
2 1. Cou n ter ICS div ides the stgnal
by 16 to produce a hori zon tal
sync of 3 1.68 kHz with a pulse
width of 2 m icrosec onds. Coun- $
ter ICS also d ivides the e LK Input .~
by two for gene ra ting blue (gA. ...

pin 14). by four for red (Qu. p in .~
13 ). a nd by eigh t for green toe.
pin 1 2~ In other words. blu e vtd- ~
co Is ga ted eigh t times the horl- i?
zan tal sync. red video four times . m
a nd green twice . The monitor [
thus lights up with yellow. cyan. ~.
green . magenta . red . blue. black . (IJ

a n d white bars . and th en re
peats . (Noll,' th at the CGNEGA 47
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VGA operation
Referring to th e sche matic In

Fig. t . switch S2 . when closed.
places a logtc "0" (a lew! on p in 1
of IC6 . a 74HC158 quad 2-lIne to
l-Hne se lector. so all "A" Inputs
will be passed to the "Y" outputs.
The output of OSC I. a TTL clock
oscillato r. Is then passed from
pin 14 of ICG (M) to pin 12 (Vol)
and then to the e L K Input (pin 8)
of 1C3 . a 74LSl64 shift register.
(NOTE : It Is important that the
EGANGA switch 52 is in the
proper position for the type of
mon itor In use. An Improper
horizon ta l sy nc frequency can
eas ilycause dam age to deflection
circuits!)

At t he sa me time . the Qt-:
ou t put of IC3 (pin 10) Is fed

Our sync generator lets
you test computer monitors

without having to connect
them to a computer.

Circuit descripUon
The sync generator is a com

p lex fre q ue ncy-d ivider ci rc u it.
The starting pa in t is two TTL
clock osclllaiors---one is 5.0688
MHz (OSC I) a nd t he ot her Is
4. 9152-MHz (05C2 1. Depending
upon two sw itch se t ungs. one of
th e clock signa ls gets rou ted to
various divider s tages . ultimately
leading to th e final s tage. a 4-blt
binary cou n ter.

SERV IC ING COMPUTER
monitors Isn 't a ll too
d ifferent from se rvtc
fog com posrte-v tdeo
monitors a n d televt
s lon se ts . There are
some very Important
dt fferences. however.
the mo st obvtous of
which i s that most
co m p u te r monitors
don't operate on the
NTSC horizonta l fre
quency of 15 .734 kHz
a nd ver tical frequen cy
of59.94 Hz. S ince your
stan da rd video tes t
gear can't be used. you
n e ed a n ew tr ou 
bl esh oo ting too l- a
co m puter-v ideo sync
generator.

Wel l s how you how
to build a "sync gener
ator" that provides
h orizon tal sync. ver
tical syn c. a nd RG B
video for th ree popular
styles o f mo n ito rs :
eGA. EGA. and VGA.
Witho u t co n n ec ti n g
the monitor to a com-
puter. youll be able to
verify vid eo. deflection.
and DC supply genera-
tion. Once repairs are
made. fine tuning adjustments
can be d one wi th the monitor
connected to a compu ter using
ap prop r iate so ftware. However.
using the sync generator first
preven ts ty ing u p a computer
that could be used more prod uc
uvelyelsewhere.
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FIG. 2-POWER SUPPLY. II you don 't have 8 suitab le s-vcn DC po wer supply availabl e.
you can build this one.

fI nt ICla
'M l H4001 l M34DT·5.0 ·'VDC

51
'IN OUT '

I~ II
Cl + GN. l"tnfu ",,,\oF 2 T1

0\.1F
11

1 ~/nVAC -

color seque nce is t he reverse of
VGA.I

Ver tica l sync is ge nerat ed by
se nding horizontal sync to pin I
ofle8-a. a 74LS393 binary cou n-

PARTS LIST

All resistors are Y~-watt, 5%.
R1- 24,000 ohms
R2, R3-5100ohms
R4, Rl 0. R13-10,000 ohms
AS, Al l- lOa ohms
A6, R12-10ooohms
R7-A9-620 ohms
R14-56 ohms
Capacitors
Cl-1000 IJ.F, 50 volts. electrolytic
C2-10 /-IF, 10 volts. electrolyt ic
C3-C13. C16, e ll- D.Ol Jl.F. 50

volts. ceramic
Cl4-0.022 IJ.F. 50 volts, ceramic
Cl5-100 pF, 50 volts, ceramic
Semico nductors
ICl-74HC04 hex inverter
IC2-74HC14 hex Schmitt trigger
inverter
IC3. IC9-74LSl 64 shift register
1C4-74lS74 D flip-flop
IC5-74LS163 4·bit binary counter
IC6. IC7-74HC158 z-une to t -une

selector
IC8- 74LS39 3 dual 4-b it bina ry

counter
IC1O-LM340T-5.0 s-von regulator
05C1-5.0688-MHz TIL clock
oscillator
OSC2--4.9152-MHz TTL clock
osci llator
0 1- 1N4001 diode
0 2. 0 3-1N5711 Schottky diode
01. 0 2-MP56515 NPN transistor
Oth er components
F1-<l,25-amp AGC fast-blow fuse
J1-0E9S a-pin female connector
J2- HO DB1 55 15-pin high.<fensity

female connector
5 1. S2-SPST switch
S3--0 PDT switch
T1-120/6.3VAC transformer
Miscellaneous: AC linecord, wire-

wrap IC sockets . metal enclosure,
wire. solder. etc.

ter; where it ends up divided by
64 at pin 10 of IC8-b a nd fed Into
the CL K Input (pin 8) of IC9 , an
other 74LS l64 shi ft regis ter. Th e
CL R Input to IC9 (pin 9) u ltimate
ly comes from Its own go output
via IC6's A2 Input Iptn 5 ). its Y2

out put (p in 71. Sc h mitt Inverter
IC2-f. and tra nsis tor g 2 . Using
IC9 's go ou tpu t to reset it self
causes a divis ion of Its cIock In
put by 7. Therefore. the horizon
tal sync Is first di vided by 64 by
IC8 , th en d ivided by seven by
IC9 . maki ng a total divis ion of
448, Therefore. a 70 .71-Hz s igna l
{31,G8 kHz dtvtded by 448}with a
60-~ pulse widt h Is sen t from
IC9 pin 3 to pin 14 of J2. a IS-pin
h igh -density VGA con nector, via
CI3. RI3. and Sc h mitt Inverter
IC2-e.

CGAlEGAl operation
Wh e n switch S2 is set to

"EGA:' It pla ces a logic " I" ta
high ) on pin I of IC6. wh ich then
con nects Its "BvIn pu ts to the MY"
outpu ts . When S3 Is set to "Mode
1." It places a log ic "0" (a low) on
pin 1 of IC7 , a no ther 74HC158
selec tor. which con nects Its "A"
Inpu ts to the "Y" outpu ts . Now

FIG. 3- THE AUTHOR'S PROTOTYPE.
Perf or ated construct ion bo ard and wi re
wrap techn iq ues were u sed to assemble
the project.

IC7 us es aSC I as Its ti m ing
so u rce wh ich Is In put at p in 2
a nd ou tpu t at pin 4 . That. In
turn. Is Input to pln 13 0fl C6 and
ou tpu t at pin 12. From pin 12 of
IC6, OSCI is to IC3 5 CLK Input
(pin 8 ). Because IC3 5 QI': outpu t
(p in 10) Is tied back to its CL R
Input Ipln9)vla IC7 plns 5 and 7,
IC6 pins 10 and 9. HI, and g l,
IC3 d ivides OSCI by five.

Ou tpu t QC of IC3 . wh ich Is also
OSC I!5 because QI': Is used as the
clea r s ignal, rou les 1.014 MHz
(5 ,0688/5 ) to pin 3 ofIC4-a . caus
ing fu rt her divis ion by fou r at pin
9 oflC4-b for a total d ivisio n of20
(253.44 kHz). The 253.44-kHz
ou tp u t from IC4 pin 9 Is con
nected to pin 3 of ICGvia IC7 p ins
11 and 9. The inpu t topm a orrca
Is ou tpu t at p in 4 . a nd from the re
It goes to 53 and the C LK In put of
lC5 (pin 2~ After IC5 di vides the
253.44 kHz by sixteen . the hori
zon ta l sync measu res 15 ,84 kHz.

Ver tical sync Is generated by d i
vid ing hor izon tal sy nc (15 .84
kHz) by 256 at p in 8 of IC8 . That
ou tput con nects to C12. Rl , IC2
b. a nd pin 14 ofl C7. The 6 1.88 Hz
vertical sync s igna l with a i90 J.LS
posit ive pu lse wid th Is then sen t
to pin 9 of ou tput jack J I via IC7
pin 12.

EGA2 operation
When 52 is set to "EGA." it

p laces a h igh on pin 1 of IC6 .
whi ch then se lects Its MB" inpu ts.
With S3 set to MMode 2 ." It places
a h igh on pin I of IC7 so It also
selects "B" Inpu ts . With the "B"
Inpu ts se lec ted , IC7 uses OSC2
as Its timing so u rce a nd 4 .9 152
MHz passes from pin 4 of IC7 to
pin 13 of IC6. The s ignal then
con nects to IC35 C I.K In put (pin
8 1 fro m pin 12 of IC6 . The QG

ou tpu t from 1C3 Is connected to
ICG pin 10 via IC7 pins G a nd 7.
The signal is then output a t pin 9
of IC6 . a nd con nects back to the 1i;
C L!( Input (p in 8 1 of IC3 . The E

.~OSC2 signal is di vided by seven "'"
by IC3 producing 702.17 kHz at ~

IC3 5 QC outp ut. Th e QC ou tput ~
from IC3 ties to IC4-a, whi ch ::c
causes a n addit ional d ivis ion by ~
2 . for a net of 14 . The 35 1.08 kHz m
from IC4-a p in 5 Is con nected to ~
IC55 c t x Inpu t (p in 2) via IC7 0
p ins 10 and 9 . a nd ICGpins 3 and ~
4.The s ignal Is fu rther divided by

con tinued on page 94 49
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lim iting device must be wired In
series wit h It. The cu rren t-limit
Ing resistor value can be calcu
lat ed for a speclfle forward cu r
rent . IF' and supply voltage. Ys
as shown in Fig. 3 . being .

R = (VS-VF)tlF.

In practical applic ations . the
series resistor ca n be con nected
to either the anode or the ca thode
of the LED. The LED brightness
Is proportional 10 the LED cur
ren t ; mo s t LED 's will operate
safely up to absolu te maximum
cu rre n ts of 30 to 40 milli amps .
With a DC supply voltage and a
suitable line dropping resistor.
t he cu rren t through the LED
sho u ld be mal ntatned at a con
stan t value of approxi mately 20
milliamps .

An LED can be used as an in
di cat or in an AC circu it by wtrtng
a d iode tn Inverse parallel with It.
as shown in Fig, 4 . The diode p re
vents the LED from becom ing re
versed biased on t he negative
half of the s ine wave cycle. For a
given br ightness . the line drop
p ing resistance value In an AC
circu it should be one half that
used In a DC circu it. When an
LED is used in an AC circuit . the
forw ard c u r re n t co n duc ts
th rough the LED only durtng th e
positive half of th e s ine wave cy
cle. after the LED has rea ched I ts
threshold volt age of abou t 1.5
vol ts. Therefore. the LED co n 
ducts cu r rent less than one half
the time In an AC circu it as It
docs In a DC circ uit. In order to
ach ieve the same average cu rrent
through the LED with an ACsu p
ply. approxlmaiely twice a s much
cu rren t mus t flow so the resi s 
tance value mu st be reduced by
one half.

One of the first problems you
w111 encounter when using a n
LED Is id en ti fying Its polarity.
The cathode on most LEOs Is
Identified by a notch or fla t sur
face on th e component. or by a
sho rt lead . That practice Is n ot
un iversal. h owever. so the only
acc urate way to Ide n ti fy the po
larity ofa n LED Is to test II In the
basic ctrcu tt of Fig 3; try the LED
In both position s . when It glows.
th e ca th ode Is the mos t negative
of the two terminals . It Is always a
good practice to test an LED be 
fore soldering It onto t he PC
board.

v,
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WITH
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AVAlANCHE{ ~ VOLJAGE
REGION

,
A G. 2--GRAPH SHOWING REVERSE bi
ased LED respondIng as a Zenc r diode.

CATllOOE II()

1,,0,
ANODE(Al

COLORI~OR.A1l G EI YELLowj GREEN

~~
A G. 1-LED SYMBOL AND TYPICAL l or
ward voltages ot standard LED's at IF""20
milliamps.

FIG. 3-METHOD OF FINDING the current
limiti ng resistance value lor a given Vs
and IF'

Wh en an LED ts used, a re
sistor or other suitab le cu r ren t-

We begin our in-depth survey of opto
electronic systems by taking a close
look at a wide variety of LED circuits.

O I'TlCAL ELECTRONIC Dfo:V1CES ARE

so wtdelyu sed In loony's consu m
er-electron ics tha t It 's hard to
come across a product t ha t
doesn 't use light-emitting diodes
(LED's) In one way or a nother. If
you 've ever had a need to us e
LED's or specialized flashing de
vices In your circu it .design. we
mi ght be of some help to you.
We'll start by presenting some
bas ic In formation on LEO s . then
wel l ta ke a look at some multi
LED pa cka ges . Finally. we'Il
round-o ff with a d iscuss ion of
d ifferent types of flasher circuits
used for con trolling LEOs .

LED bas ics
LEOs are com mo nly used as vi

sual Indicators because of their
fas t res pon se lim e and h igh effi
c iency. When compared to tung
s ten-filamen t lam ps , th eir typical
energy conversion effic iency Is
ten to fifty times greater an d their
response time ls one h undred to
one thousand times fas ter. LEOs
are Widely available In red. or
ange. yellow a nd green colors.

Figu re 1 s ho ws the standard
~ LED symbol and typical forward

vo ltages o f different co lored
~ LEOs . The device Is a gen ui ne
.?i diode. an d a voltage of approxi-

mately 2 volts Is produced across
~ It when It Is passing a forward

._~ cu r rent of 20 m illiamps . If an
e LED Is reverse b iased. It will ava 
w lanche or "Ze ne r" at a fairly low
~ voltage value. as shown In Fig. 2.
a:: Most LED's have maxi m u m re-

verse voltage ra tings In the range
50 of 3 to 5 volts.
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Multi-LED circuits
A number of LEOs ca n be driv

en from a si ngle sou rce by wiring
all LEOs in series as shown In
Fig. 8 . The supply voltage u sed In
that c ircuit Is equal to the su m of
the individual LED forward volt
ages a nd the voltage drop ac ross
the line-d ropping resi stor. The
li n e-d ropp in g resis tance va lue
ca n be calcu la ted by using th e
eq ua tion

FIG. 7-MULTI-COLOR LED; Ih is LED
gives four colors fro m two Junctions as
shown in the current ratio s given In the
table.

though " second grade" LED 's
may be suitable for many applica
tions , its a lways a good Idea to
test those devices before using
them in your circ u it, as we said
ea rlier.

R-(Vs - VFT)/IF •

The total forward voltage, V~..,. , Is
th e sum of the forward voltage
d rop of each LED.

Th e circuit shown In Fig . 8
d raws min imal total current , but
is limited In the number of LEOs
tha t it ca n drive. A number of
those series LED c irc u its can .

FIG. 8-LED's WIRED IN SERIES and driv
en by a single current-limlUng resistor.

well-known type o f m ulti -LED
package Is the bar-gra ph di splay,
whi ch is made up of ten to thirty
lin ea r ly-mounted LED's . An ex
ample ofa ten -elemen t LED pack
age Is shown in Fig. G-a .

Most LEOs provide on ly a s in
gle ou tpu t color. There are, how
ev er, a fe w s pec ia lized LE D
packa ges that provtde mult i
color ou tpu ts . Those devices ac
tually cons is t of two LEOs con
tai ned in one package. Figure G-b
s h ows a b t-color LED which Is
compr ised of a pai r of LEOs con
nected in inverse pa ra llel. T h e
color green Is emltled when the
device Is biased in one direction ,

»

FIG. 6-MULTI-LED PACKAGES; (s) is a
tc-elemem LED, and (b) Is a 2-color LED
which contai ns two LED's connected in
Inverse parallel.

a nd red or yellow Is emi tte d when
It Is biased in the reverse dtrec
Lion. Th e bi -color LED is u sefu l
for g iving polarity in d ica tion an d
n ull detectlon .

Ano the r type of mult i-colo r
L1':D is s hown In Fig. 7 . Th is four
color LED Is made by mounting a
green an d red LED In a a-pm
common-cathode package . Th a t
device can gene rate gree n or red
colors by turni ng on a n i)' o ne
LED at a lime, or it ca n genera te
orange and yellow by turning on
th e tw o LEO's in the cu rren t
ratios shown in the table.

A very im p or ta n t pra ctical
poi nt concerns the use of "sec
e nd-grade" or "ou t-o f-spec" de
vice s advertised as barga in
packages . Those device s often
have forward voltage drops In the
range of three to ten volt s . AI-

LED packages
LED's ca n be purchased as s in

gle components. as s hown in Fig.
I. or in a mu lti -LED package. The
mos t common type of multi-LED
package Is the 7-scgment di splay.
comprising seven or eight LED's
packaged for displaying a lpha 
numer ic c ha racters. Another

Special mounting k it s a rc
availabl e for secur ing LED's onto
PC board s a n d fr o n t p anels .
Those kits cons ist of a s pec ia l
mou nting gro mme t and grooved
r ing s hown In Flg.S·a. If moun t
ing ha rdwa re is n ot ava ilable .
you ca n d rill panel holes and ei
ther epoxy th e LED In to place or
solder its leads Into a PC board .
wh ich ca n s u pport the LED. Thai
method Is shown In Fig . Sob.

MOtJIffiNG
GROMMET RETAI NI NG RING

lIi TALl EDlI J __

s-t

l PO'"

,-_l_ED,G_~_T ,,~~~t
+

R1

ell
FWlEL LEAD WIRES P.C. sOARD

EPOXIED 8ACXEDBY P.C.1lOARD,
FIG. 5-LED MOUNTING METHODS; (s )
shows an LED mounting ki t consisting of
a grommet and retai ning ri ng, and (b)
shows an LED mounted in a drilled hole
wtlh epoxy or soldered leads.

FIG. 4-AN LED USED IN AN AC circuit ; 01
is wired In Inverse parallel 10 prevenl the
LED lrom being reverse biased .

•
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FIG. 14-FOUR-LED DOUBLE-BAR flash
er In a "erose" configurall on: the flashing
rate Is variable from 1Sto 2000 flashes per
minute.
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LED with a s hort circuit.
An IC version of t he 2-LED

flasher Is s hown In rig. 13. That
design is based on the depend
able 555 timer ch ip. or its more
modem CJ\.tOS co u n terpart . the
7555. The IC Is wired In the asta
ble mode. with its time constant
determi n ed by R4 and C l. The
output a t pin 3 of the IC alte r
n a te ly s wi tc h es b etween t he
groun d and th e positive s upply
voltage. alt ernately s hor ting ou t

FIG.13-TWQ-LED FLASHERcircuit oper
ates at 1 Hz using 8 555 or 7555 timer IC.

FIG. 12-TWQ-LED FLASHER circuit oper
ates at 1 Hz: 01 and 02 respond as astable
mul ti vibrators while LED1and LED2 alter
nalely flash on and off,

rent . leaving litlle or none left for
the rem aining LEOs .

Three Widely u sed types ofVist
ble-outpu t LED -control c irc u its
a re those used for LED Ilashtng.
LED seq uencing. a nd LED dot or
bar analog-val ue Indication. LED
flasher ci rcuits a re designed to
tum an LED alternately on and
off. to give an eye-catch ing di s
play action. Those circuits may
con trol a single I~ED. or they may
be designed to con trol two LEOs
In s uch a way that one turns on
as the ot her turns orr.

A speci al LED -flasher IC Is
ava ilab le. the LM3909. wh ich
ca n be used to flash an LED from
a low voltage DC s upply. an d does
so at a very low average cu rren t
level. So me pract ical LED flasher
c ircu its u s in g the LM3909 IC are
s hown later in this a rticle .

LED sequencer circu its a re de
s igned to drive a cha in of LEOs
so that eac h LED In the chain Is
switched on a nd off in a time
co n trolled seque nce . so that a
ripple of ligh t see ms to run along
the cha in .

LED analog-value tndtcator ctr
cu lts a rc des igned to Visually ap
pea r a nd respond as a n analog
meter. An analog-va lue LED clr
cu lt drtves a ch a in of linearly
s paced LEOs In s uch a way that
the len gth of the cha in that Is
illumin ated is proportiona l to the
analog value of a voltage applied
to the Input ofthe d rfver c ircuit ,

LED-flasher circuits
One of the s implest types of

LED display c ircu its Is the LED
Hasher, in wh ich a s ingle LED re
peatedly s witches a lternately on
a nd off. usually a t a rate of one or
two flashes per seco nd. A 2-LEO
flasher is a s imple mod ification
of th is ci rcuit. but Is a rranged so
that one LED s wn ches on when
the other swi tches off. A 2-LED
transistor fla s hing c i rc u it Is
s hown In Fig. 12.

In the Ilasb tn g circ u it shown
In FI~. 12. g l and Q2 a re wired as
astab le m u lll vib rators . with
the ir s witch in g speed s deter
mined by time con s ta nts H3 x CI
an d R4 x C2 . Th e circ uit operates
at about I flash pe r second using
th e com pon e n t va lu es s hown.
The 2-LED flash in g circu it can
be conve rted to sl n~lc- LED oper
a tion by replacing the u nwanted

• v.

~ R1
r,---~ I

,/~lID~Lro~LED3
?

AG. l 1-NEVER USE THIS LEOdriv ing c fr
cuil One LED will draw all of the curre nt.

.v,
o

.v,
o

FIG. 9-A NUMBER OF SEAlES LED ctr
culls can be wired In parall el, to drive mul
tiple LED's.

R1 f ' R2

~lEDl LEa.
,/ ,

@ LE02 / lED5
'/ ' /
~LED3 ~ LE06
'/~~~

~

FIG.to-THIS CIRCUIT CAN DRIVE a larg e
number 01 LEO's, but at the expense 01
h igh current.

however. be wired In parallel. so
th at almos t a ny nu mber of LED's
can b e dri ven f rom a smglc
sou rce. as s hown In the 6-LED
circu it of Fig. 9.

An alte rnate but les s efficien t
method ofdr iving mul tipl e LED's
Is to s im ply wire a number of
dropping res is tors and LED's in
pa rallel. as shown In Fip;. 10 .
That type of ci rcuit will work. but

~ It draws a significant total cu r-
rent. wh ich is equal to the s u m of

~ the Individual LED cu rre n ts .
... Since we're on the s ubject of
'l h ow to conn ec t mult iple LEOs ,
~ lets d iscuss what not to do. Never

_'~ h o o k -up multi pl e LED 's a s
~ s hown In Fig. I I. That circu it will
W not work properly because of In
~ evl tab le d iffe ren ces In the for
a: ward-voltage ch a rac ter istics of

the LEOs , on e LED wIll u suallv
52 draw most of the ava ilabl e cur-



AG. 15--1NTERNAL CIRCUIT AND exter
nal conn ect ions 01 the LM3909 low-volt
age LED flasher IC.

st ngte 1.5-volt cell.
Th e LM3909 requ ires the addi

tion ofon ly a battery a nd a ti m ing
ca pacitor to fu nction as an LED
Oash er. The In ternal c ircu it of
this IC. together with typi cal ex
ternal co n nec tions for 1.5-volt
flasher ope rat ion . arc sh own in
Fig. 15 . In that par llcular a p 
plication. th e LED receives cur
re nt via t h e 2 7 0 - f.l. F ti ming
ca paci tor CI. Rl . a nd Q3 for on ly
about 1% of the ti me. All tran
ststors except Q4 are off for the
rema in ing pa r t of each opera ti ng
cycle . Resi s tor R9 draw s only
about 50 IJ,A. Th e timing ca paci
tor C lls cha rged th rough R2 and
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and disabling LED I or LED 2.
The flashing circu it can be con 
verted to single-LED opera tion by
shorting ou t the unwanted LED
a nd Its associated cu rre nt-Iim lt
InJ.! resistor.

A visually In teres ti ng display
ca n be p rodu ced with a useful
modifica tion of th e above ci rcu it.
shown In FI,:t. 14. Two pairs of
series-con nec ted LEOs are con
nected In the form of a cross so
th at the visual display alternately
switches between a horizontal
bar (LEDI and LED2 on) and a
vertical bar (LED3 and LED4 on).
The nash rate Is made variable
via potentiometer R5 a nd ca n
runge between 15 and 2000 flash
es per seco nd .

A G. 19-VARIABLE-RATE FLASHER.

AA 3 MONTHS 6 IAOHTHS

C 1 MOtITHS 15MONTHS

o 15 MOUTHS 30 ~1()tffilS

ESTIMATED BAT TERY LIFE
CEl l UNDER com lNUOUS 1.5VOF FlASHEROf'ERAJIOfI

SIn: SWlOARO AlJ(AlINE
CEU CEll
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FIG_l7-MINIMUM POWER. lon ger li fe,
1.1-Hz Ilasher. Average dra in current Is
0.32 mil liamps.

AG . 16-lED FLASHER USING 1.5 VOLT SUPPLY. TABLE shows est imated battery
life under continuous 1.S-volt LED fl ash ing operati on.

H3 and through R5 con ne cted be
tween pi ns I an d 4 of th e IC.

Trans is tors QI through Q3 re
m ain o ff until C I b e come s
charged to abou t I volt. That volt
age is determi ned by the Ju nct ion
drop of Q4. Its base-em itter volt
age divider. consis ti ng of H6-R7.
a n d the Ju nctio n d ro p of QI.
When t he voltage at pin I be
comes a volt more n egative than
that at p in 5 ( + VsI. QI begins to
conduct a nd turns Q2 a nd Q3 on .
The IC then s upplies a pulse of
h igh cu rrent to the LED. The cur
ren t ga in of Q2- Q3 Is a pproxl
mately 500. Transis tor Q3 ca n
handle over 100 mill iamps of col
lec tor cu rrent . and rapidly pulls
p in 2 close to grou n d . p in 4 .
Si nce C lis charge d at that time.
It forces the pi n I termin al bercw fu
th e grou nd pote ntial value. As a _ ~
result of the pin I termin al being -e
less than the grou nd potential. 18
th e one-vall drop across the LED N
Is greater Ihan the s upply voltage o~,
value-c-Rt then lim its the LED
current to a safe value. m

C a p a c ito r C I a lt e r n a t e ly a~-~'
charges via the timing res istor _
R5 a nd discharges via th e LED
a nd Rl In t his a ppli ca tion. In
s o me ot her a p p lica tions . t he 53

AG. 18-FAST 1.S-VOLT BUN KER: flas h
rate Is 2.6 Hz and drain currenl ls 1.2 milli
amps.

Flasher rc LM3909
A seem in gly trivia l task that

someti mes faces the design engi
n eer Is that of providing illumi
nated power Indi cation ofthe ON
sla te of an electronic unit or Ihe
location of a passive device such
as a fire exnngutsher or emerge n
cy switch In a da rke ned room.
LEOs operate reliably when mai n
power Is available. bu t a serious
problem a ri ses when battery
powe red eq ui pme n t Is Involved .

LED ind icators typi cal ly draw
abou t 12 milliamps when illumi
nated and ca n therefore place a
fairly heavy s tra in on small sup
ply batteries . Since LED 's drop
two or more volts under the ON

cond it ion . they can no t readily be
powered from battery voltages be
low about 3 volts .

National Sc m tco n d uc tor pro
vides a n ingenious solution to
the problem of LED power drain
a nd opera tion from weak bat
teries wit h the B-pin LM3 90 9
LED nasher/osclllator IC. The
LM3 909 IC is a low-duty-cycle
(b rief O N period . long O FT period )
oscillator that provides a voltage
doubled . h igh -curren t pulse to
a n external LED. High pulse cu r
rents of up to 100 mill iamps are
produced from th e IC. while stili
drawing very low <J vcraae cu r
rents of abou t 0 .3 to 1.5 m illi
amps. Because of th e voltage
doubling capab ility. th e LM3909
can nash an LED even when
powered from battery voltages as
low as 1.1 volts. and ca n provide
months. or even years. of con ti n
uous flas hing operation from a



tor and LED arc Inst alled Inside a
translucen t ca p mounted on the
end of the flashligh t. An Insu
la ted con tac t s t r ip con nec ts to
the pos tuve termin al of th e ba t
tel}' a nd passes through th e case
for connection to pin 5 of the IC.
The negattve te rminal of the ba t
tery connec ts to pin 4 (gro u nd) of
th c IC, If a s ingle-ceil lig h t Is
used. short pins I and 8, Draw
ing cu rren t through th c lamp fil 
a ment s im p li fies wl rl n~ a nd
causes n eg li g ibl e p ower loss
s ince th e resista nce ofa cold bulb
Is less th an 2 oh ms. R-E

lum tn a u on a n d h a s a ra th er
modes t battery d ra in of about 4
m illiamps .

All of the LED Hasher circu its
we have di scussed in Ftgures 16
through 20 are Int ended for oper
a tio n from 1.5- or 3-\'011 su pplies .
The LM3909 ca n a lso b e used
with m uch hi gher s u p ply volt
ages . ranging from 5-200 volts
DC. The internal 6 .5 -volt Zener
di ode. wired between pins 2 and
4 of the IC. reg ula tes the voltage
between the LED ca t hode a nd
grou nd . Those circu it configu ra 
tions ca n be made wlth a mi ni 
mum nu mber of ex ternal compo
ne n ts, as shown In the schema tic
of Fig. 2 1.

As a final ci rcu it suggestton .
you can built a useful flashllgh t
fin der s h own In Fig , 22. T h e
LM3909 . 200-j.LF ti m ing ca pact -

'", FlASHING
CI " 1R2 Vv.fWlGE

fREQUENCY,Hz

6V '0 '00,,' 1K 1 51< 5-25V

15' " 180llF 3.9K lK 13- 5OV

lOOV 17 180I-lF 43K 1K !5 -200V
lW

ble from zero to 20 Hz via potenti
ometer R4, Resi s to rs RI and R2
a re used to s tab ilize th e d u ty cy
cle of the circuit and maintain a
fairly s teady appa ren t brightness
level as the nashIng ra te Is varied .

Th e Fig. 20 circu it Is designed
to gtve appare n tly conti nuous il
lumination of the LED wh en
powe red from a 1.5-volt cell. The
c i rc u it ope ra tes a s a 2 -k l-l z
squa re-wave genera tor : resistors
RI and R2 are used to a pproxi
mately cquallze the ON a nd on ·
times of th e gen era to r. The ci r
cu it gtves a fai rly d im LED II-

AG,22-A SIMPLE FLASHLIG HT FINDER; THEl M3909. capacilor and LEDare installed
Inside a translucent cap mounted on the end of Ihe banery.

~ \
RlIIG CONTACT CO NTACl

ON BULB SI R\?
ASSEMBLY

ra te of 1 Hz, The average drai n
cu rren t for that circu it Is 0 .77
milliamps . which Is more than
twice the drain cu r ren t of the lo5
volt Hashing circu it.

Another va riatio n of the 1.5
volt flasher shown in Fig, 18 oper
a tes at a frequency of 2 .6 Hz. In
that circu it. th e in te rnal ti ming
res is tors are shu n ted by an exter
n al I-kiloh m resistor: th c charg
Ing time consta nt Is reduced . th e
duty cycle Is decreased and th e
average cu r ren t drain r ises to 1,2
m illiamps. Th e circu it gives a far
more n oti ceable flas her Ind ica
tion than th e three p revious ctr
cu lts . but at th e expense of a
much htgher cu r ren t dra in .

If you enjoy exper iment ing
with circu its . you ca n build th e
variable-rate flasher s h own In
Fig. 19 , The flashing ral e Is varia-

FIG, 21-THIS WARNING FLASHER CAN OPERATE wilhln a vo llage range of 510 200
veue accordi ng 10 capacllor and resistor values spec ified in the table.

R1
sec
um

CI •
.l ~

,-- ---, .
, 7

3 lM3909 ~6'-+{>i-)~
• 5

sh ort be tween pin s I a nd 8 can be
removed. enabling the capac itor
to cha rge through a tota l of 9
klloh ms . Increasi ng the d ut y cy
cle and reducing th e average cur
rent drawn. If voltage boosting Is
not needed . loads can be wired
d irectly between p in s 2 an d 6 or
pins 2 and 5 of the IC.

The LM3909 IC is thus a fai rly
ve rsa t ile dev ice . A variety of
useful applica tions are shown In
the rem aining part of thi s a rticl e.

Practical LM3909 circuits
The LM3909 circu its shown In

Figs . 16 a nd 17 ca n be used as
lo cator b ea cons for fire ex 
tinguishers . emergen cy switch
es . an d boat-mooring floats be
ca u s e o f th ei r lo w vo lt age
opera tio n and low cu rren t drain.
The circu it s hown In Fig. 16 gives
a brief flash on ce every second or
so . and typical ly draws an aver
age cu rren t of on ly 0 .63 milli
amps. As sh own in th e table. that
circ u it will con ti n ua lly ope rate
for th ree to thirty months from a
batte ry. d ep ending on the s ize
and type of cell tha t is u sed .

An even lon ger life can be ob
tained from th e minimum-power
flasher circu it shown In Fig. 17.
That c ircu it Is s imilar to the one
described above. exce pt that th e
sho rt Is rem oved from be twee n
pi n s I and 8 . ca us ing the ca paci
to r to ch arge via 9 kllohms of In
ternal IC res is tance IR4 + R5 J.
Th e IC th en operates with an in
creased duty cycle. a nd reduced
average cu r ren t is drawn. That
c ircu it h a s a ty p ica l cu r ren t
dra in of 0 .32 milliamps.

A circu it s im ilar to that of Fig.
17 ca n be des igned for use with a
g-von power s upply. For 3-volt op
era tion . the timing ca pacitor val
ue shou ld be in creased to 270 JLF
for approximately th e samc flash

C2

"'"_I t:
. R2 L--====-3-+ 81 \ \~ san 1.5V

~ FIG. 2o-HIGH EFFICIENCY LED Indicalor
... gi ves seemingly "co nl inuous" ope rallon

from 1.5 va lls. The currenl dra in Is 4 mnn
54 amps.
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JAMES J. BARBARELla

wh ich a compu ter may read the
digita l ou tputs for di splay or s ub
seq ue nt analys is .

The ADC0804 accepts an ana-
log Input of0-5 volts DC and con
ve rt s it t o a binary number
between 0 and 255. With a max
Imum range of 5 volts . and 256
s teps be tween 0 and 5 . reso lution
is 5/25 6 = 0 .0 195 volts . or a lmos t
20 m illivolts . So for a ny analog
input voltage between 0 .00 00
and 0.0195, th e ADC0804 w ill ~
produce a b ina ry 0 {OOOOOOOO}: . ~
for any voltage between 0 .0195 -e
a n d 0 . 0 390 . a bi nar y I i2
(0000000 1). and so on . .f\)

'Twen ty mi llivolts may seem like ~
more than enough resolution. 9'
but what if you wan ted to mea- m
s u re a s ignal with a maxim um ~.n~'
valu e of 40 millivolts ? You'd only _
be able to di stingu ish two values
in the given range. That's wh ere
the s tan al- con dt tton tn n portion 59

pending on the speed ofyou r PC)
da ta po in ts per seco n d.

This ar ticle shows you how to
use the ADC to build an accu rate
tem peratu re sensor. bu t Its easy
to modify the ci rc ui t to accep t
other types of analog Inpu t d e
vices.

Circu it theory
As shown In th e block d iagram

of Fig. I. the circ u it cons is ts of
two functional blocks : a s ign al
cond it ione r a nd an NO con vert
er. Th e signa l con d it ioner is a
va r iab le-ga in amplifier with an
adjus table DC offset th at a llows
you to ca librate the circ u it for a
variety of se nsors. l b understand
why ca libration is necessa ry. let 's
look a t the IC that docs the actual
a nalog-to-d tgt tal co n version . a
s tandard eight-b it device called
the ADC080 4. Unlike a tr-adl 
uonal voltme ter. th e AD COB04 re
s po n ds to AC voltage cha nges
very qu ick ly, In fa ct at a rate
greater th an 1000 per secon d .
T h e ADCOa 04 co nve rt s ea ch
sam p le t o digital form . a fte r

EXPERIMENTING WITH
ADCFOR
YOUR PC

I N Pl m VIQUS ARTIC L E S , W E INTRO

duced severa l gen era l-pu rpose
analog a n d dt gt tal l/O systems for
the PC. (See "Ex p eri me n t ing
With PC-Based Test Eq uipme n t"
In May. June. and July of 199 1.)
The Jirsllns tal lment described a
test instrument for measuring
ca pacitance: the seco n d d e
scr ibed a digital HIe m eter; Both
de vices interfaced to the PC via a
s tandard parallel po rt. The third
Installment described a s im ple
PC expa nsion card , the PC 10 .
that adds 24 di gital I/O lines by
means of an 8255 Parallel In pu U
Output (PIOI device . the s tan 
dard In th e PC a rch itec tu re.

In th is article, we 'll build a very
low cos t a nalog-to -dtg tta t co n
verter lADe) interface th at allows
you to measure temperature. dis 
placement. audio s ignals . a nd
any oth er 0-5 volt analog signal.
Our ADC builds off the PC 10 : By
adding an amplifier and AD C cir
cu it. and some sim ple BASI C
software. you can ca ptu re and
di spl ay data and log it to your PC
at a ra te of 1000 (or more. de-

Build our low-cost
data-capture
system and let your PC
measure temperature, displacement,
and other quantities.



FIG.1-BLOCK DIAGRAM shows the two major sec tions of the enecn, an amplifier and
the ADC proper.

positive q uies cent DC voltage
from an inpu t device.

The ADC Is IC2: It Is co nfigu red
for a Iree-runu tn g m ode t hat
samples the input signal (pi n 61
con ti nu ous ly. 1b ensu re that the
NO is initialized properly. th c
software drives pins 3 (WH) an d 5
lll'..ml low momentarily on star
tup. Thc e ig h t d ig ita l outputs
(lC2 pins 12-1 81drive the PIO d i
rec tly. by way of Pl .

A pair of 9-\'011 batteries s u p
plies power for the op-amps: the
host PC s u pplies + 5 -voH powe r
for the voltagc-d tvtder circu it and
IC2 via p in 25 of PI. Doing so
ens u res a more s ta ble reference
voltage than If the batt crtes were
used . Of course . you 're free to use
a dual-polarity power s u pply in
place of the batteries .

Temperature sensing
A s ta ndard 2N2222 transis to r

ca n read ily serve as a $0 .20 tem 
perature sensor. Rcfe rrlng to Fig.
3- a . n ote th at the emitter a n d
base of g l a re s hor ted toge ther.
That connection provid es a d i
ode-the base/collector ju nction .
When power is applied across the
junction. we would expect a co n
stant d ro p of a bout 0 . 7 volts
across It . The term abo u t is Im
po rtan t here . because the ac tual
drop depen ds on the temperature
of the ju nction .

8 DIGfTAL
litl l lllES

OI..T PCPN'ER
OATA

s ta n da rd 14 58 (d u a l 74 1) op
amp. One op-am p (lCI -a ) ampli
fies the input voltage by the ra tio
- R3!R6 . With the va lues s h own .
that 's a voltage ga in of - 10. Re
s is tor R8 en sures minimum DC
offset from ICI -a . The second op
a mp (lCl-b ) a lso fu nctions as an
a mplifier. bu t in th is case. volt
a~e gain Is - (R5+ R I I I/ R7 .
wh ere Rll Is a 15-tu m . 10K po
tentiometer that a llows the ga in
to be adjusted betwee n values of
- 1a nd - 2 . Like R8 _R9 ensures
mi n imum DC offset from ICI-b .
The two inversion s in the op
a mps result in a non-Inverted
output s ignal.

The voltage d ivider co nstst tng
of R2 and RI2 allows In sertion of
a DC offse t vol tage of 0-- +2.5
volt s DC. Th is ca n offse t a ny

lWN

I I
lWN Ml

I """"TOR

DC ~ ~ . 5-V

OffSET f.-wRrTE
-

DC INPUT

The circuit
Refer rt ng to the sc hematic dt 

agram shown In Fig. 2 . rei Is a

of the circu it comes In. By amplr
fy ln~ the s ignal so th a t It has an
effect tve range close to the max
Im u m range of th e fC. we can
break it down In to much finer in
cre me nts . an d then let software
scale It back to the a ppropr iate
value.

T he DC offs e t porti on of the
s ignal cond it ioner lets us cancel
any s teady-s ta te DC voltage and
measure only the cha nge In the
DC voltage. T hat's requ ired for
the temperature sensor probe.
wh ich Is bu ilt a rou nd the base
collector junction of a s tanda rd
2N2222 t ransistor. More on that
In a moment.

Pl i
I z 3 • 5 6 7 • 25 17

R2 . 12
1K 10K oesrr., R3

.,..
" 17 16 15 14 lJ 12

'" l MIG •• R5 .- DO 0' 0' 03 ... 05 0610K ' OK
07 11R6

' OOK

~~ I
' 1'

6~ 10K voc 20

IJI _ lWN
IC2

~V 4 • 7 6 .v• 3
5 1C1y 7 ADC0804 ..

Jl ' OK ~ ./' .DC INPUT '111458 ,Nffi 5
.,,! 1458

-v Ct. E..-
.v cs RO - V,. G. Go '10Ct.

R8 .. , , 7 • 10 • 16K
lOOK

10' "1 ,.-.1 C, ar

'''''' 'N .v
. 1----1.-.0

"'N -v1--- -1 .-.0

FIG. 2-GOMPLETE SCHEMATIC shows Ihe two gain stages (1C1-a, IC1·b) and Ihe AID
60 converter (IC2~



PARTS LIST The software
The Qu ickBAS IC program that

reads the voltage ou tp u t of the
circu it and converts It to a tem
perature Is shown in Listing I:
note that line n u mb ers a re tn 
eluded for reference only. (The
softwa re is also ava ilable on the
RE - B BS . 5 16 -2 93 -228 3 .
1200/2400. 8NI, as a file called
PCAOMATE.LST.) The p rogra m
requ tres seve ra l cons tants to
work. Rat her tha n s tore that in 
formation in the QB file. wh ich
wou ld require recompiling every
time we recal tbrate. we s tore It In
a sequen tial data file. TEMP.OAT.
which con ta in s th e va lues we
need , each separated by a com
ma . Firs t comes the decimal I/O
port address of the PC VO ca rd
(described in J uly), followed by
the voltage at th e low tempera
tu re. th e low temperature, the
voltage at the high temperature,
an d the h igh tempera ture, (Volt
ages sh ou ld be specified In volts
a nd temperatures In °C.)

For example, if those values
were 640 , 4. 1, 0 , 0 , a n d 10 0 ,
TEST.OAT wou ld con ta in

640,4.1 , O. 0, 100

followed by a ca rriage return a nd
lin e feed . The file ca n be created
wit h any word processor: ju st re
member to save it In ASCIIor text
format , no t the word processors
native format.

Lines 2--4 of th e progra m open
TE MP. OAT. read the values, close
the file. a nd then set up the 8255
on the PC 10 ca rd so that lin es
1-16 arc inpu ts . and 17-22 a re
outputs .

Lines 5--8 format the sc reen for
a pleas ing look.

Lines 9-17 are the real meat of
th e progra m. the measuring an d
d isplay loop. Line to pulses th e
WHITE lin e low to obta in a read
in g. Line 11 then retrieves that
reading Into va riable X. The pro- ~

gra m convert s that n u mber In to .~
a voltage (V) between 0 and 5 .0. -.::
Next. lin e 12 ca lculates the Cen- _~
t tg ra de (ce n t) and Fahren he it ."
(faren ) temperatu re values . Then ~

lin es 13-15 form at and di splay ~
the values . LIne 16 pauses before rn
the next sam ple is tak en . and line I
17 checks whether the Escape ~

key has been pressed . If so, the ~ '

program en ds : oth erwise, exec u-
tion loop s back to line 10. 61

S ilicon trans is tors used in tht s
way have a te m pe ra tu re coeffi
cien t of abo u t - 2m VrC . ThaI is ,
a t O°C, the drop wou ld be abou t
0.6 volt. As the temperatu re in 
creases , the d rop d ecreases . At
100°C the drop will be abo ut 0 .4
volt. Alt ho ug h every tra nsi s tor
has a eltgh tly di fferent tempera
tu re coeffic ien t. a ll transi stors
vary linearly wit h temperat u re .
So by ca lib ra ti ng for the par
ticular trans is tor used , It 's poss i
ble to obtain an accu rate yet low
cos t tem peratu re sensor.

Construction
Assembly is no t cr itica l: you

ca n bu ild the circ u it on perfo
rated co ns t ruc ti on board as
shown In 1"1/4. 4. We recomme nd
us ing sockets for the IC's.

To con nect to the PC IO board .
con nect eleven one-foot length s
of wire to the appropr ia te point s
on IC2 . and the other ends to the
correspond ing p ins of PI. a s tan 
dard OU-25 male con nector.

Nex t. b uild the tempe ra ture
p rob e. Usc e it her a 2N2222A
(metal case) or PN2222A (plastic
ca se)a nd a length of sh ielded ca
ble. Twts t the ba se and em it ter
leads together. and so lder them
to th e cent er conductor of th e ca
ble. Con nect the collector to the
sh ield . Th avoid sho r ts , cover the
lead s near the t ra nsi sto r with
hea t-shrin k tub in g. Moun t the
transist or in a cylindrical case (a
bellowed -ou t ballpoint pen body,
for exa mpl e). maki n g su re the
case ca ll wit hst and the tem pe ra
ture ra nge you will be measuring.
Fillihe p robe wit h s ilicone or ep 
oxy. T hen att ach a minia t u re
phon o plu g to th e free end of the
cable, mak ing su re that the cen 
ter con duc tor goes to the tip and
the sh ield to th e r ing.

FIG. 4-THE AUTHOR'S PROTOTYPE was
built on several pieces of scrap perforated
construction board .

All resistors are V4-watl , 5%, un-
less otherwise noted .

R1- 22,OOO ohms
A2-1000 ohms
A3--1 megohm
A4, A5, A7, A9. A1D-W,OOOohms
A6, A8-100,OOOohms
Al1-AI3--1 0,OOOohms, 15-lurn
potentiometer
Capacitors
C1-150 pF, ceramic disk (any value

between 150-330 pF OK)
C2--o.1 IlF. ceramic disk
Semiconductors
ICl - 5558 or 1458 dual op-amp, 8-

pin DIP
IC2- ADC0804 or ADC0803 8-bit
AID converter
Q1 -2N2222 or PN2222general pur-

pose transistor
Other components
Bl , B2-9-volt battery
Jl-miniature (Va-inch) phono jack
P1-DB·25 male connector
Misce llaneous: 24-gauge stranded

wire , perfo rated co nstruc tion
board, s-vort ballery clips, housing
for probe. shielded cable.

Note: The comp lete PC 10 Board
(with PC board, and all compo
nents) is available for $39.95
(part # PCIO). The AOC0804 and
a calibrated PN2222A tempera
ture sensor trans istor are avail
ab le for $8.00 (pa rt # AOC),
Software, inc lud ing complied
and source code versions with
contlnu ous and interva l sam
pling and data loggingflisting is
available for $8.00 (part #ADC
S). Specify part numbers and
send check or Money Orderto JJ
Barba rella, 817 Tennent Road.
Manalapan, NJ 07726. The au
thor will be glad to answer any
questions. but they must be ac
companied by a self-addressed
stamped retu rn envelope.

RlJ ~f-----i-'--' ------i+o
10KI

b

FIG. 3-DRIVE THE AOe with a tempera
ture-sensing transistor (a) or a calibration
poten tiometer (b).



LISTING 1

LISTING 3

4 CLOSE .1 : OUT ADD . 3 . 146: OFEN · REAO ISG. DAT· f OR OUTPUT AS I
16 FOR 1 .. 1 TO 500: NEXT: OUTPUT '1, V
11 I f I NKEY$ • CHRS(21 ) THEN CLOSE : END ELSE GOTO ag ain

REM******** **** ******** ** **** *************
REM** AOCTEMP . BAS - V91062 9 *
REM** ADCOe04 AID IC & 2N22 22 Te~p PrObe *
REM**************--***********************
1 CLS : OEFINT A. x: DEF SEG .. 64
2 OPEN · TEMP. OAT" FOR INPUT AS 1
3 INPUT #1 , add, l ovvolt , iceve i , mvcae , h1val
4 CLOSE #1: OUT ADD. 3. 146
REM* *** **** ** *· · · · · SET UP SCREEN *.** . *• • *•• • *********
5 LOCATE I , 23 : PRINT ·PcTEMP TEMPERATURE MEASUR ING SYSTEM "
6 LOCATE 2. 1 : PRINT STRINGS(79. 220 ) : LOCATE e. 32 : PRINT
STRINGS( 16 , 220 )
7 FOR 1 • 9 TO 16: LOCATE 1, 3 2 : PRI NT CHR$(219); SPACE$(14 ) :
CHRS(219 ): NEXT
8 LOCATE 12 , 33 : PRI NT STRI NG$(1 4. 220 ): LOCATE 16 . 33 : PRI~~

STRING$(l4, 220 )
REM* *************** SAM PLING LOOP ***************.*****
9 aqa1n :
10 OUT add. 2 . 0: OUT add . 2 . 1 : REM : Take A Sa~ple

II ~ • INP( add l: v .. x • 5 I 255
12 cent .h1val - Iv · (h.1va l - lo1JVal1 I l owvol t ) : f aren .. 1.8 *
I NT(c e ntl • 32
13 LOCATE 4 . 33 : PRINT USING ·Output .. #. # # v · ; v
l ' LOCATE 10 , 31 : PR I ~'T USI SG ~#U" ; cen t ; : PRINT CHRS 1248 1; ~C·

15 LOCATE 14. 37 : PRINT USING : fa r e n; : PRINT CHR$(24a ) :
" F"
16 FOR 1 • I TO 500 : NEXT
17 IF I~~$ .. CHR$( 21 1 THEN Eh~ ELSE GOTO aq a1n

where Vz Is the voltage d rop a t
O°C. T Is the temperature in "C.
and TC Is the tempera tu re coeffi
cien t.

Software modifications
You cou ld use the probe as a

low-temperature detector. Con 
nect a sens i tive 5- volt relay to
p ins 9 ( + I a nd 23 Ignd l of PI. If
the te mpe rat u re goes below a

continued on page 82

At 40°C. Vo = 600 mV + (40"C
x - 2 . 1 mVr C ) = 6 0 0 m V
- 84mV = 5 16mv'

At - 37.2°C. VI> = 600 mV +
( - 35°C x - 2.1 mVr C) = 600
mV + 78. 17 mV = 678. 17 mY.

Now plug In the ca lib ra tion po 
tentiometer (shown In Fig, 3-b) .
s e t It to the high -temperature
drop (516 mvl. and adjust R12
un til the ou tput Is 0 .000. Th en
set the potentiometer to the low
temperature d rop (6 78 mvj. a nd
adjust Rll for a val ue between
fou r and five volts. Last. Insert
the temperature values a nd the
high- temperature outpu t voltage
In to the data file. Now the c ircu it
Is fu lly ca lib ra ted for the n ew
temperatu re range .

LISTING 2
IF CENT < 10. 5 THEN OUT ADO.l , 1
IF CENT > 10. 5 TH EN OUT ADO.l, 0

Alte rna te ranging
It Is possible to adjust the cir

CUitry and the co mputer program
to a ny temperature range you de
s ire. Just recaltbrate the ci rcu it
a nd a dj u st t h e cons tants In
T EMP.DAT. For example. assume
you want to m easure te m pera
t u r e s b etwe en - 35 °F a n d
+ 104 °F.

Ftrs t. determine the tempera
ture coe fftc te n t a s described
above. Next. co nvert the des ired
tempera tu re ra nge from OF to °C
u s ing the fo rmu la C = 5/9 x
(F - 321. In ou r example. + 104°F
is 40°C, and -35°F Is - 37. 2"C.
T hen calculate the drop a t those
two temperatures u sing the fol 
lowing formula .

Vo = Vz + (T x TC)

OPEN · READI NG. OAT" FOR I NPUT AS 1
DO WHIL E NOT £OFl l)
I NPUT '1 , v: PRINT V
COO,
CLOSE: END

LISTING 4

Calibration
Firs t c rea te t he d ata fi le

(TEMP. OAT) with nominal values
for port add re ss . voltages . a n d
temperatures (640. 4 .1. O. O.
100); well fine-tune those values
momentarily. Then run the pro
gram to initialize the PC 10 card.

Next. con nect th e ADC circ u it
to the PC 10 card. plug the probe
Into JI . and place the tip of the
prob e aga ins t a p iece of Ice .
Us ing a digital voltme ter on a low
range . measur e the vo lt age
across the tip an d ring of the
pl u g . Record the temperature
(O°e) and the resultant voltage.

Pou r some bo iling water in a
styrofoam cu p. place the probe in
th e water. and repeal th e process.
rec o rd in g bot h tem peratu re
(lOO°CI and voltage. Use the two
voltage values to de term ine the
temperature coeffic ien t of yo u r
prob e. For Ins ta nce. If the O°C
rea d in g were 552 mV and t h e
100°C read ing were 342 mV. the
temp era t u r e coefficient wo u ld
b e 10 .3 4 2 - 0 .55 2) /110 0 ) ~

- 2. 1mVr C.
Prepare a 10K poten tio meter as

shown in Fig . 3-b . At th is poin t,
the AOC board s hould b e con 
nec ted to the PC 10 . the 9-\'01t
batteries (or other power source)
s hou ld be con nected. an d the
BAS IC program s hould be run
n ing. Con nect a OV1l.1 across J I.
set the calibration poten tiometer
so the value on the DV1-1 eq ua ls
the high value taken earlier. and
adjust R12 for 0 .000 volt s . as
shown on the PC's screen . Then
set the calibration po tentiome ter
s o the value on th e DVM equals
the low va lue. a nd adjus t Rll for
a value (as shown on the s creen )
between 4 .0 and 4 .5 volts. The
actual val ue does n 't ma tter. just
the di fference between the high
an d low values.

Check the h igh read ing setting
~ again to make s u re it Is s tili 0 .0
_ volts. a n d recallbrai e If neces
~ sary. Go back and forth between
_ the two readings severa l times .
~ Now enter the cor rect va lu es
l:1 In to TE MP. OAT. Make sure the
'e file Is s tored In the same s u b
~ d irectory as the program .
iIi Now you're ready to u se the
6 probe. J ust place It agains t the
~ Item to be measured. and h old It

the re until you ge t a s teady tem
62 pe ratu re read ing.
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RTV s ilicon e. Ins er t the mi cro
phone element {wit h lead s at
tached) Into th e grom met so that
It sits back just eno ugh to not
touch the front panel. but no
more: a recessed clement will give
an echo sou nd we want to avotd.
This step acou s tically a nd m e
chan ica lly decou ples the m icro
phon e from the speaker outpu t.
yet gives some d irectional effect.
It will be glued In such a position
In th e grommet In just a mi nute.
Note that an electret m icrophone
Is polarity-sen sitive; the pin that
con nec ts to the case of the micro
phone Is grou n d.

Ftnlsh up by wiring R20 a nd
Its switch 52. LEDI . and 5 1. We
fou nd that prewtrtng these com
ponen ts fi rst ma kes a ss embly
easier. The final s tep is to fit the
panel Into the enclosure and glue
LEDl. the m icrophone, and the
s p ea ke r In place wit h RTV s tl
Icon . maki ng s u re that th e elec
tret element Is positioned as
mentioned before. Set the mtcro
phone gain po tentiometer. R15,
to about halfway. Figure 6 shows
th e completed Speaker-Mate pro
totype.

Testing and u se
For acoustica l reaso n s . the

proven a pp roach to tes ti ng the
u nit Is with th e board mounted
In a closed case. At an extreme
setti ng of microphone gatn. the
mi c rophone m ay p ick up the
speaker outpu t. T his ex trem e

con ti nued on page 83
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SPKR-MATE
o

FOIL PATTERN for Ihe Speaker·Male,

In prepa ring the ct rcult board
for the cab in et. leave the speaker
leads long enough to attach the
speaker on the top half of cab
Inet. We have fou nd that a spare
piece of perforated construction
board makes a n excellen t drilling
gutde for making a nea t s peake r
grill e on top of the ca b inet. Cu t
ting out a notch on th e ca b inet
rear for the modular telephone
jack (J II a n d drilling a 'h -Inch
hole for access to the microphone
gain potentiometer com ple tes
th e cabinet back.

Completion of the front panel
Is nex t. Figure 5 s hows how we
mo unted the m icrop h one, A 3/M_

Inch Ins ide -d ia meter rubber
grommet was glued to the Inside
of the fron t panel behi nd th e % 
Inch m icrophone opening. You
ca n u se eit he r hot-me lt glue or

' .2K ..
0IITPUl 20 OM ) 1 ItlPUT

ELmE .41IlF
zscvPAAAlLEl TCM15128

R"'"

8 ACINPUT PlEro

6 FILTER
TRANSDUCER "",k ~ ""'R

l~IT
R COMMON,,0< 71,"'"

TELEPHOH
INPUT IN

WlTM SPEAKf

SPEAKER MATE

sure to wipe orr the tip of you r
Iron on a wet sponge immediat ely
after melting the plastic. Trans
former T I should be mounted
with Its marker. tfany; toward th e
Input jack s ide .

The la s t step Is insta lling all
Jum pers (JI an d J Ul ; the J U l
Jumper Is Ins talled far phone-line
powered applications. and left
out for use with a n exte rna l.
power sou rce . So Ins tall J Ul for
now. a nd well go Into greater de
ta il on It la ter. If a ju mper runs
close to exis ti ng circ u it ry. you
might place some s h rInk tubing
on th e ba re lead. The kit men 
tioned In the parts lis t Includes
some shrink tubing.

There are some options for the
front-panel con figu ra tion . In the
prototype, SPST toggle switc h 5 1
Is used as the ANSWERswitch a nd
Is mounted n ext to LED I. the
"p ower on " indicato r. Cut t he
leads long enough to reach the
front panel without too much ex
cess. Volume con trol R20 has Its
attached switch. 52. wired In se
r ies with the m icrophone ele
me nt to p r ov td e a " m u te "
fu nction . The mu te setup works
well beca use the low-im pedan ce
microphone circu it doesn't pick
u p Interferen ce when open. If th e
mu te fu nctio n Is n ot needed,
R20's switch can become the
ANSWEn sw itc h and you ca n elim i
nate toggle switch 51. However,
th e complete kit does Include the
toggle s witch.

contlnuedJrom page 46
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a:~ FIG.8-YOU MAY WANTTO ADD a rtnge r 10the s peeker-Mate. The tone rin ger chip (1C3)
monitors m e telephone line for a ring slgnat 0115to 68 Hz. 40 to 150voll s AC. Resistor R
sets Ihe warble and cente r freq uency; wlth R at 150K, the warble is approKlmale ly 10 Hz

66 and the cente r f requency is 1250 Hz.



HARDWARE HACKER
VGA adapter for the Mac Le, computer monito rs,
f1yback. s hie lding, and GPS navigation resources.

DON LANCASTER

I t seems I did miss an obvious
source in our recent TesJa and
High Energy Resources sidebar.

This is the resla $ocietyup in Colora
do. who runs a great museum and
now offers annual Teeleand nontradi
tional energy co nferences. Their High
Energy Enterp rises division has lots
of book s and videotapes .

These range the gamut from hard
to-find and genuinely useful research
materials on down (way an down )
th rough bunches of " Boy-a-whole
f1ock-of-them·f1ew·over-tha t-ti me!'·
pseudoscience titles.

On the other hand. if you are into
antigravity, the 1000 miles per gallon
carburetors. Russian weather control
conspiracies. Reedmotors. all those
pangalact ic hapPi faces on Mars. or
zero poin t scalar energy, these books
and videos are definitely for you. This
is most fasc ina ting rea ding and
walching. either way.

Aclually. I' ll freely admit that I firmly
nON believe in one trilateral conspi r
acy. That's the one involving the first.
seco nd. and th ird laws of the r
modynamics. But that's just me. And
if you want to prove me wrong . just
show to me any simple and indepen
dently veri fiable experiment that any
one can reliably duplicate.

Some more info on wavelets: The
Wavelets book offered by Jones and
Bartlett is at long last in print. And a
major new tutorial jus t came out in
the Oc tober 1991IEEE-SP Signal Pro
cessing magaZine on pages 14-38.

Shields a nd shie ld ing
These have been popular topics

lately on our helpline. so perhaps it is
time to go oo.-er some fundamentals.
You can shield something electronic
either to keep objectionable signals
from getting oul or getti ng in. For
instance . on any light dimmer. you
might wanl 10 suppress the horrible
AM radio interference caused by a
triac suddenly turning on. On a low-

level audio circuit. you might want 10
preven t power-line hum and noise
from getting to you.

If you do know ahead of time that
you're going to have interfering noise
or signals present. one very powerful
technique is to change over to fully
balanced circuits. They sense only
the differences between their inputs.
rather than any absolu te values with
respe ct to grou nd . Thu s , any
common mode inte rfering signals
that bounce both inputs up and down
together w ill automa tically be reo
jected . Or at least suppressed . Sev
eral fancy audio studios have even
gone to totally balanced power lines
10 dramatically reduce their hum and
noise problems.

There are usually two paths that
interference can travel. One is with
radiated energy, which can propagate
directly through space to emil from or
interact with your circuit. The other is
con ducted energy. which enters
along your power connectors and in
put or output cables .

Since separate tricks are needed
to deal wi th any radiated or co n
ducted energy. step one is finding out
which path is the one you will want to
deal with first.

The radiated energy interference
will usually have two component s.
They are that " E" or electric field .
which largely concerns itself with in
duced voltages and that " H " or
magnetic field. which creates indue
ed currents. Once again, you have 10

NEED HELP?

Phone or write your Hardware
Hacker questions direct ly 10;

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

know which field component you are
going to suppress before you pick a
prope r method .

Any old conductor should usually
block an Efield. One obvious hacker
choice that works well are boxes built
up oul of double-sided printed-circuit
board. See Fig. 1.

But there are gotchas. At ICJlNer fre
quencies. there is the lack of a well
developed skin effect. which causes
an E field to penetrate deeper into a
conductor. Thus, thicker shields are
needed to suppress /ower frequen
cies . Say 20 mils for an AM broad
cast band use or 80 mils for the high
ultrason ic frequencies.

A shield can also act as a shorted
tum to any nearby inductor. possibly
le;,..yering the Q and detuning. A slot or
oth er con ti nuity break can some
times help this problem.

Wh ile some small shield holes are
often tolerable. any poor contacts are
de fin itely not. A continuous so lde r
bead or else loi s and lots of individual
screws may be needed for really high
shielding effectiveness.

It's very important that unintended
currents don't ever run through any
shields. Unwanted signal drops can
often end up in sertes with your input
signals. making things much worse
rather than better. Which is also why
you should keep all your digital and
analog grounds separate.

The H fields can be blocked by use
of any strongly magnetic materials.
These materials are said 10 have a
very high permeability. The simplest .r
magnet iC shield is a piece of scrap -e

sheet steel from the air cond itioning 18
shop or trailer hitch works. But things ~

get messy in a huny if you need lots J:I

of magnetic attenuation. ~
Those spec ial and fancy shielding m

materials are optimum only in certain a~
thicknesses and over a specific fre
quency range. Worse yet. some of B'
these cannot be cut or drilled wit hout
a complex reannealing process. And 67



FIG. 1-SIMPLE E-FIELD SHIELDS for ra
dio-f requency hacker projects are easil y
built up f rom pieces ot double-sided
print ed cIrcuit board stock.

ference suppressor. As Fig. 2 shows
us. you simply hang them on a wire or
else run a turn or two through them.
Ferrite beads act as a broad band
high-frequ ency lossy t ransform er.
There are various materials and sizes.
ag ai n de pend in g o n f reque ncy.
Sources of fem te beads include Fair·
Rit e . Ferr iS hield , Ferro xc ube ,
Intermark. and Siemens.

One very litt le known ferri te bead
qotcha: Do not ever cast a ferri te
bead in epoxy or otherwise constrain
it so it cannot move. The beads must
be able to physically change their size
slightly, or else the performance will
sharply degrade.

Two trade journals that involve
themselves with shields and shield 
i ng are Ele c t ronic s Test and
Compliance Engineen'ng.

Monitor fundamental s
We sure do get a lot of computer

monitor and TV compatibility calls .
Let's start off with the obvious: The
perfo rmance and bandwidth of an
ordinary TV or VCR using composite
NTSC video is severely limited. That
is why all the computer folks went to
special AGB monitors in the first
place . And that is why nearly all the
computers are totally incompatible
with ordinary television gear.

Yes. there now are all sorts ofways
you can use your computer for real
video editing or to reco rd computer
sc reen s on a VCR. But note that
there is no way I know of that )QU can
record plain old 80-column text as
composite video on your VCR. Or
display it on any unmodified TV set.

How does a monitor work? Inside
is a cathode ray " picture tube" with
one or more guns that squirt lots of
electrons at a phosphor screen. At

FIG. 2-fEAAITE BEAD Interference sup
pressors are simply slipped on to any con
cuctcr, The ferrite beadSbehave as lossy
and broadband high-frequ ency tr ansfor
mers. Mult iple turn s can also be used.

NASA Tech Bri efs
41East42nd Street Ste. 921
New York. NY 10017
(212) 490-3999
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the signals of interest , but present a
high series impedance and a low
shunt impedance to a ll o the r s .
Murata-Erie is one good source.

The ferrite bead is a remarkably
ch eap and super effec tive Inter-

VISA' MCFREE VOICE HELPLINE

SYNERGETICS
B ox BD9-RE

Thatch er, A Z 85552
(602) 428-4073

too strong of a magnet ic field could
saturate a shield, making it useless.

To be effective. a magnetic shield
should completely surround the vol
ume it is protecting.

A good free booklet on all of the
fundamentals of magnetic shielding
is available from Amuneal,whi le other
sources of custom shield materials
now include Advance Magnetics and
Magnetic Shield Corp.

Conducted interference can be
bes t eliminated by some blocking fil
ter. These filters should freely pass
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While watching rent
al movies, ~ will
eceee an I"IOyIrtg pe
riOdic eoIor darken.
i ng , col o r sh ill,
un wan ted l ine ,
flashing Of jagged
edges . Th is Is
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FIG . 3-THE RE CURRENT FLYBACK SWEEP on televi sion sets and computer monitor
display s Is extremely energy efficient, but will only work over a VERY llm Ued range 01
horizontal scan rates .
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and rapidly scans to the right and
slowly on downward, painting every
second scan line. When it gets to the
bottom of this field. it goes back to
the top and picks up what it missed,
painting a second field. The normal
field rate is usually 60 hertz for black
and white or 59.94 hertz for color.

The NTSC (Natio nal Television
Standards Committee) standard
uses 512 lines per frame. or 262.5
lines per field. That leads to standard
horizontal scan rates of 15750 Hertz
for black and white or 15735 Hertz for
col or. The two numbers end up
slightly different to get all the rest of
those color magic numbers to prop
erly drop in place.

:J sink I source I sink I source C

DAMPER
DIODE

+V SUPPLY
FUNCTION

HORIZON TAL
SWITCH

any instant. only one single dot ap
pears on the screen. That dot get s
moved around by the scanning pro
cess. and will get brightened and dim
med by rapidly sett ing its intensity at
a video modulation rate.

To build up the illusion of a fuUpic
ture. that scanned dot is moved
rapidly and horizontally from left to
right and more slowty vertically from
the top to bottom. The decay charac
teristics of the phosphors selected
and your human persistence of vision
combine to create the illusion of a
total picture.

Television uses what is known as
an interlaced scan. To build up a TV
frame, the dot starts at the upper left

CIRCL E 192 ON FREE INFORMATION CARD
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Flyback d eflection
Wh y can't so meone jus t bui ld a

monito r th at accepts an ult ra-w ide
range of horiz on tal scan frequ encies
and be done with it? The answer to
that has much to do w ith both energy
con serva tion and the way things have
been don e in the past.

A set of coils known as a deflection
yoke normally goes on the neck of
the display tub e. These are plain old
coils that w ill move yo ur electro n
beam to wh erever you want it to go.
N orma lly, th e hor izonta l yoke is
where all the action is, since it does
things several hundred times faster
than the ve rt ical one .

Since several kilowa tts or more of
deflection power are involved in the
horizontal de flection of a larger co lor
display, sneaky tric ks wi ll have to be
played to reuse and recycle all o f the
energy involved. These sneaky tricks
go by the name of recurrent flyback
deflec tion, and are shown to you in
Fig . 3

The basic rule of any inductor is

._ _ .
"---r-' !

~
1
j

OoUPfR1
!. e-ool j

hrl~:: . !

will INOfk only over a VERY limited
range of horizontal scan frequencies!
Un less you go to some very fancy
multi-sync techniques.

FIG. 4-MULTI·SYNCING MONITORS
change the ir sweep values 10 try and
match an input horizontal scanning rate .
But once selected, they sti ll operate only
over a very limited frequency range.

Interlaced sca n is used by NTSC
to minimize flick er. But interfaced
scan is totally unsuitable for data dis
plays, especially small text! The rea
son is tha t inte rlace works on ly if
successive lines are more or less the
same . This is clearly not the case
between dot lines of finer text. Thu s,
mo st computer screens demand a
noninterlaced dis play where each
field is complete and ide ntical.

M ost computer monitors also wi ll
use a 59.94- or a GO·hertz ve rt ical
scan rate . l ess than that and you 'll

c.., end up with too much flick er. If }'Uu try
~ to leng t he n t he phosphor per
c se tence you may end up wi th "com
~ ets" for traveling balls.
~ The horizon tal sca n rate is decided
.,; by how many horizontal lines you are

,~ using pe r field . As )OU increase the

W~i!i number of lines in a display, the hori·
zontal scan rate goes up. Scan rates

~ from 22 to 45 kiloh ertz are typ ical,
II: with so me exotic d isplay s going

much higher,
70 NC/'Ai for the kicker; Most moni tors
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spot positron. compared to the max
imum right that you were half a reso
nance cycle ago. And , again . you
have done this with very httle loss .

This process is known as a flyback.
and the retrace interval is called the
flyback time. The beam is tumed off
dunnq the flyback time so the retrace
is invisible.

Let the circuit resonance try and
continue. The flyback capacitor will
try and go negative but, at that time, a
damper diode will turn itself on. Your
circuit nO'N cons ists once again of a
coil connect ed between a positive
voltage and ground. It will once again
start generating a posi tive current
ramp. Only this time, it starts from a
negative initial current , Thus. your
sweep starts linearly moving from the
left to the center. As you move on
towards the center of your scan line.
the yoke energy get s sent back into
the pos itive supply.

When you get to the center of the
screen, you once again close your
switch to repeat everything for the
next cycle. The damper diode shuts
down just as soon as you cross cen-
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FIG. 5-THE MACINTOSH LC def inilely
can NOT be used with a NTSC monitor. But
this simple cab le and jumpering let s you
use it wilh mo st VGA color monitors. The
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until the capacitor gets to zero volts.
You will now have placed all of the
original magnetic energy right back
into the deftectton yoke, with one
very important difference: Since the
current is going in the opposite direc
tion. you're now at the maximum left

that...
e> LAifa t

Let's rearrange things a tad" ,
~iI.6. l =eil

Now Ai is the change in current
and At is the change in time. so
A il M will be a linear current ramp
whose rate of change should equal
your supply voltage divided by the
inductance of your horizontal yoke.

Saythat the switch in Fig. 3 is nO'N
open and has been that way for a long
time. There is no current in the yoke.
and no deflection. The spot will still
be in the middle of the line.

Now, close the switch. but just for
around one-halfof the live scan time.
Wha t happen s? We now apply a
posnee voltage to an inductor. and
start building a linear current ramp.
Thai current ramp in the deflection
yoke creates one linearly increasing
magnetic field. and the spot moves 10
the right. When you get to the right
side of the sc ree n, you ' ll have
bunches of energy stored in the hori
zontal yoke's magnetic field.

What are you going to do with it? If
you just bum it up as heat, you'll end
up with bad reliability and high power
consumpt ion . Besides needing far
tougher electronics . Instead. let 's
'MJrk smarter instead of harder.

Open your switch. Your equivalent
circuit nO'N consists of a yoke coil in
series wit h the flyback capacitor. A
standard and hiqh-Q senea-resonant
circuit. But one that started out wit h
zero volts on your capacitor and a
strong current through the coi l.

At this time , all of the energy is in
the coil and none is in the capacitor.
Let the circuit resonate for a while,
exactly like any other 'series-resonant
circuit. In one quarter of a cycle. the
capacitor will be charged up to a large
po sit ive vo lta ge . o ft e n in t he
800-1200 volt range. At the peak.
the current wi ll be zero. and the indue·
tor will be " empty" and field-free.

Youhave now transferred all of the
magnetic energy that was in the yoke
into electrical energy stored in the
flyback capacitor! And done so wit h
very little loss .

Let the circuit continue to reso
nate, The current wi ll reverse in direc
tion. and energywiUstart transferring
back into the inductor. Note that the
current is now going in the opposite
direction.

Let the circuit resonance continue



ter screen. Automatical ly.
Once again; Close your switch to

move from center to right. Transfer
the coil energy to a flyback capacitor.
Resonate half a cycle and transfer the
fJyback capacitor energy back to the
coil inverting its sign and putt ing you
far left . Tumon the damping diode to
move from left to center. And repeat
the process once each scan line.

Several details I've omitted; That
flyback pulse also gets sensed and
routed to a current step-up tr ans
former called a flyback transformer.
The flyback tr ansformer steals a
minor part of the energy and uses i1to
create the high voltage DC supply
that is needed by the display tube.
Other wi ndings can be used for
blanking , ho rizontal phase co m
parison, and boosted supply voltages
elsewhere in the lV or monitor. And
games have to be played to keep any
uncenter DC bias out of the horizon
tal yoke. But regardless of these de
tails. the basic concept of recycling
your deflection energy remains.

This very elegant. highly tested,
and ul t ra conservative f1yback
scheme inherently works best only at
one horizontal scan frequency. And
that is why you can' t normally get a
monitor that can accept any old hen
zontal rate.

Yes, there are multi-sync monitors.
These usually work by measuring the
intended input scan frequency and
then switching in one or more f1yback
capacitors and adjusting the supply
voltage accordingly. Figure 4 shows
one multisync scheme. Once switc h
ed. a multisync monitor is a narrow
band sys tem jus t like any other
flyback-driven circuit.

VGA for the Mac LC
The Macintosh l C computer was

designed for use with the Mac color
monitors to the Mac color standards.
Since these can be expensive. lots of
hackers are often on the lookout for

~ lower-cost substitutes. But note thatj you definitely can not use an NTSC
• color monitor because of the higher

scan rates on the LC.
And also do note that you should

never buy a substi tute monitor wi th
out making certain it works and is
good eno" : h for your uses.

Happily, there is a hidden "secret"
provision on the Mac LC that lets you

72 change your LC output so it is VGA·

compatibl e. Quality VGA monito rs
are often available much cheaper in
far wider selections than are " real"
Mac monitors.

The secre t jumper that changes
the LC scan rates for VGA com
patibility is shown in Fig. 5.

CPS N av resources
From time to time we've looked at

the Navicube concept right here in
Hardware Hscker, The Navicube is a
magic $5 cube 3 inches on a side
which always knows where it is and
which way it is pointing. Several re
cent developments that should ulti
mately make the Navicube possible
include low-cost accelerometers. ad
vances in fiber-optic gyros. and the
ongoing GPS navigation system.

GPS is short for GlobalPosit ioning
Satellites, a military navigation sys
tem that has recently seen several
dramatic improvements in price. re
liability, and availability. I've tried to
gather together some GPS info for
you as this month's resource sidebar.

The system consists of a flock of
roving sate llites. any five or six of
which should be overhead at any
given time. The satellites broadcast a
series of low microwave- frequency
radio signals. By intercep ting and
comparing the signals from several
overhead satellites, you can extract
your current absolute position and do
so to around a fif ty-foot accu racy.
'rour speed. acceleration, and current
time can also be determined to sur
prisingly high accuracies. Within two
inches per second even.

And by shift ing to a diffe rential
scheme from any one known and
fixed point, you can improve your ac
curacy 10 a fraction of an inch.

Amazingly, the antennas needed
are no big deal. They can easily fit
inside a small shoebox. Unlike video
satellites . the GPS antennas need a
wide beamwidth, a narrow-frequency
bandwidth , plus a pseudorandom
modulation which works acceptably
well with 100000r signal-to-noise ratios.
The antennas do require line·of-sight
operation, so they have to be used
outdoors, on a rooftop. or on the top
of a vehicle or boat.

Since the recept ion electronics are
incredibly complex. it is unlikely that
you would want 10 try and build up
your O'Nn GPS receivers by using dis
crete components .

Thankfully. sophisticated chip sets
are nO'N becoming readily available
from Rockwell. Magellan. and others.
Their inilial pric ing is in the $500
range. But it is reasonable to expect
Japanese GPS chips within a year or
!'NO forunder$35. So now is the time
to start on your GPS hacks.

The leading trade journal in the field
is called. of all things. GPS World. It is
free to qualified subscribers. An inter
esting hacker newsletter that deals
with navigation and communications
of interest to cavers is Frank Reid's
great Spe/eonics. Some other GPS
info appears from time to time in
NASA Tech Briefs. Several other
so urces of GPS gea r incl ude
A shtech. Bancomm, Texas Instru
ments, and Trimble Navigation. Trim
ble has a nice GP S intra book
available. It's called GPS- A guide to
the next utility .

N ew te ch lit
From Actel. a new databook on

Field Programmable Gate Array s.
And from M ini-Circuits a new RFIIF
Signal Processing Guide on higher
frequency mixers. splitters . ampli
fiers . transformers. and such. Their
broadband amplifiers cost around a
dollar or so each.

A free update on our Santa Claus
machine technology is nO'N titled an
Insiders Guide to Rapid Prototyping.
and is available from M anagement
Roundtable. These folks also put on
annual conferences.

A new quarterly hacker newsletter
on lower-cost vacuum projects and
techniques is now available through
Steve Hansen. It 's called The Bell Jar.

Free samples of Uquisorb , a low
cost corns tarch col'odral absorbent.
are available from American Colloid
Company , Since these sample pack
ets dramatically swell up in the pres
ence of liquid water. one obvious use
is as a low-cost flood alarm.

And through Aremco, a Materials
Catalog M,2 that includes a wide va
riety of high-temperature ceramic
materials. including machinable and
pourable versions .

For the fundamentals of digital inte
grated circuits. be sure to check out
my class ic CMOS Cookbook and
TTL Cookbook. You can also reach
me via GEnie PSRT(80m 638-9636.
whereyou'll find lois of resource stuff
not available elsewhere, R·E



AUDIO UPDATE
Reader questions: Real and imagined, serious and silly

LARRY KLEIN

A fl er several decades of an
swering readers' hi-f que s
tions for various electronics

and audio publication s. one can get a
little no sta lgic . I loo k back wit h
fondness to the days when I had all
the answers-or at least thought I
did- and was pleas ed to provide
them to curious reade rs . Today I cer
tainly don 't have all the answers, and
occasionally I don' t even understand
the ques tions. In any case . herewith
is a selection of updated Q's and A's
that. if not my greatest hits. at least
reflect some of the interesting con
cems of the audio public in the last
decade.

Subliminal S atal,ism
I keep hearing that some heavy

metal rock bands put subliminal Ss
tanic messages on their albums. The
messages are supposedly in the form
of I,\()rds recorded in reverse at the
ends of certain cuts. \lVhat effect do
these messages have on listeners ?
L.B.
Everett s. N.C

Mostly it causes them to write silly
questions to magazine columnists.
The term " subliminal" is usually ap
plied to stimuli that are outside the
range of conscious percept ion but
are nevertheless said to reach the
brain and affec t thinking . The pur
ported danger in such a technique is
that the messages bypass conscious
evaluation and cause their hearers (or
viewers) to uncrit ically buy products.
vote for certa in candidates.., or wor
ship Satan. Since thereappears to be
no legitimate research indicating any
effect at all from subliminal motiva·
no net me ssages. good or bad . I
wouldn't worry about it... unless. of
course. you experience sudden inex
plicable urges to buy large quantities
of toothpaste. to vote for Jesse
Helms. or join your local coven after a
long evening of heavy-meta l head
banging.

My comments also apply to "sub
liminal" self- help tapes. A recent
study by the National Academy of

Sciences concluded that such tapes
" have no proven value." That seems
logical. con sidering tha t any mes
sages recorded below the threshold
of hearing would necessarily be bur
ied in normal tape noise.

Record a nd tape wear
f hope you can se ttle a ber forme. I

maintain that. unlike LP records, cas
settes don 't wear out. My friend in
sists that they both wear with use .
And what:S the situation with CD km
gevity? I've read some troubling re
ports lately.
J.S.
Evans ton. IL

They both wear. but the effect s are
different for tapes and discs, VVhen
vinyl discs begin to wear. noise and
distortion are added to the signal.
Wom tapes. on the other hand. tend
to suffer signal losses. There are mo
mentary " d ro po uts" that re flec t
damage to the tape's oxide coating
caused by friction against the player's
heads. capstan. and quidea. There
may also be a partial erasure of the
high frequencies brought about by an
accumulation of residual magnetism
in those same metal parts. Periodic
cleaning and demagnetizing of the
player help minimize the damage.

Over time, there may be a marked
increase in cassette wow and flutter.
Assuming that the player is okay,and
that the tape or the cassette shell
mechanism has not been damaged
through ove rheating on a ca r' s
dashboard. the faull is probably
caused by an overly tight winding in
side the cassette. The tape pack can
be restored to its normal looseness
by repeatedly. but gently. slapping the
cassette face down against a semi
hard surface such as a rnaqann e or
boo k. Squeal can so meti mes be
helped by a very small amount of sil
icone lubricant applied in the areas
where the tape hubs meet the shell.
but most of the time it reflects a prob
tern (some times brought about by
aging) in the composition of the tape
coating.

Recently que stion s have been
raised about C O longevity. with
claims that CO's suffer from " laser
rot" over time. The reasons given for
the self-destructive tendencies of
CO's have been varied. but the claim
is that todey's CD's have. at best. a
very limited life span.

I think that such predictions should
be taken with a sack of salt. cons ider
ing their original sources are the
same " underground" audio pubnca
tiona that disparaged CD 's from the
outset.

I spoke to a gentleman in charge of
preservation research at the Library
of Congress. and he says he knows
of no evidence that supports the view
that normal, properly manufactured
CD's wi ll spontaneously " fail" over
time. Al l of which is not to say that
some C O's haven 't had playback
problems because of mishandling or
manufacturing defects.

Undriven drivers
There:Sa hi·fi dealerin my area who

features what he cafls "Single Speak·
erDemonstrations . " He claims that it
was discovered in England that the
presence ofother non ·playing speak
er sys tems in a listening room can
affect the sound produced by the
playing speakers. Does the removal
of non·playing speakers really help a
lis tener evaluat e differen t systems
more accurately?
J.S .
Los Angeles. CA

I don 't think so. particularly since it
would certainly prevent a fast .AlB
comparison between sys tems. It's ~

probable that there is a slight mea- ~

surable acoustic effect in a show- ~
room produced by s tac ks o f 
unconnected speaker systems. The- _~
oret tcel ly, ac o usti c -su spen s ion :D

s p ea k e rs w ould functi on as ~
Helmholtz absorbers at the frequen- m
cy of their sys tem resonances, and ~

vented systems would do the same ~_
at their port resonances. In either VI

case. the suck-outs would occur in
the same low-frequency areas where 73
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most standmq-weve problems occur
and conceivably might moderate the
effects. But given the very large
UO-20 dB) bass-response Irreq
ulanues found in most rooms-in
cl uding dealer demo room s-it
seems unlikely that even the most
golden of ears could isolate a posmve
or negative effect produced by the
presence of a dozen or so undnven
speaker systems.

Inciden tal ly. I unders tand that
some lunatic fringe audiophiles even
advocate removi ng tel ephones.
clocks . and watches from listening
rooms in the belief that they some
how resonate destructively with the
music. As with so many other super
stitious beliefs. this one also has in it
a small-very small-grain of truth .

If you were to feed an audio os
cil lator throug h your system and
sweep it slowly at high volume from.
say. 40 to 200 Hz. you would find that
small and large objects in the room
vibrate slightly at their specific reso
nant frequencie s. But w ith music
there is usually not enough sustained

acoustic energy at any one frequency
to produce audible resonances. How
ever, it is not a good idea to place
small art object s on top of yo ur
speakers as there might be enough
coupled vibration to cause them to
dance sympathet ically to whatever
tune is playing.

Sonic s ha tter
I'm curious about the old Memorex

wine glass shattering commercials.
Exactly what technology was in 
volved? \I1hJs it anything 'ike Caruso 5
vocal trick?
M.H.
Mendenhall. MS

Like all good wine glasses. the
goblets used in the commercial were
both rigid and relatively fragile.To call
brate the goblets, each was placed
directly in front of a loudspeaker driv
en by an audio oscillator. The os
cillator was swept slowly through the
range of approximately 700 10 850
Hz. which covered the resonant fre
quencies of the glasses used by
Memorex. D uring the fr equ ency

sweep. a finger resting lightly on the
rim of the goblet could easily detect
the incre ase in vibration at the
qoblet 'e soecrc resonant frequency.
That was marked on the crystal
goble t for future reference.

At qlass-breakmq time. a tape re
co rding (on a Memorex cassette)
was made of the celebrity singer pro
ducing a sustained note at the pre
viously determined Critical frequency.
When the cassette tape was played
back vel)' loudly through a speaker,
the wine glass-which had an ap
proximately 140-dB sound field im
pinging on it-would react by flexing
itself to pieces.

Given the above. it should be clear
that shattering a glass by an un
amplified voice is no easy trick. Not
only does the singer have to produce
an enormous sound pressure level.
but also the frequency has to be with
in a hertz or so of the wine glass's
epeciflc-e-end unknown-resonant
frequency. Perhaps in Caruso's day
voices were stronger and crys tal
more fragile. R·E
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DRAWING BOARD
More on automotive voltage regulators.

FIG, 1-eOMPARE THE ORIGINAL pulled-up field circuit (last month 's Fig , 3) to the
mod Uled design for a grounded -fi eld regulator shown here, 75

ari thmetic necessary to come up with
an equivalent slnqle -resrstor replace
ment.

The major change to the circuit is
that the alternator field connection is
nCMI made off the emitte r of 03 rather
than the collec to r, All the changes in
the circuit are aimed at varying the
vo ltag e at 0 3 's em itt e r, T he
Darlingtonpair made from 02 and 0 3
is still controlled by the voltage at the
collector of 0 1 in exactly the same
way as it is for the pulled-up field
reg ulator. The positive feedback
(supp lied by C3 and AS) that speeds
up the Switc hing of the circuit from
fully on to fully off now comes from
03's emitter rather than its collector.

The reasons for the changes in the
circui t are all based around the idea of
being able to vary the out put voltage .
Since , in the case of a grounded field,
the given is that one side of the field is
tied to ground. the job of the regulator
is to increase the output voltaqe at
the " F ' termi nal w hen the control
-..ultage at the base of 01 falls below
the point set by Al0, The LED has
been moved so it will monitor the field
voltage and 0 1 has been moved so it
can soak up any back -voltage gener
ated when the alternator field collaps
es , You'll also see that the value of R7
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voltage there. If you don't see the
battery voltage anywhere you either
have a bad connection or you 're mea
suring fro m the w ron g te rmi nals ,
Check the mulumeter leads and, if
that doesn't cure the problem, get
out a flashlight and trace the wires.
You absolutely have to know what
you're dealing wi th before you add a
voltage regulato r!

Anyone who finds that they have a
pulled-up field can stop reading right
now and skip ahead a bit because the
regulator we designed last month is
exactly the one needed. If you've got
a grounde d- field alte rna tor, there 's
still some work to do. The regulator
we designed has to be modified be
fore you can use it.

Th e ea si es t way t o see the
changes is to compare the original
pulle d-up field ci rcu it (last mon th's
Fig . 3) to the modified design for a
grou nded-field regulator shown in
Fig. 1. One of the first thing s you
should not ice is that A7 and AS are
now in parallel. Electrically, there 's no
real reason for having those two re
sistors in parallel. The only reason I
left them both there is to help make
the similarity between the two cir
cuits mo re evident. You can leave
them wi red in parallel or simply do the

O nee again I have to apologize
to everyone out there who's
wailing for us to get back to

the design of a digita l scope. We
won't be doing that unt il next time
because I need this space to finish
going th rough OUf discussion of qen
erator s. alternators , voltage reg
ulators. and all the rest of the stuff
you meet when you take a trip to the
always amazing world of chargi ng
systems.

As I mentioned last time. I was
amazed by the amount of interest in
this and. as a cert ified member in
good standing of the old car and bike
freak club (wi th a particu lar emphasis
on British stu ff). my duty is clear.

We 've already gon e through the
basics of the charging system and
seen that there are really only two
ways an alternato r can be wired into a
bike or car. One side of the field wind
ing is tied to either the hot side of the
battery (a pulled -up fi eld) , o r t o
ground (a grounded field). Most Brit
ish cars and bikes use a pulled-up
field and you 'll find a lot of American
cars using a grounded field . I said this
last lim e but it 's really important so let
me repeat it. Before you can build
your own voltage regulator, you HAVE
to know how your alternator is wired.
Using the wrong regu lato r will de 
stroy the regulator and probably trash
the alternator as well.

The easiest way to tell what sys 
tem is used in your car or bike is to
use a mulumeter; W ith the ignition
turned on , but the engine not running,
measure the voltage from the hot side
of the battery to the terminal marked
" F" on your existing regulator. If you
get a reading between 12and 13 volts
(the batt ery voltage), your car ts using
a pulled-up field,

If you get a zero, or near-zero read
ing , you' re probably looking at a
grounded field . You can make sure by
reading the voltage fro m the reg
ulator 's "F ' terminal to ground. You
should see the 12- to 13-volt batt ery
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capacitor instead. Once the car was
back on the road, I figured I'd be able
to drive to the parts supplier. get the
right component. and make the cor
rect substitution.

That was several years ago and,
even though I've made many trips to
Caoecnors-a -us since then. I've nev
er replaced the original polarized ca
pacitor. I knQIN it's the right thing to do

TO A L.TERNA TOR.,
~/E,LCJ 1V6V,lMYc;.

FIG. 3-PART5- PLACEMENT!W1RING OIAGRAM. Use at leas t 14-gauge wire lor the three
connections to the vehicle 's e lect rical system.
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has been dropped to 100 ohms but.
as I said earlier, you can replace it and
AS with a single resistor.

Before we take this any further, a
word or two has to be said about C3.
When the voltage on the output side
of the regulator changes. some volt
age is bled off through C3 and used
to help speed up the action of the
regulator. That is true both when the
regulator is supplying current to the
alternato r field and when it 's shutting
the field current down as well. So,
when the regulator is working. cur
rent will flQIN back and forth through
C3 .

Whenever you have that situat ion
with an electrolytic, the right compo
nent to use IS a non-polarized capacr-

FIG. 2-FOIL PATIERN lor the grounded
76 lield regu lator.

~
~

r tor. Telephone circuits use them all
-s the time. If you can't find a non-polar-
.~ ized electrolytic of the proper value, a
§ standard substitute is to use a pair of
~ polarized capacito rs wired fron t-to-
w back in parallel. When I was building
,Q the circuit, I didn't have a non-polar-
~ L----~2 v,.- J ized 22 jJ.Fcapacitor around so, since

I was in a hurry to get the circuit in my
car, I just used a regular polarized
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engine and the alternator you need
should havea high enough maximum
current output at about twice your
engine idle speed. The voltage reg
ulator will take care of determining
hON much below that maximum cur
rent is right for your system. All you 'll
have to do is put a multimeter across
the battery and adjust RIO.

What makes everything compli
cated is the fan belt. You want to be
absolute ly sure that. once you have
the new alternator mounted next to
the engine, you can use a standard
size fan belt. This is such a big deal
that I'd remake the alternator mounts
to change the Circumference of the
needed fan belt. Nothi ng is worse
than not being able to get replace
ment fan belts from any auto supplier
in the universe.

I wish J had a simpler answer to the
problem of generators but all I've ever
done is replace them wi th alter
nators. I'll admit that irs a lot more
work than building a replacement reg
ulator but the ultimate outcome is a
lot better. R-E

eo, Boll 06017
Ft. Myers. FL 33906

(813)936-2397

your reliable source for
a world ofcrystal clear

commumcation

• Commercial Two-Way
• MicroProcessors
• Amateur/ Experimental
• Scanners/Morlitors/Pagers
• Satellite-Telemetry
• Plus custom applications

EXPEDITED ORDER SERVICE!
FOR FREE CATALOG.

CALL OR WRITE;

JAN CRYSTALSVISA-

generator. The only problems you' ll
have are mechanical one s, s ince
you'll more than likely have to fab
ricate your ONn mounting bracket s
and you may be forced to do a bit of
surgery to make everything fit in se
curely. Vv'hile doing a substitution like
this is simple in theory, in pract ice
there area couple of nasty things that
can screw you up if you're not careful.

The two big hassles are the sub
stitute alternators maximum current
output for a given RPM and the size
of the alternator pulley. As your start
ing point, you want the alternator to
be able to generate enough current
when the engine is idling. I can't give
you exact figures since they'll depend
on your vehicle. vou might be able to
get them from the paperwork cover
ing your existing generator.

Once you have a ballpark current
figure, you ' re ready to start the
search for a suitable alternator. Most
alternator pulleys are about half the
diameter of the main one driven by
the engine. That means the alternator
generally turns twice as fast as the

but I've never gotten around to it. The
choice is yours ,

The foil pattem for the grounded
field regulator is in Fig. 2. and the
parts-placement /wiring diagram is
shown in Fig . 3. If you have last
month 's column around , you 'll see
that the new pattern is not very dif
ferent from the pattem for the pre
vious regulator.

Once you have the regulator ready
to install in your car, use at least 14
gauge wire for the three connection s
to the vehicle 's electrical system . Re
member that the field windings in the
alternator have an impedance of only
about four ohms so, with a minimum
of twelve volts from the battery. the
wire has to carry at least four amps. If
you haveany doubts about the gauge
of the wire. use the same stuff that
was there originally.

The only other precaution to take
when you're USing either one of the
two regulators is to realize that. since
they' re designed to be adjustable,
they're capable of making the alter
nator put out a lot of power; Vv'hile that
isn't so bad for short periods of time,
having the electrical system run at a
constant level of sixteen or seven
teen volts is a good wayto blow stuff
up.

As soon as you have the circuit
connected and you' re sure that the
whole charging system is wor\<ing,
spend a little bit of time with your
multimeter to calibrate the potenti
ometer <R lOl . Adjusting the potenti
ometer will change the trip point of
the regulator and you shou ld have
those voltages marked wherever you
have the potentiome ter mounted.
Red -line th e settings at six teen
volts-you never, NEVER want the
system voltage to get beyond that
point.

If you're one of those unfortunate
people who havea generator as your
system 's electrical engine, none of
the circuits we 've developed are suit
able. As we discussed last month,
since the amount of current you get
from a generator is solely dependent
on how fast irs turning, the only way
to control the current being fed to the
electrical system is to have a make
and-break type switch between the
generators output and the rest of the
electrical system.

You can always use an alternator!
regulator combination in place of a
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continued from page 13

FIG. 3-AN AUDIO LIMITER will tum Ihe vo lume down for you whenever Ihe sound gel s
100 loud.
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specified value, the relay will be
energized. When the tempera
ture rises again , the relay will be
de-energized . For example . to
trip at to .SoC. add the lin es
shown in Listing 2 between lines
16 and 17 of the original pro
gram .

You can also change the value
in the FOR-NEXT loop to alter th e
time between sa mples . For in 
s ta nce, on th e author's sys tem.
ch a ng in g the va lue to 500 0
causes samples to be co llec ted
once every 10 seconds. The exac t
tim e depends on you r PCS speed.
so you'll have to experiment.

With a longer time between
samples, you can leg data sa m
ples to disk. To do so, cha nge
lines 4 . 16 and 17 as shown In
Listing 3.

Th read and d isplay the resul
tant data. r u n t he program
shown in Listing 4 .

Other inputs
The s ignal condit ione r circu it

ca n accep t othe r Input sou rces,
Including ltnea r-d ts placem en t
pot en tiome ters (LDP·s ). pi ezo
elect ric transducers . and micro
phones . An LDP Is a specialized
po tentiometer whose wi per
moves linea rly Ins tead of In the
normal circula r fas hion . Usually
th ese extremelyaccu rate devices .
wh ich can be purchased from
su rplus elect roni cs su ppliers , arc
mecha nically co n n ec ted to a
movin g mechanism . They con
vert linear motion Into a cor re
spo nd ing resistance . If a DC
voltage is placed across the LDR.
the output a t the wiper is a volt
age proportional to the a moun t
of d isplacement of the s lide r.

Piezoelect r ic devices ca n be at
~ tached di rectly to a s u r face to

measure tens ion and stress . Un
~ like an LDP. a piezoelectric device
... produces a voltage directly. hence
'1 doesn 't need a DC voltage source.
.o~ A microphone can a lso be used to
_ mea sure s o u nd- re la te d p h c
l! nomenon.
w In fact, any device that ca n pro
~ vide a voltage that var ies between
a: zero and a few hundred millivolts

ca n be connected to th e circu it
82 described in this ar ticle. R-E

amplifier has to pass through the re
sisto r on the +V line. The amount of
current drawn by the amp will vary in
direct proport ion to the amount of
wor!< the amplifier has to do. As the
input signal increases, so does the
amount of current the amplifier needs
to handle it.

The voltage created across the re
sistor is a DC analog of the AC audio
voltage at the amplifier 's inputs. The
DC voltage co nt rols the transistor
and, when it's high enough. the tran
sistor will turn on and energize the
LED in the optoisolato r. That will
change the resistance of the pho
toreststor wired into the amplifier's
feedback loop and. as a result. cause
a change in the gain of the amplifier.
All the parts used in the limiter are
easy to find with the possible excep
tion of the optotsolator. That isn't a
big deal since you can make one of
your own by using a standard LED
and photoresistor. Just put them next
to each other in a small tube and seal
up the tube ends to make it light-tight.

Building the circuit is a lot easier
than gett ing it into your TV set. If you
have any doubts at all about doing it,
you're much better off forgetti ng the
whole idea. You really don't want to
blow up the TV or yourself in the pro
cess of modifying the audio.

If you're TV has an earphone jack.
you can build the circuit in a small box
and run the audio from the jack.
through a small isolation transformer.
through the limiter, and finally con
nect it to a separate amplifier and
speaker.

POWER-S UPPLY REPAIR
I have an IBM·compatible com

puter and the power supply died
on me. I too k it out of the case
and, after some Investigation, l'm
pretty sure that one of the trans
form ers is shorted. It seems like a
shame to buy a new supply since
all it would take to repair myoid
one is replacing one component.
Do you have any sources of sup
ply for the tran sformer I need?-
G. Benfisch, New York, NY

All of the IBM -type power supplies
are regulated switchers and they all
use at least two transformers-one
for the AC line voltage and the other
for the switcher. You didn't specify
wh ich one was sho rted but re
member that both of them have to fit
exactly on the printed circuit board.
You can probably find a replacement
transformer that has the same specs
as the one you need but you also have
to make sure it fits on the board.

If you are willing to devote a lot of
lime to catalogs. ads, and the tele
phone. yo u might co me up with
something suitable. but since a whole
replacement supply costs only about
forty or fif ty bucks from just about
every supplier in the universe. I can't
see any reason to screw around with
fixing your old one.

Your time has to be worth some
thing. and even if you found a replace
me nt trans form er I wo uldn 't be
surprised if it costs as much as a
whole new power supply. But then
again, the education just might be
worth the expense. R-E
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r------------- --where lin e-powered op eration of
the proje ct m ay become mar
g inal. Performance In the talk
path is normal, but the received
audt o may have a p umping
sou nd due to the lack of available
curren t to reproduce the audio
peaks.

Wh ile the project would still be
usable, Fig. 7 s h ows a s imple ex
ternal power addition wh ich con
sis ts of adding a 118-in ch mini 
a tu re jack (J2) . a OPDT s lide
switch {S 3 }, a n d a diode (02 ).
The parts ca n be mounted on the
rea r panel of the projec t case and
wired into the printed-circu it
board. The PC board is prepared
by re moving jumper J UI a n d
con nec ting the two wires from 8 3
In place of JUl: the ground con
n ection can be made to a s pare
hole In the board provided for
Ihi s purpose .

As s h own In Fig. 7, 83 will
switc h the unit between being
lin e-powered and powered from
an exte r n a l so u rce. If you ' re
us in g the ex ternal-power m od i
fication, a 4 .5- or 6-volt DC wall
ada ptor Is perfect. Do no t exceed
6 volts, as the Zener di ode Is not
in the c ircuit when using exter
n al power.

Th e S peaker-Male is not a
s ta nd alone telephone because a
rin ger Is n eed ed to hear tn com
Ing calls an d a di aler is required
to mak e outgoing ca lls. You may
wa nt La add the ringer to the
Speaker-Male. as s hown in Fig.
8 . The to ne ringe r ch ip (IC3),
manufactured by Texas Instru
ments , m onitors the telephone
lin e for a rin g signa l of 15 to 68
Hz, 40 to ISO volts AC. The ring
s ignal powers a two-tone warble
s igna l generated by IC3 . The out
put of the device drives a solid
s ta te pi ezoelectric transdu cer.
The ci rcu it can be insta lled with
in the Spea ker-Mates enclosure
a n d th e tran sducer can b e
moun ted on th e front or rear pan
d. with a s ma ll h ole drllled as an
audio port.

There Is a lso a dialer c ircu it
you can b uild using Motorola 's
MCl45412 IC a nd a handful of
other miscell aneous parts . The
schematic for the di aler ci rcu it is
available from Projec t-Mate {sec
the part s lis t} If you send a self
a dd ressed s ta m p ed envel ope
(SASE). R-E

conunuea from page 66

User add-ons
In a rural tnstallauon . the add

ed d is t a n ce from t he cent ra l
phone office can cau se a reduc
tio n in loop curren I to the poin t

SPEAKER MATE

gat n is built into the unit to allow
for differen t ele c t re t mi cro 
phones . but it ca n be se t very
high before a ny feedback occu rs .
You can ac tually se l the ga in to
the poi nt whe re you ca n be heard
on the speakerphone in a n adja
cent room .

With the uni t plugged in to
you r phone line . turn th e ANSWI'; I~

switch on and you should hear a
di al tone. (You m ay n eed a "Y"
adaptor to put the Speake r-Male
In parallel with a n ex isti ng tele
phone.I The dial tone wl11 no t be
very loud because the device Is
designed 10 IimH the volume of
the dial output. but you will hea r
it. The LEVI':L con tro l will respond
on lya lit tle bit d ue to the limit ing
ac ti on of the dtal-tonc detect or
within rei.

Th e next s tep Is to ge t a friend
to help you set up the micro
phone ga in . The mid sett ing wl1l
probably b e close , but you may
want more ga in dep ending on
the env ironme nt a nd If you want
to be able to use the device at
s o m e dis tan ce . Re me m b e r,
though . that a t btgh cr setti ngs
backgrou nd noise will a lso come
th rough a n d the s peech m ay
have a n echo. For desk u se. a set
ting can be found tha t a llows
ta lking in a normal voice with the
unit plac ed abou t 15 to 20 Inches
from the u ser. Remember that
the person you are tal king to Is
the judge of the mi crophon e set 
ting. an d the VOLUMI~ co n trol a f
fects only you r received listening
level.

On ce se t up. you must ca ll
s o m eo n e on a co nve ntio na l
phone , turn on the S peaker
Mate, and then hang up the reg
ular phone. lb recei ve ca lls, s tm
ply answer with the Sp eaker
Mate a n d spea k In a n orm al
voice. The sou n d q ua lity is so
good that the calling party wl1l
probably not even know you arc
using a s peakerp hone .



COMPUTER CONNECTIONS

Multimedia mayhem

JEFF HOLTZMAH

M ultimedia. It may be the first
overhyped buzzword of the
90 's . Oru may be the begin

ning of Gut enberg II. Gutenberg I oc
curred around the year 1440 , when
Johannes Gutenberg invented mova
ble type, thus clearing the way for
high-volume prin ting. High-volume
printing did two things: it vastly in
creased the variety of literature avail
able . and it vas tly increased the
audienc e for that literature. Sixty
years later, millions of books had
been printed. and Europe was home
to thousands of what we today might
call " Qwlkpnnt" shops. Five hundred
and fifty one years later, we 're on the
threshold o f another revolution in
publication technoloqy. Gutenberg I
brought to the masses media for the
efficient transmission of language ;
Gutenberg II will bring to the masses
media for the efficient transmission
of all aural and visual information.

That's a grandiose claim. However,
the confluence of several soc ial and
technol ogical factors makes it a likely
one.

Socially, traditional forms are los
ing out to other media. literacy is
dropping; mixed-media forms of edu
cation and entertainment are becom
ing increasin gly popula r. Peopl e
depend more on CNN than the New
York Times to keep abreast of current
events. Computer-generated graph
ics receive frequent showings in ma
jor art centers. Elect ronic music has
received the at te ntio n of serio us

t\,I composers. Live drama is now min
2! uscule compared to film. Traditional
~ print publishers are dabbling in newj forms-books on tape , ency clope
• dras on CD-ROM. And video games

,~ are preparing an entire generation for
<: a life time of interacti on with elec-

W

-i tronlc media, High schools are gradu
ating illiterate. innumerate people; to

~ compe nsat e . co rpo rations are
a: spend ing billions educa t ing , re-

educating , and preeducating this in
64 creasinqly unqualified work force.

MULTIMEDIA
APPlICAliONS

GRAPHICAL ENVIRONMENT
WITH MULTIMEDIA

EXTENSIONS

CPU MEMORY DISK VIDEO

FIG. 1-MULTIMEDIA ARCHITECTURE
provides a standard interface for muttt
med ia appli cation s to build on.

You may bemoan the loss of tradi
tional modes of communication- and
I would join you. Noneth eless, it's
happening. So you can either throw
up your hands or find a '!Nay of pre
serving the old while embracing the
new. And that's where multimedia fits
in.

Gutenberg II
In addition to those social factors,

the re's a whole lot of technology
coming together to set the stage for
Gutenberg II. The basic architecture
is sho......'n in Fig. 1.

Mu ltimedia demands computing
power, including a fast CPU, lots of
memory CRAM) and permanent stor
age (disk), and high resolution video.
Now this base technology level is
here, at affordable prices.

On top of the base technology
layer is a user-friendly graphical en
vironment. with special extensions to

VENDOR INFORMATION

SideBar ($99.99) , Paper Software,
P.O. Box 567, New Paltz, NY 12561.
(800) 551-5187, (914) 255-0056.

CIRCLE 41 ON FREE INFORMATION CAR D

High-Tech Ventures, The Guide for Entre
preneurial Success, (529.25) C. Gord on
Bell and John E. McNamara, by Addison
Wesley, April 1991.

CIRCL E 42 ON FREE INFORMATION CARD

handle new media (sound cards, CO
RaM drives. MIDI interfaces, laser
disc and other motion video sources,
etc '>. The graphical environment is a
highly contentious area right now. but
recent events lead me to the con
clusion that when all the smoke
clears, there's going to be much less
different among the competing sys
tems than there is in common. Win·
dows, OSI2, and the Mac environ
ment are all headed toward start
dards . Architectural layering will hide
underlying technologies, so it won 't
matter whether you' re running the
Mac Finder, Windows' Program Man
ager, or the OS/2 Desktop. It' ll mat
ter even less whether it's an Intel or
Motorola CPU under the hood. When
you plug in the latest multimedia ex
travaganza, it 'll just run.

At the highest level are the applica
tions. There are some 2500 CD·
ROM titles in " print" right now. Few
of these are multimedia based; the
vast majority consist of pretty boring
text/numeric databases. However,
several dozen full multimed ia t itles
will be released between the time this
is written and the time you read it ;
1992 promises the release of hun
dreds of new tit les. Such as? HO'N
about: Compton 's Multimedia Ency
cloped ia, the Guinness Mu ltimedia
Disk of Records, Just Grandma and
Me: A Broderbund Living Book,
Countries of the World, Composer
Quest, The Electronic Library of Art ,
Berl itz language lessons (Spanish,
French,German, Italian),Great Cities
of the World, Batt le Chess, SimCity,
The Macmillan Dict ionary for Chil 
dren. Multimedia Beethoven, Intro
du c to ry Gam es in Fren ch and
Spanish, World At las, Desert Storm.

There are other factors contribut
ing to this revolution in publishing.
Hypertext research initiated by Ted
Nelson in the early60's plays a promi
nent role. Advances in cognitive and
instructional psychology also contrlb
ute Significantly.



TABLE 1- MULTIMEDIA HARDWARE LEVELS

Component Base Level Power User Develo per

CPU 80286110 MHz 80386125 MHz 80486133 MHz

RAM 2 MB 4 MB 16 MB

Hard disk 30 MB 80 MB 0.5-1.0 GB

Video VGA (16 color) VGA (256 color) 1024x768 x256
color, non-interlaced,
video overlay

Optical storage' CO-ROM with audio output

Audio' Bcbit OAC, 8-bit ADC, 11 and 22 kHz sampling rates.
t e-blt DAC and AOC preferred.

Multi-voice synthesizer.
MIDI

' Note: Required for upgrade kit

Gutenberg III w ill support ? Even bet
ter, when it' ll happen?
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FIG. 2- S10EBAR is the most elegant Win-
dows shell on the market. It wo n't over
load you with feal ures ; rather It adheres lo
a sma tt - ts-beautnut ph il osophy. Nice
work.

N ews bits
Intel's microprocessor line is com-

ing un de r increa sing pre s su re .
Chips & T echnologi es . which
has suffered financial hardships in re
cent years, has bet the farm on two
new chip l ines that the c ompany
hopes will restore it to the glory of ~

former days. One line comprises a ::.
set of 386DX and 386SX CPU's: the ~
other is a complete PC -on-a·chip. iii
The latter combines fully compatible _~

vers ions of the major system co mpo- ?l
nents (8086 CPU. 8254 timer. 8259 ~1;r
interrupt con troll er, DMA emulato r, m
xr bus controller, CGA qraphrcs con- §ir
troll er, and 16C450 UAAT) in a single ~

package called the F8680 . Building a ii'
system with the F8680 amounts to

continued on page 92 85

HI=lijj=l lq ",,"I. ~ "IlL.....J ~ • • • • L:Jjj •• • 11

Conclusions
Above I said that Gut en be rg II

would support all sound and visual
info rmat ion. Want to gues s wh at

MPMC. The IBM / M icrosoft battle is
one thing , but bear in mind that IBM is
heavily involved in multimedia tech
nologies. A few years ago Big Blue
introduced a touch-screen sys tem
that is widely used in training applica
tions. The com pany has an entire divi
sion dedicated to educat ional sys
tems; it has funded or sponsored
projects that we'll soon be hearing
lots about. includ ing one on the voy
age of Columbus. Other IBM tit les
include Ulysses, the Declaration of
Independence. and Hamlet. Expect a
strong showing-when IBM is ready.

There are some other technologies
that have been hanging around for
years, waitin g to become economical
and adopted by large numbers of
users . DVI (Digital V ideo Interactive)
is one: CD·I (Compact Disc Interac
tive> is another. Irs too soon to tell
whether the Microsoft /MPMC sta n
dards will really take hold. It's like ly
that they will, however. These sian
dards are comprehensive, are built on
gen eral-pu rpose comp ut ing pia l
forms. and are supported by a fairly
broad spect rum of vendors . W hy
would the average co nsumer buy a
CD -I player when he or she can get
the same effect on a PC that also
allows word processing, chec kbook
balancing, etc? DVl, CDI. and similar
technologies wi ll eith er become corn 
pliant wi th emerging standards, re
main as they are and carve out niche
marke ts, or simply die .

Getting in st e p
Chances are you don't own a multi

media-compatible PC right now. But
as those tit les are release d, you 're
going to start thinking strongly about
buying one. or about buying an up
grade kit for your existing PC (or buy
ing separate co mponents for an
upgrade J

Microsoft has def ined a basic mul
timedia PC as shown in Column 2 of
Tab le 1: pe r fo rma nc e- conscious
users will want a system like that in
Colum n 3: developers w ill opt for
so meth ing like Column 4 . An up
grade kit consist s of a CD- ROM
drive, along wi th an audio board that
provides ADC. DAC, and M IDI sup
port .

NCR . CompuAdd. Tandy. NEC,
Olivetti . Zenith , Fuj itsu, and Philips
have all announced or begun shipping
multimedia PC's; prices start around
$ 2500. Upgrade kits starting around
$700 are available from CompuAdd,
Creative Labs. Headland. Media Vi·
sian. and Tandy.

It's only a matter of lime before all
major hardware vendo rs provide sim
ilar offerings.

Standards a nd c ompetition
Microsoft initiated formation of a

trade group, the Multimedia PC Mar
keting Council (MPMCJ. Since its for
mat ion. however, t he MPMC has
attac hed itself to the Software Pub
lishers ASsociation , there by guaran
teeing that no one vendor's interests
w ill be se rved at the expense of
others---or the consumer's .

Non etheless, there is IBM, which
has been strangely silent about the
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To ru",.,... OW" clo...,h. <I..,. put one ..",<1 "" each'" I". ~"" _ ,,'" ..."" 11,•• '",m along .~n rout ChKk 10 '

CLASSIFIED AD OR DER FO RM

Specia l Category ; $2500

PLEASE PR IN T EACH WORD S EPA RATELY, IN BLOCK LETTERS .
(No refu nd s or credits IOf typesett ing errors ca n be made unless you clearly p.inl or ty pe your
copy.) gates indicated are roe slanda.d style class lIre<! ad s only. See below lor addrl ron al
charges lor spocat ads, Minimum : 15 word s .

Radio-Eleetronics Class ified Ads . 500·B Bi·Counl y Boulevard, Farm rng dal e. NY 11735

PLEA SE IND ICATE in wh ich cat egory o! classrte d ad verfising you w ish your ad to appear, For
special headings. there rs a surcharge of 525.00 .
( ) Plans Krl S I ) Business Opportunifies () Fo. Sate
( ) Educ at ion tnsnucnon () Wanl ed () Satellite Telev rsion

I I :::::;:::::;;:::::=.:.:~;:;;::==========

CABLE TV converters: Jelr old, Oak. Scientific At·
rente, Zenith & many e rers. "New M1S· stereo
add-on: mule & volume. Ideal 'Of 400 and 450
owners! 118001826-7623 , Ame x. Visa. M 'e accept
ed . B & B INC., 4030 Beau-a -Rue Drive, Eagan,
MN 55122.

TUBES, new. up to 90% 011. SAS E, K IRBY, 298
West Ca rmel n nve. Carmel. IN 46032.

T.V. notch !IIIm s, phon e rocording equ.p ment, bro
chure $1.00. MICRO THlnc. Bo x 63 6025. M argate.
FL 33063 (305) 752 '9202.

CIRCUIT Boa rds Co mplete plinled circu il lalr
neaten lrom single sided to produCl ion multilayers.
Twent y· lou r hour turnaround avai lable. CIRCUI T
CENTER, PO Bo x 128, Add ison , IL 60 101. (708)
543- 06 71.

PRE VENT desaambll!f de lecbO<l&dam~e!Order
Tech·BIock loclay! Simp le m·lin e connecton. Only
$19.95 P.P.D. THE STAGE DOOR VIDEO, PO Box
518. Belleview. FL 326 20 . For C ,O,O : s 1 (800 )
395·4557,

E.p<faliQnOalc

2 3 , 5

6 7 8 9 10

t t 12 ta " 15 i $46.50)

16 ($49.60) 17 ($52.70 ) 181S55 80) 19 ($ 58 90 ) 20 (56 2.00)

21 ($65,10 ) 22 ($68.20) 23 ($71 ,30 ) 24 ($ 74. 40) 25 (S77.50)

2{) ($80,60) 27 ($83.70) 28 1$8 6 80 ) 29 ($89.90) 30 1$93.00)

3 1 ($96, fO) 32 ($99.20) 33 ($ 102 .30) 34 ($ 105.40 ) 35 ($ 108,50)

WeiIOCeplMasterCard and V,sa 101paym<ml 01OIlIefS II\OUw 51> to use \OUrcreon card 10 pay lor \OU.ad f'lI
,n Ihc 10110","11\9 addll00na1rnlormarron (Sor ry, no lelepOOne OIOOrScan De ar:c~e<l)'

Card Numbe.

WIAEU SS tAl lI • IFTS · MIIlOS , "","IN' TV
IJIb1 HigIlGOiII soe (.) . T_ U 112.1 G/Iz•

• 36-0.- S,mmCornlliCIf ' I ~g 9!i
. 1 2-a.- S1$IefII~S I I ~ 9!i

• Cal... Milt (SASf) l(Y '"'FlIn · ClIl>i><I
'Mllll'S·n t K EU CTIlOIICS
P.O. 801 1533. Sea"l d.ll, At nuz
f602}94T·n OO(SUO Cioill.1I,- ..d.... )
M..,I<t. .. . V\I.I • COD', • ......., """'"

r.Ji O"lIIy Microwave TV Antennas

d... .. ,

Please Print Name
==::-- 1= :-- _ELECTRO NIC superma rlcet surp lus price s! 'trans

for mer specia ls, ra ilroadllls. bui lde rs . engineers.
experrmenlo .s, LS ASE , FEATIK 'S, 5400 Ella, Phi ·
Ia., PA 19120 .

86

OUR moo lhly picture f1ye. Iists quali ly su rplus pat1S
at low prices. Srng\(! and quan tity prices. STAR ,
TRONI CS, Bo x 683. McMmnville. OR 97128.

PHOTOFACT lo lde.s und er # 1400 $5.00. Others
57 ,00, Postpaid. LOEB, 414 Chestnu t La ne. East
Meadow. NY 11554. (516) 481.4380.

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE
NUMBERFOROUR FILES. ADS SUBMrnED WIT1iOUT THIS INFORMATION WILL NOT BE ACCEPTED.
CLASSIFIED COMMERCIAL RATE: l tor films Of IIld .. iduals ofterr"'l commercial prQduc1s Of serv,ccs)
S310 per word prepaid ree charge tor z'p cO<le) . MINIMUM 15 WOROS. 5"10 closcounl tor same ad III 6
'ssues: 100d<scount tor same ad in 12 'sweS Wltt>onone )'lar ;4 P"'P8 id NON·COMMERCIAL RATE: ltor
,ndividJals who wanl Ie buy cr setI a per.;on.al 'Iem. $2.50 par word. prI)JlilKl.__ .oo ",n,mum ONLY FIRST
WORD AND NAME set II>bokl caps at no c. tra char9l! . AdditIOnal boIdtacc (nol av<!I'" blc as all caps. SSe
per wo. d . ddil ional. Entllooo,n boldlaco, $.310 per WOld TINTSCREENBEHINDENTIRE AD: $3,85per
wo.d. TINT SCREEN BEHIND ENTIRE AD PLUS ALL BOLD FACE AD: Sol .SO pet word EXPANDED
TYPE AD: $4.70 per wol'1lp. epald. EntllO"" inboldlaco.5560 per wo.d TINTSCREEN BEHIND ENTIRE
EXPANDED TYPE AD: $5 90 pel" 'M}f(j . nNT SCREEN BEHIND ENTIRE EXPANDED TYPE AD PLUS
ALL BOLO FACE AD; $660 pel" word DISPLAY ADS: ,• • 2W - $41{l 00 ; 2'" • 2\'. -$82000; 3' •
2V,'-$123000 GffiCfll Inlo' mallon: Ffl'Quen<:y ."I os and prepaynwnl d,scounlS arc evaaatse. ALL
CDPY SUBJECTTO PUBLISHERS APPROVAL. ADVERTISEMENTS USING P.O. BOX ADDRESSWILL
NOT BE ACCEPTED UNTIL ADVERTISER SUPPLIES PUBLISH ER WITH PERMANENT ADDRESS
AND PHONE NUMBER. Copyto be m w r hands on tho 511' of Iho third month prCCildlng tho date of Iho
rssue. (r.c., Aug. 15sue cllPVmuSi be IfloCO,"'X! by May 5Ih). When normal doSIng dalO failS on Salurd"'! .
Sunday Of Hohday. ISS"" closes on precedIng wori<,ng day $end lot the c!.asSlI,edbrOChuro C" cle Number
49 on rf>EI Frw InlOfmatoon Card
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Subwoofe r InpuVOutput Terminal

#R M·265·275

Fam ous Maker3·112"Speaker Pair
Oual ~on.. 3·112" s pe aka.
p.a~ 10' upgTading tied<
duh apo o1l<a lS. G,aphita
Ill... corrpos~.. ""001$0' cona
Pfa-idos a IIflOOlh e>tanded
'es po nsa at anpower lovats.
Th$ high !r&quant y rad ialor
('wniZza') lakes oYe' Ilomlho""OOler at6.00J Hz and
g_TI1 .. ' letid l th. response pasl 20 KHz. Suontium
Ie"... magno!. 3/4" high I""",,'alu ' e voic.. toil .
l/f'C8danca: 4 ohm. PO"ottr hand ling t apab<Jity: 25 wa ns
conMu""l . 70 walts poalI. Frequ ont)' raspons.. : 12G
21.000 Hz. Eq u",edwoh d....l l c.""n. Mad.. lntho U.S .
by a tofTl>IIl y WOh OV'" 40 year. " 'pe<ierQ in the auto
soul'lCl mul<eI.

."1.20
1.30
.ss

1,50
1.30
1.50
1.10

CALL TOLL FREE

{l e..,p}

1-800-222-5620

TUBES. Tho usands. S .85, None higher. SAS E for
list. CHUCK ADAMSON, 3410 Sands, El PAso, TX
79904 . (915) 757-8609 ,

CB TV Jerrold 450-DI C $45 .00, JS X·OIC M35B or
SB·3 S19.00. ATe·56 $79.00 . Other brands in
stock. fol' dealers only (405) 68f>-2Q48.

DESCRAMB LERS, all brands, examples Tocom
VIP wlr 5275,00. Oak RTC.56 wlr 10 ('; $89.00, M--3
5-B $35.00 - 10 (<I' $29 .00, F.T.B . 10 @ S59.oo,
SAJ·B 10 ~I' $59.00. Hamlin CRX ·6600 wlr to (ti)
S79.OO, Sytvania 4040 DIC replaces Jerrold 400
DIC wlr 10 (tl $69.00, lull warranly C.O.D. orders
O K MOUNT HO OD ElE CTRONIC S, (206)
26Q.0to 7.

TEST TURN·ONS SA 8580 SA 85SO SA 8500 SA
8570190Zenith all Jerrold Starcom 6/7 TocomoVlP
$44 ,95 each 1 pc boxes SA 8580 Starcom 7aB
Pioneer 6110 Tocom VIP S279.95 each. 1 (800) 74·
CABLE.

,~V'SA IIiiii COD

TIIos$ an'ac1M1.Pfolormod'uned
port l a!1owIll. bad<p''''IIl'. ra·
dia:ed hom too leaf or ttl8wod.r
to roin!()(08 111.. sound 1eve4 in
l,onl. Mada 01blatkpta $\ot.

12 Gauge Neon Wire
The co"l"'!~ion ;., todayl

au lOw und t Onle sts is so ....,;~~'i'~:.,.,......riluc.. lhal goodsound
aloneis no! enoug~ 10
lOin. More and rrore
insta llors a'e I T' ''ing 10
mak.. the ir I~stallat ion

rrore pleasi ng to Ih.. ey.. .
fllnl E>;l'ess nowstod<a
12gaogo speake' w~a invibrao1 II80ncoIorI . This wr e is
tha I<l108 h;gh quaiit;'. mad.. In Ih.. U.S . wi.e you ha va
usod t>e!o< e. but now l has lIash1. neon co lored ins ulAting
jadl "'s. Auallable in II80nplnk. neong'....n. and noon
orang•. SoI:l l))' 100rOOl onor SOIt. apooII ,

NRM·l00· 152 (Neon p i n k) 49~
NRM·10Q· 166 (Neon o ra nge) 1Ft.
IIIR M·1 0 0· 1? 0 (Neon green)

Tuned Port Tub es

..

. RM·260-320 2' 1·718" 1.40

. RM·260-321 4 ' I ·7i8" 1,GO

.RM·260·322 5' 2' 1.65

. RM·260-323 r 2·71S' l AO

. RM·260-324 5' 2·7IS· l.6 5

. RM·260-326 :r 2·7IS· Ul5

. RM·260-327 2·112" 3-718" 1,S5

. RM·260-3 28 5· 3·718" 1.95
(2·up) No mi.in; to . qu.nl~y p ' lt ln;.

· 15 day """"'Y bad<; uar"":",, • $15.00 minimum ord"' ·
We acoept Masl &reard. Vosa. Dis aw",. and C.O.D,o.del$ .•
24 h""r s nipp ing · S hW ng d1arg$ . UPS dl arl '.1\$ .51.00
(U.OOmirN mum d lafge) • !-«lUIS 11,:)0 am . 700 pm EST.
Moncla1 · Frida1 · 9 ;00 ;un • 2 ;00 pm San"'laf. M;ajl Cfcleftu l lo........ .
pr&aS&talllo. Sh;PP;r>g "'limal . on o",e/$ • • tflIIdflg 5 1b1. For. ;gn 1-800-338-0531
dest inalion OJllor"." 1 ple.ase ..nd 55.00 U.S. fundi to<tal.1log p<>stag .. .

p•• mium po ned sp<>akar cabi-
nat mad.. ot atoustical arada
part ida board andcova'ed~h

. Iighu.a~ Ylnyl larnirlat., P, ..
CJl wilh an 11·114· holeror ......
IOith mosl 12' wooto.... Tho
bam.. board h... nO1weel..r 0'
mid'ana" hom 10 ' desig n Ila.·
b lily. n.. :1e- lho. p,ar'lido
ooatd en su lowp.tnel r.....
""rlte. Dimen s", ns: 11· . 15·,
27". Vo lumu: 2.5 CU ft Gr, I
and 19Jminal Included. Sold
i'>clividual!y:.

,
:;0 til Po""",,,"OISH SVSlt u
~ tllROOlJfT1' H""SVSI[U ' \13\lO
3OC\l CllYS1IJ. CO~'llOl.UD 5VSTlU l.:'9-O .95
~ I8CROWUlfit. III: $(.Ol l' II KIll
' lL lOI .~ Cll WlGOII llI!s(
!'IIIlI.' , AI, M l UU llI!U IIl
IM1) no-l1O~ YIll l PROOUtII
CRJ...mT ~Cll\Im

_1$ ...' l _ ....... CIIIIInI

301 0 E. Hst St.. 0..)'1011, Ohio 45402
Local: I ·513-m.ol73
FAX: 513·222-4644

Ferro Fluid

Light Oak Speaker Cab inet

NRM · 26 2·1 00

NRM·340·430

Pro-Tech !o" o fluid ~ tcI'MlOoly
used onvece to nS10 subs taoliall1
I-rpfOV$ 1' &quOOC)/ "",pon t e,
;'O &a$Ol lran t ient al'll:l <:onl inl>OUf.
pcIW{Ir hal'lCli"ll tapab< iti... and
' ed uc.. soc:ond and Ih itd otdor
harmonlt distO<1 iOll. h 'edUCOS lh..
oand low"" 1ho l"ll"dante peal<
at '8IOf\i\Ilt e IOitl>oula s igniflCanl
•eduction In SPL. Fa"o lIu'd can
alladlvel1 1ncroasa power
hand~ r>g cacabilil1 or a d riv.. , 1))'200- 300%. Gan. ' a l
purposol kJ'dlor_rars.and midralllles only. ieee
bolIlo {enough lor 75-100 _ I",,}.

$19~~"

YOI like to go expl or ing ? New computer maze
game - Dungeoo Tl ll el. Simple, fun. lor all ages!
abili lies. Full game $15.00. demo SJ.OO. PC'slcom
patlbles . colo r or mono, specuv disk (5. ~5: 3.5" )
creocm.c. 10: SENTE SYSTEMS,INC., Dept 67,
Box 9439. Anahe im, CA 9~a12,

OESCRAMBLERS: Oak S!.'ilma. vafisync . Hamljn.
SclenhtlCAllanta. Jerrold, PlOnoor, Sylvania. Cata
log $5,00 moneyorder (credited fi,sl ordel). service
manual s. schemaucs, SURPLUS ELECTRONICS.
PO 60_ 10009 . ColoradoSprings. CO 809J2.

TEST equ lpme nl pre·owned no w al aflo fdable
pr ices . Si gn al qeneeator s from S50 ,00 . c s
caosccoeslrom sse.OO. other equipmeot. I"duding
manuals available, Sood $2.00 U.S. lor catalog.
relunded on ta t order. J.B. ELE CTRON ICS, 3446
Dempster. SkokiB. IL60076. (708) 982·1973.

ELECTRONIC test equipment ar.d parts. Flee cata
lo g. EF EL ECT RONICS , Bo x 326. Aurora. IL
60506.

MASTERCARD AND VISA are now accepted
for payment of your advertising. Simply
complete the form on the lirst page of the
Markel Center and wewill bill.

CIRCLE 56 ON FREE INFORMATION CARD



VIOEOCIPHER Il /scann er/cab lei satell ile mod ifica·
sees books. Catalog - 53 .00 . TELECODE, PO
Bo x 6426- RE. Yuma. AZ. 85366-6426.

REMOVE VC R COfT'I Plotectlon. PCB PAL InSII\lC·
to ns $16.50 w,P&H. LOGICAL CHO ICE, 95 5 NW
Ogden. Bend OR 97701.

DESCRAMBl ER kits , ccocere cable kit $44 .95.
Complete satemte kit $49.95. Add S5.00 shipping.
Froo brochut'C. No New York sa les , SUMMIT RE,
Box 489. Bronx. NY 10465.

S"O ..... ~I l>f __ I6O_- -_ -_ 00 •__IlI, CtTt, '" Flol_ __, E..011~ "' "'"

h"". _ "'" _ 00. P..-""'"
l'o-o """.~..mI You <Oll
be " . _ ....,... ......... .....,..
"'"'" 00 ...... "'_ $.l 05

WllC.'der TechnologlM
14n 3 11nd...vRd.

l.h. o..b, Ohio 45154FromRecordl' CO's

REMOVE
LEAD
VOCALS

B UG, te lep hone. FM, plans. Conveft Rad'ostlacl<.
device . easy, $12.95 AlLAN LABS. PO Bo x 14302.
101 Allan Lane. Researc h Triangle Pal k, NC 27709,

PRINTEO circui t art wol k, Low cost. lor free inler ·
mano n write NEG RON ENGtNEE RIN G. 159 ner
field Place. Brook IVn. NY 11215. Fax or call (718)
768·4028 .

INVESTIGATORS, espenmenters Qua illy new
plans. MIcro and tesmcted devices. Free catalog ,
Self add ressed stamped envelopo leq uire<:! . K El ·
lEY SECURITY, INC. Sui te 90 . 25 31 Sawt ell e
Btvd.• Los Angeles , CA 90064.

BUILD our picture only. satel lite TV descsambl er for
most cha nnels, Uses6 transistor s and 4 ch ips . Most
pans from Rad io Shack . For ed uc.atrooal purpo ses
only. nOl lo OOlJsed illegally, Circui t boar d and plans
$30.00 U.S . funds. Circui t board. plan s, and par ts
kit $89.00 U,S. funds. BUild a super high economy
easbu retor. to make eight cylinder eng Ines run on
tess than one gallon of gasolinepe r hou r. Plans lor 5
types $20 ,00 U.S, fund s. Cheque. money ordor or
VIsa welcome. Order from VA l l EY MICROWAVE,
Boar Riv el, Nov a sccna. Canada BOS lBO. Tel.
(902) 467·3 !'>77 8 to 4 eas te rn lime. Fax: (902)
46 7-3937 an ytime .

REMOTE CONTROL KEYCHAIN

~
Ccmp~te w,'m1nl-lr.n.mlU",

e'" . ., I ncl. 5 vel: RF~.. Iy ll'l",Am.. · . Fully u~mblod Includl "~ p11118
.:".:,<. 10 build your OwnI ulo . tum
::L/' Ou.nbly d•• cotJnIa ....il'lll..

. $24 95 Ch,ck,Vl" Of M~
• Add S 3 &hlpplng

VISITECT INC, 11 01 14156, f'r" mon{ Ciii, &<IS39
(51 0)531-8425 Fax (510) 531 -8442PLANS AND KITS

... ... ...... PI1ESENTING ... .........

CABLE TV
DESCRAMBLERS

......... ... ... STARRING ...............
JERROlD. HAMUN. OAK

A'It) o n-ou "'NOV'> """ ' '''''IClVm R'$
• FINE$TW ARRAN TY PllOGllMl AIIMAa E
• LONErr RETAll llMiOlEWe I'llICES IN 1,1 5
• OROER5_0fllUMmxK~ ]4HR'$
• AU. MAJO R CR£OH CAJIO$ NX EPTW

. 0 .. , .... CATAU><i ,» ..Y 1..soo-l4S-8 9 21
,Ot! AI.4 ' ...O.... ATION Hna.7~)1

EDITOR wilh sour ce $4 9.00 mod ify and sell all you
like. No royal ties . Written in Qu ickBasic version 4.5,
M anual o n disk in cl uded , TA RB El l ElEC·
TRONICS, 5881 John Al'e nue.. Long Baach. CA
90805. (213) 423-2792 .

FASCINAnNG eiectrooc devces! Dazers! Lasers!
FM iAM-'phone tr an sm itters ! nerocrors! xus.as
sembled! Ca lalog $2.00 . OU ANTUM RESEAR CH,
16645 ·113 Avenue. Edmonton. AS. T5M 2X2.

HOBB Y..broadcasling HAM CB 'surve ilianee nare
mrtlers. ampht,ers, catse TV. science . buQs, OIller
qreat projects' Catalog $1.00. PANAXIS, Box 130·
Ft, ParadIS(!, CA 95967.

DIGITAL rec ord er. Dig ita lly reco rd any aud; o
source Mlh 5peClaI enects. Moerop rocessof ceo 
trolled device. Detaaed plans. $9.75: T. ZURAW,
Box 341. Dear born Hts . M148127.

PCB and schematic CAD. $195 .00 IBMEGACG A
Mult ilayer. rubterbanc, autovia, NC drill. laser, dot
matrix . plot ter. library. Gerber. AUTOSCENE, t0565
Bluebi rd st., M inneapolis. MN 55 433 . (6 t 2 )
757-8584 eoe demo dIsk.

GREAT value, Pre ci s ion !ully· regu lal ed suppl y
12 + xo-50V +/-D.Ol %5AO.5% ) ar.d ( t + x5V- 3A).
Tested pans asspecifIed Rad io EI.Mar,-go. No case
U,S . $560,00 + $2O.00 sh lpping (U.S.lCan) cheq ue
or M.O. to: BCH, 150 Clar1r. Blvd., Dept. 299. Bra
marea. Ontario Canada L6T·4Y8 .

CABIli 11 !f!IIPMEII1
UAK /lTC-56 99. /J(J MJ5- n 29 .00

RJO).... /J(IU.Gf PIffX». nSf O llf' ., ~ oo fA
mn:"., .' .\(11· \111' l .lO 00 nOl A ~",. oo

I M ....UN, Jf lfl1Ol.D. n :NrrJl•.~ . A. I.D W AS 19.00
M-' : M -.1/' PST. I- SOO-622_J 799

SAMI:" DA Y .'ilII PPlNG. i-V I.t WAI.'1lANTY

All major brand s carried
*J ERROLD, *TOC Ol\1 , *ZENIT H
*GENERAL INSTR Ul\lENTS
*SCIE NTIFIC ATLANTA, *OAK
*HAI\1LIN, *EAGLE, "' PIONEER
7th Year in busi ness. Th ank You
M embe r of Omaha Cham ber of Commerce
I Year warranty on new equipment
30 Day money back guarantee
Orders shipped from stock within 24 hou rs

i CALLTODAYFOR AFREECATALOG

'1 1-800-624-1150
.~ ,~ rt-:1 1"'8"1 C.O.D.
_~ -::MO~~
.., {? :s,
W Q d

~ Z. M~cL1:crRONlCS7
'" ~ St' 8 75 SO. 72 nd SL
a: ~awo.';; Omaha. NE 68114

8 8 CIRC LE 53 ON FREE INFORMATION CARD

Cable TV
Descrambler Kits
Uni versal KII ••.••...... ..•...S55,OO
l"cl~<lU all p an l..,,<1 PC B" . r<l NOI """ ""' . <1
il ln. ae aOIPl"" or enel,,"',e

Tri-Mode Kit " .. .. ." .,." •.••$39.00
InCIu<:l U all p anl PC Boara anoAC A<laPI", NOI
I ncj~<l eo II lne enc losure

5 8-3 Ki l •••,., •.,•.....••,••,••,••$29 .00
Inc ru<lel . lI p an l . ?C BOIl<l ana AC ,I,<lI PI", 1l0!
inclu<le<l '"1/11 . nc l(l$""

Un iver sal Tuto r ial S9 .95
Il'\Clua u an ,n a ep I11 11u<lVe l 1"' let"""""'9 Y ul e """., "as IlOuDle"'OOll"9 /'IInl l

Tri-Mode Tuto rial .... •..••....S9.95
Inel u<lU " g"le Oy .. ale SIu<lVcl Ine c ~cUlI .. n<l n..
" ou"lesnootong ron,"

Ca ll To ll Fre e 1-800-2 58-1134

COD On ly

M & G Electroni c s, Inc.
72 Ora nge St. , Suile 216
Providence, RI. 029 03

CIRCLE 197 ON FREE INFOR MATION CARD

PLANS; New 150 watts audio amplifi er SC compen
sated wilh power supply. Send SASE and $10.00 to
IOVATION. 21 Tennyson. COver, NH 03820,

ELECTRONIC pro jects - Co mplete plans par ts
ust. Audio lautomotive 'in lra ll!d,m agnetic,powerl
photographiC/custom designs/compul el prog rams ,
Cala log $3 .00 credit tst order, ULRICH El EC·
TRON ICS . 11625 Jefle rso n St. NE. Bla ine . MN
55434.

BUllO 6 simple lowCOSI cecuns to extend Ihe func·
lions and ranges of your meters and scope . Easy to
build. uselul! Sen d now lor complete instruct;ons.
$5 .00 BLUE BE l l DEStGN , INC., Dep t REM. 524
WhIte Oak Rd.• Blue Bell . PA t9422 .

INVENTORS
INVENTOR Sl Cafl you patent and pn,ht lrom your
idea? Call AMERtCAN tNVENTORS CORP. for tree
inler mati()(1 . Serving invenlOrs since 1975. I (800)
338·5656.

SPECIALIZED SECURITY
SURVEILL ANCE - Audio1v idoo..l nl ra·md. pers on·
al prol ectlon equIpment. Public. povat e. corpo.rale
uses. Extensive book : $9 00 Was "SlK:unty Sys·
tem s'"' ca talog , TR t·TRON OF ATLANTA. 1857G
R1x Ho!lcw.Lllbum, GA 302 47-3363 .

SATELLITE TV
FREE cataloQ - Lowest p-e es wondwide. SKY VI•
SION, 1012 l'rontier. Fergus Fal ls, MN 56537 , I
(BOO) 334·6455. (See full page ad the Shopper sec
t>on)

SATELLITE TV - Do d you rsel f - sys tems . Up
gr ades, Part s, Major erares otscccntcd 40% _
60 %. WI/'ll beat cve rjoOne "s price . L. J.H. INC. , call
Larry (609) 596 -0656 .



FREE CATALOG!
1-800-648-7938

JERROLD HAMLIN OAK ETC

CABLE TV
DESCRAMBLERS._......-

•~ 1M' LowRetzIJPrieN!
• auar.ntNd~ &~sI
• ()ders ShiPP«J ~teIt'

REPUBUC CABU PROOUCIS, INC.
E3 4OlIO~Nv~ RE'1l2 a

For .. other inIorrrWlan (702) 362«125

BUSIN ESS OPPORTUNITIES
YOUR own.adie) station' Ucensadiunlic:onsed AM.
fM. TV. cable . In!ormation $1.00. BROADCAST·
lNG, Bolt l JO- f 1. Parad ise . CA95961.

LET tile gllIIefl'IITI&I finance yoursmallbusiness.
GranlSi10ans to $500,000. Fme recorded message:
(707) 449-8600. ( KS1~

EASY worlt! EJ;ceBenl par' Assemble ptOducts OIl
home. Call lOll free 11&00 461-5566 Ext. 5192.

•
• CABLE T.V. BOXES - ALL TYPES ·
• LOW PRICES · DEALER PRICES·

CABLE TV
"BOXES"

Converters-Descramblers
Remote Controls-Accessories

* Guaranleed BeSI Prices.
* 1 Year Warranty - c.o.o:s.

* Immediate Shipping *
* FREE CAT ALO G *

CIIII orw....
MAS/TRAMS·WORLD CABLE co.

3958 North Lake Blvd . • S u ite 255
Lake Park. Florida 33403

1-800-442-9333
1-800~48--3997

CABLE TV SeoelS ee ouu- putllicaborIlhe
cable~!ned10ban . HBO. MoIne Channel ,
Showtu'ne. descramblers. convefllKS. etc, Sup
pliefslisln:luded. S9.95 . CABLE FACTS, Bolt711·
R, Pataskala. OH 43062.

SECRET cable c1n cnlmblK Build your 0Wfl de
saamblertor lessIhanSl l .00. ...~.., ysteps.
Radlo Shado; parts Ii:slonduded. AlsoI.... desCfam
bling methxl$1I1at cos l nothing 10lry' Send $10 .00
0 : LOUIE WHITE, 2 MarlWl. BayIown. TX n52O.

... ACE PRODUCTS ...
• 1-800-234·0726 •

HOME assenilIy lIIQfk available' Guaranlood easy
money! Free de taIls! HOMEWORK-R. 80_ 520.
Da-MIle. NH 03819 .

WHATsnow? For sale: 1tlrtYV1g.1u1yequipped._
ec-eeec~ shop. PrOIIefI4O"lO + incIe_ WI net
last wee years. S70.ooo.00 cash. AUDIOTECH,
256-8 North I-Ioghway 101. Enci nitas. CA 92024 _
FAX 1619) 94 4-0345. Phone(619) 94 4-9048.

MAKE $$$! Become an Amencan eIDcIronics de.
et' Prohl oppottur.lles since 1965 Call SC OTT
PRUETT. 1 (8001 872· 1373.

MONEYMAKERSI Easy l One man CRTrebuilding
~. $6.900 00 n:bUiIl S15.900,00new. CRT.
1909 Louise. CI"yslaIake. n. 60014 . (815) 459-0666.
F811 (815) 4n ·7013.

~ -., .-.- .

: •••• ,", lot ,.. :

ANTIQUE RADIO CLASSIFIED
Free Sample!~

Anlique Radlo'S '"
LargeslCirculalion Monthly. e, : I
Al1icles. Ads.\ ClaUd.eels.
6-Month Trial : $15 . 1·Yr: $27 ($40-1s1Clas s).
A.R.C., P.O. 80. 802 ·L9. Car lis le. LIA 01741

.. .. Inlermedi ale .... .. Advanced • fUll y An e mbled

EL ECTRONIC
ASSEMBLY BUSINESS

BIG
PROFITS

Stall nome spate 1Itne. lnwslment ~~ 01
e.pe<..,,~e unnece ssary. BIG DEMANO assem·
IlIrog eleCllOtloe devCe!I sees I\ilnd'ed by QIllIn.
SCIfIa's Unuwal cos....ess 0ClCI0'1un<Ty

f REE Complete ilhru n led I,len lu.!
BARTA IlE OOB.". 2 .l8

\.,.".....1 C...... Ca'o! ~597

.. indlcales lhflleve . 0 1 dUUeu!ly In the assembling DI ou r Prod ue' $.

..,..,;¥.;fl/l
OJ 11' ·~1"· T:;~A .......
" " , TAH 7 \ ., ," 1A· \500
Spee ial OliN will be glvel" 10 tho pu r~ hno o. Ampli'ier. MlIlal Cabinel . PDwer Translorm'm

AMI't.lHEIII ~ ASSUl l .

Jerrold. zenith. Hamlin, Sci. Allanta, Pioneer
&. MORE! OUR PRICES ARE BELOW WHOLESALE!

CABLE-+- ;::IL.Ua
1«17 CIlase 51: , . 481..... Panor_ Csty, CA. 91-02

1-8CJ0.a22.99S5 • Other Inb 1-816-78S-4 500
liD Clilf SALfS - DEALERS WA/j!HI

MODt l Dt S(~I"I()" 1I00ll Dt$CRIf" I()"
'. ""'.1 ~~,,,:o ,,""' ... ••• "11II , ......... CoIor '.".__ • • •••
"\0>. • .......,,--""",""'. ". ". ly ·n ~""(l' '''''O<''"_ ' ". ••
".\IlC ...""' ...__ '__ ,, _ ..... '""' '';. .....' .. . ' l ~ ""

l n l ''''''.....'U<._. ".,.. ACotIClIII>rtl _ Ci><, . ... '",. ,""""'" ~"'CIoI' . "...__.... .. ... •• ,.. _" ....0:-.0_. "."m
lI/lIr__ lo>9te--oo .... . •• •• IV . ' .... ~

...__e-.o .... ,• .:.w, ••• ... ••
Wm _._---,-""_.. ... •• .., .."DaI,,,,_ •• 1"1 .....~ """.1_...._..... . ... •• ... hOorlo _ _ • •• ••' YOI 'O""" ...'DaI _ ...._ .. •.. ...
,. l'" _ ........ ' ...e.--.-.... 'I ' ....... . . . •• ... ,YO,

_1__... ,".
1'1'

"m
•t*S<OoI__",, ' n• •• ...

;O:::'::~ j~'.::'1 .':~;;:''''''''' Krh
...

,. '" ,----..... .. •• •• ..' __.~YGI ~I"_ , • • " Tl'OOOl " , 1fJI,tQl
...

,om 'ICI'I.'/110'1 o\C.tlCS>o<.... ,' . .. . """'_ •• ... •• .' ".m ..._ ...... _,'.111."1OI1./7IlIII ...
" PlO/q '_"IO'"~''''''''''''--''''' •• •• N:GUlATDRS" m _._,,.OC___.... . . •• ...
, ••00;.0. ,_~e.o .......__... . . •• •• ,,- Olll<~_lIC_"-' .... . . _ • • l"ft III If......, _ .IDot.,.OC_"'_"" ••• ... ... ' •. w.I

OIlN:IA_OC__,..... . . _ . ... .....- OC I"_ c. · OC "' _ , , , " n ... "m O\Olr :IA_OC__..... . , _ •• ... n•..~ ooD ... _ .. 'O......__ · ••..- ,,'Il IC ........-1..,_,_•• •• ... IIllAi. tuIlI£11 wmlll~ I'Ul: l..- ---,'.._.... ................,.. ... •• .~, ... .W" . 0" ....., tHlIlG ~

"- _ooD....___••• •• "000 LG·"'1 ,
" r ,•.,.., I. ",. '.mII ....

W= 1_.. ""'-1_••• n. •• I,"'", • .. • " .3/3.& '''m' "mII n.
WW --~--_.... •• ... I ," ' $" • .. " ,> "'" '''''''''':-1 ,........, ,.,_ ••w_

___A

•• •• ~~
, .. "', '••" "C"" lA''''' ,.,_ ,._ ••

W_ ............._........,_ ...- ••• ,,",m 1·.... r '.,r,. ,.ZlIIO'.~'.':-1 ••_.....-
DIGITAl. MlTUl ....OCOUll I(.ll m _ .... -, .- ~-

.a
_0 •___...0, ,,,.. "*5 __ .. . ... ' 0' ~ m .l..... . l .. , . _ _ ''''0:1 ,•. ,_ "''''' ...

W :!h .110 '" \11:I , .. _ .. QI ' . XIt ,. m' n.-- ' ," _ D"" ••• •• •• W '"""1 00 ,.." ••-- .·..._0." ,...__ .... ". •• P l ... . U • ''''' '''1 ••_. )-.__''lIO'",,_'_ ' '' •• ". W ~ '1:IA ,,- ..._.• ' lIM:__e-. ... .. •• W ' ft ' l '" .- ...- Do .l .. ..- ••
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Your Natural Resource for Wid~
Test/Measurement and Prototype Equipment

• f1IfrtIIJ1iiJ1-
UVP EPROM Erase.

• 1'.,..... . 11 HR()SI", 0 b ."" I ,h;p in
I ~ m;o", ....nd M,hil" in 21 min

• UV i",,'n, i,y: (,XI ~ l llWIC~F

l>E4 SII9.

o .\ 1" I',,"<.]ucn,)' XII ~1111 • ~ I inim" m
drl «l,hk put"" lOn, · 110KU inp'"
iml'"d.>n, • • ~b•. '\lPP~' ,-oIu~.: i l W
• 1' 11 . thfNoolJ : (l.o.».O,X\ ' !.{I.I\' . Il li)
.!..lV iO.1 V 0 t: M()S ,hlcshold: 11.0) .11
vee i W%. lll il 70%\,CO IO%

MSIO·1.. $24,

2764-20..•..........S3.'J5
27M.25 3.7S
27/HA-20 3.75
27M A-25 t .19
27CM- 15 "J.95
27U,.j .2 5 3.25
27 1280 TP 3.·j9
27 128·20 7.9 5
271211·25 7.75
27 1211A-1S .4.95
27 128A·20 .4.49
27 128A-25 3.75
27C I18-15 5.75
27C I28-25 7.95

,.~ lI 'g;1~ lulti m,.«r ••.••.•539.95
.l. ~ Il'gu ~lulrim"«r •••••.0559.95
.I. ~ IJ;~it Muhi n"~,,, wr!-t"1u,." , y .
I'<{AI''''i" ,,« 574.95
4.~ l hgi, ",' h «J",n,. ~ (:"1"';""'''
I\: ll.... fl"ld ~" i "h •..•.•.o599.95

• Partial Listing : Over 4000 Electronic
fwd Comp uter Componen ts i ll Stol"k!

"1·1650

"1311 00
"136 10
"13650

A.R.T_ EPROM
Programmer

l.r 540 $I(,.'J5

Jameco Logic Pul ser

~)
• •--43'"" .~

• COnll" ,ihlr wid, Tn.. DTL RTL llTL
1l:\IL 1>10S ,,,1 (:.\ IOSic,
o [MU S~'nc inp'" impcdt nc. · ['01><.
mude O"'p'" c""e"" 10m.-\· Sq"-'" "'..,,,
"Im'nt outp"" ,mA ' Audibl< w "..

L'n I No.

• 1''''(:f,m, ,11 <1I",n, EI'RO~I, in tho ! 7ll,
1<1 2nl! ,.n~.I'I", ,hr X1XM n :I'R(HI

• RS! .\2 PO'" Soti",,,,, indu d,-J

El' I' SI'J9.95

o II,ndh. ld, hiP. >n''' ,",,'}' ' ACi IIC ..." I"g•. AC/ [)C c",re n!.
",,;mnc•. dlod.... m n,;nu;ly. a .n,;"", hFE

o .\1onlUI t.In[:.ing " ., "",t lood p,O(",;"'n
o '.un"" ",';,h pm"". b..".,in. "'....nd nun",,1
.\1 .1650 & 1>11(,SO..nly:
oAho meas"f« [' ''l""nry .." .IC'I''' iu n,r

EPROMs • for your programming needs

Melex D;g;taI__

1' ';« &1t1i .... JltV'ri~f rlnu"'••. -"
TM52516 54.25 2725(>llTr S3.
TM52532-35 8.95 27256-15 5.
TM52532A 6.95 2725(..20 ..1.
"l'M52564 5.95 2725(..25 .4.
TMS2716 5.95 27C256. 15 5.
1702A 3.95 27<:25(,-2U A.-
2708 .4.75 27C256-25 4.
27 16 3.3'J 275 120 Tl· ,oi.'
27 16· 1 3.75 275 12-20 6.
27C I6 .4.25 27512·25 .5.'
2732 .4.9 5 27C5 12-15 6.
2732A-20 .4.4'J 27C5 12_20 6.
2732A-25 3.49 27CSI2_25 .5.'
2732A-45 2.95 17CO[0-15 ').'
27e32 .4.75 6117(,(,·35 6.'

,\ 17.95
4 22.95
• 31.95

WCCIOO
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The r<tfr<l unil ji,t ""l.y"
""" '''i: .nd m("J'urcmrn,
lI<nio! F... ,ur<" ;",100< • (,'
CRT di'pl.!-,.nd n.nd,,;J,h
f"'ll) 1)(: to !O Ml k The
(;" ldS", {)" ill"'.;" I'" ",m",
,,·i,h ,,," 40~ I H, I',obe-. ''''0
fu'<>. I'"wer curd. ,,\,<,..,ion
m.n""l....h, n,.,i" ..ntl hlock
.nd wirin~di..~..m. II"
li~ I" "" ' i~" .!lld l"",..hl,·",i,h
, ''''''·yo'' ",."""y.

-

Weller Soldering and
Desoldering Stations

• T.,ml'"Ul utr . diun ..hk from no'
tu8~O'F

' /,., '0 '·oh.~. , ;t, ,,i, 1""t'''1<",n.' ;t;'·.
,''' "' I''' o,'nt' [rum <I.nuge

· l.ip" rJ ""I"ff,,,,itch

WCC IOO S..ldcr;nl: SI..'iuu•.••SII'J.95

• ~o \'('. It Trml"'t 'lUt"Contl<1Ilni
[k><,td"t ing Swi" n

• [)""Id,ti ng hr..d;, t, mpr''''''''
wnaollrJ til ~OO'f

OWl' nu ;n,,,n"lI<. ".o.:um 'l"t. m

n S600 n,·...,I,I."ing S...,ion •.S54').95

11 $4.95 J E 25 (, , ~ { H" ~ ,!, 1,1>60
10 6.95 JE26 (, , ~7'i, ~,7' !3'~)

! 12.95 J EI? 7.1';(h 7,,>( ' _\ .~ !O

1'1..... r.for '0
M. ;[ ".,- 1

J ~- t _ _ ,..-(

; , "I I I

',.-: ~l;; .,'
--., .- (li~, \

] 1::2 1 ,1.H, 1.ll\ 4'"1
j E23 ( ,- ~OI, 1.11 \ 8 ,\'1
JE21 (,.~II,.I, ll\ 1..10(.1

jJmt'<o', 1 , ,,,~.IJ\l i ,,~ hr<.dl.,."l, b tu,,· "'''~''' ·I' ,in l'.J ,,,1mu~>"li ,w~, .nd Jr. 'u;lJhk
1,>1 nuny kind, "I' rm""" j\i " ~ .,,,l <j" 'ui, J,·, i~". I~rgn n,,~kj, f,'"" ,,·.h' '''i'-,im)"
. Iuminum n.tki"{: wi,1I mh J~,<" mol~rounJ i "l: pm1..

r an Dim. unIx ' lIind i01t I' .., Dim. Con .." f1inJ inK.. _
t'i.1'.<-...l.:.....'ll~i ..II_I·~..---.hi~f r-:"~~_\\~_i !!!LJ~.. l..-..fii""

GoldStar 20MHz Dua l Trace Oscilloscope

GS7020 ......... ...... ... .... ... ............... ..... ........ ....... ..... ................•..$3') '). ')5

Jameco Solderless Breadboards

BNC Cable Assemblie s
for GS7020

B:-lCI Ii:\ ct\t) '" B:\OMI R(;,M
AIU oe-u $3 .')5

BN C2 II!'ClMI '" Mi"", I lto,k
IU; 174]9"l) •..... ........i.')5

n:-;"o Ii~O.\1 1 '0.\ 1.&"", ll ook
1{(;1 74 Un.l 3.')5

~

~
i J~~'
.!lS CO MPU TER PROOUC1"S

.if ;!'i Hour Toll-Free Order Hotline
§ 1 -800-831·4242

~
,S!

~=



election & Competitive Prices
Computer Products and Electronic Components

f CS6M A S.'i4 .95 Addil;o,loJl l'ou SUN/irs ol"oljt..bI~.'

• In;>lll: IIjV....Ctl4;-4 lfll
• T.." 4 pin.....b I.fyIc ,,, «to,, fOr
..,lu~ou'i""

• SUc:6·b4.5"1,\·>!·11
• U·rif;hII.Sn...

1'S6141._ S24.95

Zalson 56 Wa" Switching Power Supply

.svoc ~ U A

.uvoc @' 1.4A
· 12\1}C @ OJ A
.uv nc ~ l .lA

Jameco 4-Channel Switching Power Supply
.svoc ~ S.OA
·S\ 'DC ~ 1.1"
. )2\1>( f! I.oA
· 12\ 'DC f! I.OA

• M~. mini-(OmfOl,..... """,irul
.nd 1""<..... '''f'' ''~ _rr1ica, ion.

· l nru" 'Xl· I 30VAC ~ 41""' .wHl

• Sire: 6.25"1. ,.\88-\\'. I.s-u
• \\,~~" I,25II>..
• Pm induJ,.!

WdillJ. ~_. _ .........".".... r-1<k> ,....
m• bm ... ,noJcn.i.lkIi""0( """f">'I<'I"
Ii lhti. full(lion.

-dcJ'!" ..........h1y ;",,1\1(1 induJnI
' '', ~"u , ""', "'"'1"" " mh:N. nJ
nn Ln~ in ,,, "rn in~. ",inj:«m",,,", l<XlI.
f,,,,.,,, i",l...w
"hi'" ,,,mr"''"' kin (On tigu ",J ~'

"J'IC('o " r <!".jpt yn"' own

'Sem bI, Your OW" Comp uter Kit!

Jameco 16MHz 80286 Computer Kit

..dn:
186·1(, .\h~ hr,h"."J ,.·i,h
lB IV,\l (", !,. nd,!>k'0 M\tII1
l -hy rnh'O(rd k<)1~"rJ

. ili lltl C..J ..1 ,,,,,,,,dl<r
~hib..o 1 .4~\1lI..IV
f'P:>'J;J; J,i.t
by..<mi J.:,1.,.'I' .......
O ll: ·.,,~ ... "'rr1r
tIX)s~.O

,Il di.q;nml ;,: "' f<

816 S5'J'.J.'J5

Integ rate cl Circuits'

8KP .•.. S-S'J SA9
117T.._ .._ 65 .55
124:"" _ J 5 .!9
136Z•._ .._ I.05 .95
139N _•....•..... .39 J 5
55V 29 .25
;56:"< _ 49 J9
' 23C. 49 J 9
' 4 1C. _ _ • •29 .25
1458S ._ _..•._ J5 .29
1488:"< A S .}')
1489N ....•.....•...... .45 .j 9
:200}"•..•.....•....•. .69 .59
1914N 1.95 1.75
532 1.19 1.0"
iT 045 .4 1
~T 45 A I

• 1.411p' ~ ,.",,wlt' I",;~f, of ICs

t'...",~ 1";"<> ... h;n, ,,, ,1u"P''' "huu, ~<

1"...-. ",\.j... 'n."a.f,;1"1 ...J 1";"< _
t:,""rk> ' Ii><'4 ,.....,.,........"' iLI>k

"1"" '''1'''''.

Call or \X1ritc for a

FREE 90-Page 1992 Catalog!
SJO.OO Min imum O,de, • U.u Sh..,u . '10< euh

24·Hour Toll-Free Order Hotl ine:

1·800·831· 4242

1 " 'e'"~ l inn_1 S~I <1o ' Cu" " mtt Sen-"" · Tn:hniu l A";"~",e
• C, edi, l>Cr _.. n.en, · ·AII Olh.., In'1ui, in: 415·5')l·8097 · 7AM. '11'.\ 1!'-S.T.

(l 1'l'J1 /4_. I N,!

C~ R"OJ.n" ,-\J,J • ,~\... . "\.. .w ~_~v.. ',.1,.. T"

I • "" '1on,..~.nJl , ft~ .onJ ,now""'e ."
r-;~ ...'-I" • ....l

Connectors IC Sockets
r..n:"0 Pouirt..... r ri<c 1.oooo~n...I1-.~.d.n

U B251' ~J.k. 2'1'r,n S.65 8LP S. IO 8\\'\\' SA9I)B 25S F,;-nuk . !'I'l' in .75 l <i ll' .11 ..WW .69I) B2S11 11,"oJ .J? I(.ll' .12 16\'('\V .79[) B2SMII ~kl~I I I, "..1 1.35 24ll' .19 2",\'('\V 1.15
LEDs 28ll' .22 28\\'\'(' 1.39

n . IRcJl S.14
40l l' .28 40\'('\'(' 1.89

XCl09R
XCS56G TI .\/4.1(; = n) . 16 s.un..,I.'i/.l"J.luj
XCS56R n J /4. 1Knl) . 12 .,,'"",.uk. r/~l S.........,
XCS56Y n J/1. 1Yd l,,,,,) . 1(. Abnl.."uMt

PS2222 S.12 1:'1.7 51 'IS
1':""2907 .12 C I06BI .6'
I N4004 .W 2S 440 1 . IS
2:"12222A .25 IN4148 .<n
IS ",7j 5 .25 2NJOS5 .69
2:-;"390-1 . 12 1:"0270 .25

Transistors And Diodes

Miscellaneous
Components·

Potentiometers

~rti<>n r li, c

4164-10(1.._ .. 100In, . (,.4K. I SI. 89
4164-120•..•..• I!UI" .MK. I 1.69
4164-150 l "On,.MK. I IA9
4 11S6-60 .(~In '. 2').(.K . I 2.49
412;6.-80 Illln>. !').(.K . I 2. 19
412%-100 loon, . 2').(,K . I 1.95
4 1251>- 120 ..•12Iln•. !"6K . 1 1.79
4 1251>- 150 •.•ISllu, . 2%K . 1 1.69
<; 11000 1'.110 ... 110" •. 1,"111 , 1 7.25
511000 1' · 10 . IOUm. IMB . 1 (•.75

Switches
JMTl 23 mH.t ln l ln O + >-S1.15
206-8 ~ P\T. 11.-1" " (1lIP> 1.09
MI'C1 21 Wil l.

O"_Ott t I" rr,~I'" .•..... 1.19
MS I02 ~ rST. M"" .,.

11''''''·11,,'', )••••••••••.•...•. .J')
'AMil;o",,1<o",~",n" ~",;!Jbh

Dynamic RAMs

\" ,.1"", .,..iJ,bk lin"," "hm. in", 'I'k<
nu, k.;J ->"" ' j:
'00011. I1\. ~K. 101\. !1I1\. WK. 1001\. I~1 u:
4.WXX .1I4 \1'. " .1.. T"rn ..•.. S.99
63 rxx 112 \'('." . I Turn ._._..119

10,

10.

I·'

I·'

Linear ICs·
So.

S o.

). ~._._._ _••S.29 S.19
2 29 .19
i 29 .19
; .35 .25
1 .35 .25
J .J5 .25
) _ 29 .19
7 ._ J5 .1.5
} • • • • _ •••• • • • H 29 .19
z .15 .1.5
7 11 9 .79
'i J 9 .zv
') 45 .35
> AS .35
) 2.95 2.75
) .......... ........•.....•..59 04 9
! I -'9 .39
12 79 .69
)3 •••••••••••••••••••••••• •79 .6')
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continued from page 85

BEST BY MA IL
R.,..: Wil la NI lIo". l, Bo. 5, Sa ,..otll . FL 34230

OF INTEREST TO ALL

COMPUTER CONNECTIONS

adding so me SRAM o r DRAM
that 's it. Who wants it? In the era 01
$2000 386 boxes and $3000 48E
boxes, who cares about a CGA-Ieve
8086? Makers of laptop and hand
held devices like HP's 95lX. That's
the theory. anyway. It may be that
we're about 10 witness an explostor
of PC Gadgets. miniature DOS-like
devices that surpass calculators anc
the Sharp Wizard type of device. ThE
other line consists of 386 clones thai
provide 10-15% better performance
Both lines incorporate a n8'N tech
nology called SuperState that pro
vides an interrupt level higher than al
normal lAQ's and the NMI, and whict
when entered gives a totally new ad
dress space for executing code. Suo
perState could be used to implemenl
power management functions, to em
ulate missing inst ructions (e.q. . 28E

I continued on page 96

WE PAY UP to S3.00.00 wu kly Wood burnlng Plctun
Frame s . b e ryHlIng l uppli&d. No expe rl...Ce or sellin ,
Bay Fram... PO 800 lS68-lRE). J.chon. TN 36302.

PEASO NAl ·MISCElLANEOUS
SINGl ESt MEET OTHER Fun Eociling People Call IN
TRODUCTIONS HlOO·776-4225. S2IMin.

BEll reco rding engineer; Train al home lor high
paY'ng - exci!u-.g careers. Freo informat'on. AU
DIO INSTITUTE, 2258·A Union SI., Suite K, San
Francisco, CA 94123.

VCR tapes by collega ins\Fuctor cove,illg electronic
topics. Send for 'roo demo S3.SO P&HO.C.S., PO
292. FoctM,U, SC 29715.

50% CASH DiSCOUNT I t ever I.OOO " lecl Hol'Cay Innl
H,1l0n Hote lS. Be!t We st,, ' n & Mo,e! Inlorm atlon Sl.Ol:
DISCOUNT TRAVEL SERVICE. 662 F ren~lin A. e
Ga rden C lt~. NY 11$30. Suite 42 1.

MONEYMAKING OPPORTUNITIES

THE MOST AOVANCl:O
TErnNOLOGY IN CABLE EQUIP~NT:

• BASE BAND • JERROLD
• PIONEER • lDCOM
• HAMLIN • ZENITH

• SCIENTIFIC ATLANTA · OAK

CABLETV DESCRAMBLERS
*CONVERTERS*
andACCESSOR:;I~;..~~"

7491 C5 N. FEDERAl. HVVY., Sl..JTE 142
BOCA RATCN. R. 33487

EDUCATION & INSTRUCTION

For out of this world prices call
WORLDWIDE CABLE

1 800-772-3233
FREE CATALOG AVAILABLE

CIRCLE 193 ON FREE INFORMATION CARO

PANASONIC,JERROLD,OAK,
PIONEER, SCIENTIFIC ATLANTA

AND MORE. LOWESfPRICES. FREE CATALOG.

CAtoL~:":v"Y (800) 234.1006

F.C.C. Commerc ial Gemllll i Radlolelep hon e li 
cen se. accucorcs horne sludy. Fast, inexpensive!
' Free" details . COMMAND, 0 -176, Box 2B24. $an
Francisco. CA 94126.

COMPLETE course in electronic engineering, Eighl
volumes. Includes all recessarvmath and physics.
Free brochure. SANNER TECHNICA L BOOK S,
1200 Grant Avenue. Rock'Ofd. IL 61103.

WANTED

CIRCLE 178 ON FREE INFORMATION CARD

CABLE TV DESCRAHBLERS !

CABLE KI NGDOM !

I N STOCK

INVENTORSl Your f'l sl step is important For free
advice, call ADVANCED PATENT SERVICES,
washington. DC. 1 (800) 458-0352 .

INVENTORS! Con'used? Need help? Call 1MPAC
'01 tree information k,l . USA-CANADA: 1 (800)
225-5800 (24 hours!~

_JEROLD_ _OAK* _HAMLIN_
_ZENITH * *P IONEER*

*SCIENTIFIC ATLANTA*

INVENTIONSI new prcouctseoeas wanted: call
TLCl lor tree in'o rmalionijn venlors newsteuer. 1
(800) 468·7200 24 hours'dav - USA·'Canada

INVENTORS: We submit ideas to industry. Find out
what we can do for vou. 1 (800) 2SB-IDEA.

6 MONTH WARRANTY! WE SHIP COOl
ABSOLTLEY LOWEST

WHOLESALE/ RETAIL PRI CES !
** __ * *F RC~ CATALOG*******

~,p, VIDe:O
147 0 OLD COUN TRY RD

SUITE 3 15
PLAINVIE W. NY 1180 3

NO N. Y. SALES
CALL NOW! 1 ( 800 ) 9S0 - 9 14S
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EASY FAX
1-800-582-1255

--....-
• Cl ..._

m dard Features Include:
kI SlaTe inlegrated (1fQ;~ ptOVIdes e.celIent regulalJOn
,!;Jut vottagema.nu.necl up to 95"4 Ofno load yalue
~h quakty Menng !of lOw _ oper ation

<l'f'l duly oower Iranslomw lor complete line ISOIahon
. ()!f inOoeator loghl and fU09'Eld on off switch on faceplate
:ond uclor grounded co rd on 10 Amp and larger modelS
ITen! hmltlng elOClIOIllC l olcback for auto eve.a",enl pro lOClIOl1

RE ISI0 EGI!J 'rE U R!
nn plete Line of DC Power Supplies to Convert 120VACto 13.6Voc ±O.5Voc.

PR4S

EASY ORDER
1-800-582-4044

,0, -5a l660 SB2390 SB3220

BInd Ing
Posls

o
o
o
o
2
3

•,

2911 Bayview Drive IAiIiiii!iiJ
fremont, CA 94538 ~

Easy Order: 1-800-582·4044
Easy Fax: 1-800-582-1255

Inlernolionol Fax: 1·510·770·2346
CustomerService: 1·510-770-2345

"-Iur~, 7_ · s,. lP'Sn/lo-a,. ((S1)

@] COD-No penonol dledl, US fundlISS.OOSurcharge)

IYJ USPS IYJ UPS IYJ lode,,!bpm, IYJ A;,bome
Add S% 0110101for Ihipping UPS Ground (53.00 min.).

A(lual shippingdlargn basedan weight.
Col ...ril' 'oW, IOf , _ "'. ,." .1.. (Ilolog.

':::=":'JCi:;::.._....-.--.. _--_--

Term inal ' T~n'l

Sl~~.''-i_.cpo~nl'

, 300
, "0
, "0
2 1.260
2 1,260
3 1,890
4 2.520

DiS(.
l>oi!,I,
100.2

'00
o

200
'00
'00
500
700

Oimensions lin.,
l . W x H

6.5.0.37.0.4
3.3)( 2.2.0.4
6.5. 1.4.0.4
5.5. 2.2 x 0.4
8.5.3.9 x 1.2
8.5 .5.1.1.2
9.1 .6.9. 1.2
9.5 .8.3 x 1.2

338~ ...-..1 CO"U,,''S It>1r a 'cMeclu'e . P"l deSoCtl'loon, ''''''!g, OrtsltUC\lOn M r. '"""...c\IOtl
"PI"'" inlemJIl1,_and "" ' llWat,,;soIrware ",,~oon a .ampln 01!he 280 Cpu.

erlf Z29 9.95 ZSO CPUTedmir;aIManual .....•..••.......................Wei, ht: lib.

elligent Peripheral Contro llers
, 100 Il;IlIH '" d.o', '-IS. _",,"lIOn no," _ _ ""onTU"on on L!o9'$ 1I'\l8l"oe' ll
_ .. , conlr_$ The p;ol1 ....ml>e~ ""nla ,ned '" ' h tS _ a,e l8-'00. l~COO. Zl-lC01.
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lacom ICs
- J'OO _ rII dala ~........-on llIog'-$ oau~ IC5
_~ '" _ _ .. _ l,6CJO,'31 ,33350SO. Z5380, lll5m.lJOC3O. n5C30.

K1. lasJoO. lID1" , l84013, U40'S. l !l-4 C13, ZI-IC'5. l8-'40. l84C40 ee zescee. ,t.,I$O
_ a<.~_

Sf" 22503 13.9S Datacom ICs _.Weight: 2 bs.

: roconlrollers
" 300 _ '" Oat.- _ .~ _ """'to<:MocaI~ on LIog'. tnCtoconIrcIIen ,
pe " num~"f$ conl.,ned In th,' bOOk . f. l 660010 " 02103"04/11112113/1' lal .-a2 Ig 1.
lC-Ol~'22 l~'C09 Clo.'C1Z,C'9 C20,(;2,a1tC3(1.'C4o.-CSOC6l~ C89C90 '
C93 'C9H:96-C91. l 86EDa- E' 9 E2' E30 £4 0. l U COO. l U1 21. l 86l 2a . l 16SA. Z531!(1 and

""Of "Z8275 16,95 M,eroc:ontrollers Weighl: Jibs.

loks are not returnable. We carry the newest versions available.
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ALL ELECTROniCS
P.D. Box 56 7 · Van Nuys. CA 9 1408

20 AMP RFI/EMI FILTER

,

Shortwave Listening
Guidebook

MONITOR TESTER

con ti n ued from page 49

Construction
T h e u se of perforated co n

st ruction board and wire-wrap Is
recommended for this project.
Try to kee p the TTL clock os
cilla tors (OS CI and OSC2) as
close to IC6 a nd IC? as poss ible.
Also, decouple all IC's and the os
cilia to rs with the 0.01 fJ-F cera mic
disc ca pac itors as shown In th e
schematic In Fig. I. (You ca n sol
der them directly to the Ve e and
ground wi re-wrap ptnsj.

This project requires +5-volts
to opera te. Ifyou 've already got a
su itab le power su pply you ca n
use It. Otherwise , Fig. 2 shows a
su itable one for the project .

Once the cir cuit ry Is co m
pleted . you shou ld pu t the as
sembled boa rds In a metal project
box and tie earth ground to the
case. Figure 3 shows the au tho rs
completed proto type. R-E

16 by IC5 to produce a hortzonta
sync of 2 1.94 kHz.

Vertical sync is gene rated bydl
vtd tng th e horizontal sync by 6~

at IC8 's Q Il ou tpu t (p in 10). Th e QI

ou tput oflC9con nects back to Ih
own C Ln Input via IC6 pins 6 a m
7 causing IC9 to divide by 6, for I.

net d ivision of 384. That gives us
a ver tical sync of 57.14 Hz at IC9 ':
Q A ou tpu t. That QA outpu t is con
nect cd to IC2-e pin 11, whi ch I ~

configured as a one-shot. am
out pu ts a eo-microsecond nega
ttve pul se to IC7 pin 13 . Th e pulse
Is ou tpu t at pin 12 of lC7 whi ch I ~

connected to pin 9 of con nector
JI. Switch S3 routes 351.08 kHL
to th e low-byte RGB Inputs of a r:
EGA monitor. That cause s the
monitor to d isp la y a pseudc
three-dimensional pattern to d ts
play on th e monitor.

I\s a few final notes , VGA RGE
In puts are 75-ohm Impeda nce.
Resis tors R?-R9 reduce the am.
plttude of the color s ignals to 0 .5·
volt p -p. 400-line operation I ~

produced by making bort zon tal
sync negative pol arity a nd ver
tical syn c positive. EGAmonttors
switc h from Mode 2 (en hanced )
to Mode 1by changing the polar
tty of verti cal sync; In Mode 1 It's
positive, In Mode 2 , it's negative.

1-800-232-5017
I .'" I C.O.D. ORDE RS~

ACCEPTED LWI!IIIPJ

~

......~ '';:
All Jerro ld, Oak. Hamhn. Zen 'lll . sceenne At·
janta, Magnavo< and all speciah2ed cableequip
ment availatlle for sll,pmenl w,tIl ,n 24 hours, Fo.
last serv ice MCN fSA o' C,O.D. Telephone 0 '
cers accepted , 60 Day Gua.antee (Quant'ty Drs
counts), Send see.ec c-eesec Stamped enve.
lope.

Does Your Heart Good.
•V American Hearl Association

Only $ 16.95 plus H' trr:
$3.00 shipping 19u1ext
(CA residents l'Ilbli<:ation•. l nc ,

please include 1128 ~li ..mnr Rood
sales lax). Sllll~ lSI.. San Di"ll0. CA 92121

fxmCISf

13(l.l E. Algon q u in ll,,~d Su i l ~ 50 1
'\ I" o nq u;n. l1Iino ;, bOl01

CABLE-TRONICS. INC.

by Harry Helms
The world is talking on shortwave radio.
and here's the book that tells you how to
listen in! In direct, nontcchnical language.
Harry explains how 10 gellhe most from
your shortwave radio. I1s 320 heavily
illustrated pages are filled wilh practical
advice on:

antennas
when and where to tune
selectlng the right radio lor you
acces sories
receplJon techniques

Learn how to hear
oj ' rt 1· 'I i!. the BBC. Radio
~ l"l~JiiJll l Mosccw, ham radio
......;> I operators, ships at
:J. r . sea. even Air Force

One! Includes
hundreds of
frequencies lor
stations around the
world and lhe times
you can hear them.

I~·_ i~ I
,

24 Vcse. 650 Ohm 0:0;1- 3 """" "",,lad s
Slandatd ,. pin (ICE Cl.J BEllll~".

Plasl"' OCOSt ewet. Size: 1 lW X 1 :li4"
X7l8' C.I.TU PRlY-24N $4.DO Ndl

12 Vdc 500 ms.
2. I","" D.C. _ P"'g WI1h
DMlI.. neg "I"'e . Whl e castI.

CAT' OCTX·125W $4.50 each
12 Vdc, 200 ms .
2. I rrwn a ,c . power plug with C,""le' negali'te.
CAli OCTX-I22 $3.00 each

"""""" ecee ~. '.20."" Rn'n~ Ig&ne'al p<lfJ>OSfl
co mmon· """'" lil e ' . Co<1trols
in.. -l~llround noise. Sma l ail e. ~

kw< I" "" ag ... 3.(6" X 1.16" X 2.81". ..., V
ULM d CS A illle<l. CAb RA·201 S9.50...ch

1.000 Oh.... b rIQh1 litl h1.16K <>h.... da rk.
0.1&2"d",-, X .OO" igh. 0.19' long I""d•.

CAT. PAE·7 2 10<$1.00
100 To<$45.00' 1000 10' $400,00

TRWi()pl"", . a PB5U7·2
IR """"e"Mn,o, pa~ ;n

R...:len gula' packa ge wilh
28" color coded I"" ds .
CAT,OSR-t 2 To. $1. oo

TOLL FREE ORPER LINES
1~800~826:'5432

t:tfA Il'GII(:I"~t'"' '' I'!N.-.,c_ _~... ,

rEf/US: un-olClor SIOoo S/'lfJfWlQvol !'w'ldlr'll
lot ". ~_,.,-,taJU.SA S3. 50r», 0/ff., .uorh#ts
0>eW"'II AK. HI. PR or CAfpMllm UOl Plly lllf a/lJJP"'II
.u0""''' ..ITYerM/ tI CMIFORNIA mUJ! nel""," st.,.
..... Iu (T 114%,7 fa%, 7.1'4'\1., 8 '14 %) , o...on~_

Lim.'" NO C aD pno..~ ~lJl'- ' K> cl>" • ...",'" m,ic.

ceu or Write For Our
FREE 64 Page Catalog

(Oul. lde The U.S .A. Send $2 .00 Po.l.ge)

ALL ELECTRONICS CORP.
P.O. 80 ]( 567 ' Van Nu s. CA · 9 1408

HEAT SINK COMPOUND

CIRCLE 107 ON F R EE INFORMATION CARO

CASSETTE
STORAGECASE
Blado.. ur(>' " akable plaslic
a co::lio <;.0. ..... .. oto,aga cas •.
CAUCBOX 5 To'$1.oo
UXl To<$ 15,00

PHOTORESISTOR

OPTOSENSOR

WALL TRANSFORMER

4PDT·24 Vdc RELA Y

PI.mum Qually "",tal tape in ~
C.oo c"...."" (XI ""; n.OI'more
~ sid"). 0 "., 01lh"l lnesl O I:LD. O .
·lJIand·na""" tap<>s on the
ma' k&!. ~ durab le, d ear p!a$bc
I'Mspon modlan ;.rTlS. Reccreo>d
and btll~ e' as"". the rO(;()nj·prolOClto hall<> b<ton , ,,.
mYve<! and li'>erefo<e• ........s 10 b8 taped IN<>' 10 f.
",eol<'. " ..:Iiop l'u,," w i l a;>ptecia l.. 1P'Ho wid" d1M"'C
tang.. 01th;, r_ . " yourcassetta <led< "motar
Ull'I'Q you..ill Ilea. l!'ledlf ...,, !IC<O. A , 1bo' o ,; n l
60 ...." . ,- . CAT. C-600M $1.25 Nc:h ' \0 lot $ \0.00

"



CORN
ELECTRONICS
100 10 Canoga Ave.• unn 8-8
Cha tsworth. CA 91311

SINCE 1983 - YOUR I.C. SOURCE - AND MUCH MO RE!!
NO SHIPPING CHARGES ON PRE-PAID OROER$!e

NO CREDI T CARD SURCHARGE!
SCHOOL P.O: . WELCOME!

sroc.. OESC . ' · 24 ,- sroc.. ' ·24 25-99 ,-
STOCK' Mf G. WAVE_ OUTPUT OPEA. OPER. PRICE 41256-&0 2561( . , ", 2.21 271e '" '" 2.82

LENGTH ~" CURRo VOLT. 412!>6-80 2S6K . l 2.1~ 1.17 2732 4~n. 4.1t ,~ '"l S9220 TOS HIBA ~"m 'm' 85mA 'b 121.99 41256-1 00 2561( . 1 '" 1.70 2732'" 250 n. ". 3.13 2.82
l S9200 TOS HIBA 670nm 'm' 85 mA. '" 411.99 412560120 2S6K. l 120n. 1.111 U2 ".. 25On. 3,49 ,n ,."
l S9201 TOS ti IS... 670nm ' m' ~m' 2.• • 511.99 41256-1 50 2S6K . , 150 n t '" ,." 2764" ~ .. ,.. ,~ ,..
LS92n TO SH IBA 670 ..... 'm' .... ~ It." 51100lHO 1 ....... . I " .. ... '" "'" ~ .. on .~ <>.
u n,s TOS HI Q.l ~- 10 mW .... ". lOU 9 511lOO-tO 1 "'"11"' ~ .. '"

..., Ve12a ~ .. ." ... 4.10

.."., ",C .,,- ' m' .... ~ "" 511000-10 I_", "... ,.. .~
.,.

"'" ~ .. ... .x ,n
~ SHARP ,~- •m. .... , .~ 1'.99 514 256-70

_.. ".. ,.. '" ... ""'" ~ .. .~ .~
,,,

514~

_..
~ .. ,.. '" '" 27512 ~ .. Ull '" .."

SH l5lI-lO
_..

,~ .. ,.. ... ." Z7CS 12 ~ .. ... '" ."..,.... 4"",, " , ~ .. ~" a .. n~ 27CIl!<'1
_..

l u..t 10..... ...
~~

, .. ~ .. 31." .." "" v=u
_..

21." 20." 1UO

""'" . WAYElEHGlll ""''''' """'" BUM .... POLARI- OP£ RATII«> ""'.. FIRING u,.... .." wr, ,"H ~«

~'" ~'" OIAM. DIY(AG. U~H YOLT~E CURRo VOLT. SEAl ES .n (GM.) CL ,., ,~

C"'IN.) (U A.X.I RES. (IN MUI

LTT110 SQnm (Greenl .,.. ' om• 0 1>mm :!o 1 2 "".a ,~ 1150< ~ 110- BSmA S SkV 8'_n 37 .350 ecc • "' '' 7. 1."

""" 632l1nmt Ae<l) 0.5m\'l ,om. O(9mm s ' .1 mr.a > 100' 10lll:1\t :',00.- 35mA < 7 ~v ... n 2'5 . 146 " m. "'" .n,"
lT7656 632 enm (Red) 05mW 20m w O.34mm :s2.• "".a ,.Mom ' 050'< :' Ill()< 28mA :s 8 kV "" n 22.5 . ,18 M III. 134." 12-.119
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Laser Poin ter

~ ---4
• Output 3,5 mW
• Wavt'\eflglh ' 670NM
• Power $o pply: 2xAAA Batte"es

(Included)
• BOllm " Approx 3"@ 100 ya'ds

Ouanhty DisCOIJnl S A><a ila tl le

Disc Drive & Computer
Cleaning Kit

NOl J~'$l ' _ ~.t>uI. <;OmIlle1e

,:omlutet clean,nll . ,t trctUClel. ....bs,
hNd clean;"II ~u,d, .n'..,woe CIe.net.
SC' eo'!ft ...,pes_ Clean,"II d ,~ene

STOCK #
5 8 1099 3'/1" Kit

PRICE
56.99

5 8 1100 5'1," Kit $6.99
STOCK " PRICE
S81052 $39.99

• Outpu t 2S mW (max.)
• Currcnl 9l)- l50 mA
• Op. Volt. : 2.2-2,5V
• Waveleng th: 820NM
• Da ta Sheet me.

Collimator Pen

PRICE
$19.99

STOCK #
PS1003

Power Supply

~.
~ .

• Input 1151230V
• Output •Sv @ 3.7~

<12v @ 1.~

- 12v@ .4A
<Sizo' r L x 5Y<~ W x2 ',1H H

PRICE
$199.99

STOCK #
LSPOINT

CIRCLE 196 ON FREE INFOR MATION CARO ••

PRICE
$49.99

STOCK #
MV912

Avoider Robol Kit

~An onMlogenl robol__........

10 __ M1"'9 .....ta.. T!'>4".-mots an__...ftod'I

oe-.sanot>t_ on lfoM _

"'*' ''''''''''''>CaI'' ."'... IeI1_
conI, nues on

PRICE
549.99

• 1S.lIll l.4U'M .lUM D AOER [III
• UPS BLUE, REO" FEDERAL EXPRUS .

SHIPPING AVAILAB LE
• OPE N MON ·FR' 9".00AM _6:00 PM.

U T 10;00 AM · 1 00 PM PDT
• Col REStDENTS AOO N SALE S fA.
• C ALL fOR QUANTITY OISCOU NTS
• CAol.L f OR FREE CATAlOG

IFOR 1ST cu.SS DELNEIU' OR C ATALOGS
DEUVf:RED OUTSIDE THE U.s. - SEND$2.001

• WE CAflAY A CD MPl.ETE UHf OF ElECT1'IONC
COMPONENTS

· NO $HIPPING CHARGES ON PRE,,"",O
OfIO ERS DEUVER ED IN TME CONTtI"EHTAl U.S .

STOCK #

YO'

Roboti c Arm Kit

---_.._.._r__.........__--_..._-__.__-..v"'- '".. __ ___ T.... __

... .. .........- _-.:--_ _--___....e-...-...-_.
r.;:=-

Anti-St atic
Screen Wipes

F<><_C_L"'~I_
~packs.~lIy __

STOCK . PRICE
$ 8 1104 Dispeostf pack $1.99

0125 wlpn
$ 8 1107 Olspenw pack $4.99

01100wipn

Disc Drive Head
Cleaning Kit

Inc ludes c leaning fluid and
head-c leanlng diskette

STOCK # PRICE
581105 31h" Drive Kit 51.99
5 8 1106 5'1," Drive Kit 51.99

ORDER LINE - (800) 824-3432 Ei
INTERNATIONAL ORDERS - (818) 341-8833

FAX ORDERS - (818) 998-7975

TECHNICAL SUPPORT - (818) 341-8833



COMPUTER CONNECTIONS ADVERTISING INDEX

con tinued from page 92
RADIO-ELECTRONICS does nol assume any respon sibil ity for erro rs that may appear
in the index below.

lOX A.\l e Sa les 17 -

or even 386 op codes), to perfo rm
multitasking, and all sorts of other
thing s creative des igners will enjcry
thinking up.

Free Information Number Pag e
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Product Watch

If you've bitten the WindCMt$ bug.
you've probably heard about Nor
ton's Desktop for WindCJYolS (NOw),
an everything-including-the·kitchen·
sink collectio n of Win3 utilities. If that
sort of overblown approach turns you
off. chec k out Side Bar (Fig. 2). This is
quite simply the most elegant Win·
dows program I've seen in four or five
years of Wi ndCM'S watc hing . As the
name suggests. Side Bar places a bar
along the side of your screen; this bar
gives you the bes t of both DOS and
Windows .At the top. the bar co ntains
several pushbuttons for arranging
icons on your desktop. Beneath the
buttons is a text box for entering
DOS commands (dir, cd. md. etcJ.
SideBar interprets your commands
itse lf; it does not run a copy of COM
MAND.COM . The remainder of the
space is occupied by a set of drive
icons, file/directory listings. or both.
The dual display can locale two file
window s hor izontally or vertically.
You can select one or more files from
one window and drag them to the
other. The same approach works for
copying. moving, deleting, renaming.
changi ng attribute s, asso cia ti ng
(docu ment s to app lica t ions) , and
placing icons on SideBar to execute
directly.

SideBar can replaceWindows' Pro
gram Manager. File Manager, or both.
It provides a text-menu approach to
launching applications. that while not
as visual as NDW. is realty elegant
and easy to use.

~ SideBar is ex trem ely resource
2! aware and efficient. You can force it
:>.. to unload itself and the reby saveI memory when running applications;
• just double-click on the background
~ to bring SideBar back. The documen
§ tenon is quite well done; all product
~ packaging is made from recycled ma-
w tenets.
Q I really like some of NDW 's utilities .
~ But for the time being. I'm going to 78

use SideBar as my main Windows
96 interface. R·E



The Amateur Scientist's Journal

If you 're fascinated by science in all its many forms,
if you are compelled to experiment and explore, then
Science PROBE! is your kind of magazine!

••

Embark on an irresistible new journey into the realm
of mystery, challenge, and exploration! The perfect
magazine for the budding scientist, the serious
amateur, the professional who would like to relax,
and those who simply want to gaze at the stars.

Arti cles to appear in upcoming issues of Science PROBE!

are :

How an Amateur Mapped the Milky Way
Make your own Seismometer

Operate a Solar-powered Weather Station
Grow Crystals Automatically

Experiment with a Saltwater Aquarium
How to Keep a Science Notebook

-----------------------------1
Science PHOBE! 7 RA29
5oo·B Bi-Ceunty Boulevard
Farmingda le , NY 11735

Welcome to.

Obtain your next issue of Sc ience
PROBEI by visiting a quality News
stand. Convenience Store, or Super
market or by reserving your personal
copy through the mail by completing
the coupon below.

Sc ience PROBE ! - t he on ly
magazine devoted entirely to Amateur
Scientists! If you are fascinated by sci
ence in all its many forms .. . if youcan't
stay away from a microscope. tele
scope. calipers, or test tube - we in
vite you to share the wonders in every
issue of Science PROBEI Youwill join
a community of Amateur and Student
Scientists who enthusiast ically seek
scientific knowledge or follow scientific
pursuits for their own sakes and not
merely as a profession.

From your very first issue of Science
PROBEl you will be involved in a world
of scientific facts , experiments. and
studies pursued by amateur scientists
who are university students. investors.
academicians. engineers . or office
workers, salesmen, farmers-whose
quest is to probe into the mysteries 01
science and reveal them to all.

Plan to become a Science PROBEI
reader!

Please forwa rd my COP)' of Science PROnEl as soon WI it comes off the press.
I am enclosing $3.50-U.S.A. I$4.23·Canada·inciudes G.S.T.l plus 51.00 tor
sh ipping and handling. Belter sli ll , please enroll me M n subscr iber and send
the next four (4 ) qua r terly issues of Science Probe. I am enclosing $9.95
U.S.A.ICanada: 516.00-includell G.S.T.I

o Next Issue Only 0 Neltt Four Issues U Year)
Offers vahd in the U.S.A. and Canada only. No foreign orders.Name _

Address _

Cit)· State -'ZIP _

Ali Orders payable in U.S.A. Jo\mds only.

-----------------------------
ON SALE AT QUAUTY NEWSSTANOS, CONVENIENCE STORES ANO SUPERMARKETS

GET YOUR COPYTOOAY-S3.50-U.S.A.-S3.95·Canada



CIRCLE 92 ON FREE INFORMATION CARD

':ACE TROUBLESHOOTER"
The 'Ick 222 is C'\"l:fything a service scopeought to be.
Lightweight. Rugged. Fully programmable. Floatable
to ± 400 V. rwochannels, 10 MHz, Auto Setupand
Auto Trigger make it easy fi nding trouble-fast.

WHAT YOUR TOOLS
SAY ABOUT YOU.

"ULTIMATE PROFESSIONAl:'
Heres the newese fam ilymember: the60 MHzTek 224.
Irs asrugged. rel iable and t'\lSy to USl.'as the resr ofthe
220Series-andextendedbandwidth makesitrhe logical
choice for cornpUlcr service pmfess lon;ils.

They're just 4V2 pounds. V.L. certif ied . And stan: at $2450. 220 Series
handheld oscilloscopes- all with Tck's exclusive lsolaredf' hannel"
architecture- are theservice fools the professionals use. Thcres one

with you written all over it. To order, rcnrart your Tek representative
or distr ibu tor. Or just call Tek d irect: HIOO·426·220()

"R!Jd:lOn~

00;"«'_191"'1


