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We Only SkimpedOnThe Price.
IntroducingTheFlukeSerieslO-From$69;5

For bigb perlonnance al Fluke's lowest prite.get
your hands onUlr newSeries 10. Stop by your
ecat Fluke dlslnbulor andteetwhat a pOVie rlul
cneence theright multimetel makes-c-atthe
rightprice,Fora freeproduct brochure orme name
ofyournearesl dislnbutOl'.callHOO-87-Fl UKE.

CI~l Jo/ItlllukoUlg Co. 1'" Pnuund"*'lIcaloons
~"cNnQI .14 no 00130

The NewSeries 10.
A Small PriceForA Fluke.

FL.UKE .

Fl. U KE A N ll e ur cr r s
Ti l F. T &. M A L l. I A :-J C E

Newl MiRl1llas record wilh relative
timestamp andConllnully capture'":
Makes inlermil1 enl problems easier to
lind. Records highs and 10W5- and
'lime stamps" when theyoccurred. In
continuitymode. opens or snets as tlnel
as 250usarecaptured anddisplaye(l.

i .."'""",",m, '<om
.001~F to 9999~F No need10carry
adedicated capacitance meter.

/

l arge, euy-lo-read display:
4000count digital readool.

Audible Conlinulty:
To perlorrntast continuity
checks, just usten lor
the beep; noneed 10 watch
the display

CIRCLE 121 ON FREE INFORMATION CARD

salety-a Fluke~ndlrd :

Des;oned tomeetUl 12H .
lEe1010. CSAandWE salety
requirements:enensfve
overload protection builtin,

N~w!n75 Hard Poin!'- Test l eads:
Comlortgnp wilh extra SlIongnps
loreetenoeeservice life,

fist , accurate tests
andmeasurernrnts:
AtandDC voltage
measurements to
600volts. ohmsto
40MO; audible
continuity lest
anddiodetest.

N61111Slideswitch and I
lew pushbutlonscontrol
all functions: Designedlor
nueone-hand operation.

Sleep Mode: Shuts itself of!
jl you'orgel. extendinlliong
baneryliIe even lurther.

Fluke quality: Made inme USA byfluke.
WIth thesame fUgged reliabilityears made
ustheworld leader in dlQi!al mullimeters.
Count onhard-worklrl\lhighpe:r1ormance­
andatwo-year .....afranlY 10 backII:up.

Actual size: Easyto~IIY. \
eawtouse.~

New! V&het": For last accurale
checks onpower sourcesand
supplies. setyour meteronVCflek­
and let ~ dotherest. VChekwill
determinecontinuity/ohms; il voltage
ispresent. il will automatically
changemodes 10 measure /It orDC
volts. whichMr isdetected. For most
initialtroubleshOOtingcneos. here's
Itleonly sellingyou need tomake.

Auloranging with manual option:
Your ecce.dependingonyour situation.
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Pc fnt- end -eh oot i s fine for
snapshots. but truly inte resting pho­
tographs require some planning and
some extra equipment. For instance.
if you want to capture spl it-second
act ion. such as a drop of mil k splash­
ing into a glass. you' ll need eith er
very fast shutt er speeds or a good
st robe Iight. OurFreezeFrameSuper
StrobeTrigger uses interchangeable
sensors . so th at any th i ng th at
flashes. pops. snaps. or reflects or
bloc ks light can be used to trigger
your camera's flash or free-standing
photographic lights. The inexpen­
si ve. easy-to-build Fre eze Frame
letsyoucapture stop-action shots for
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they' re fascinating to look at. For all
the details. tum to page 31.
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Here's PB-503-C. It has every feature that our famous
PB·503 offers, but we added one more, portability.
Work on your projects at the office or school, take it
home at night... it's for the enginee r or student who wish
to take their lab with them. Instrumentation , including
a function generator with continuously variable sine,
square , tr iangle wave forms and TTL pulses.
Breadboards with 8 logic probe circuits. And a Triple

Power Supply with fixed 5VDC, plus two variable
outputs (+5 to +15VDC). Throw-in 8 TTL compatible
LED indicators. switches, pulsers, potentiometers,
audio experimentati on speaker... plus a life-ti me
guarantee on all breadboarding sockets! And, because
it's portable you will always have everything you need
right in front of you! PB·503·C, one super test station
for under 5350! Order yours today!!

a . ;;i y FORMORE INFORMATION
••• CALL 1-800-572-1028
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EDITORIAL
IT'S NOW OR NEVER

Now. This moment, this instant- il lives but a microsecond. Then it
moves on and changes and becomes something new and different
and better.

That's exactly what our magazine-our magazine, yours and
mine-is doing. I grew up on Radio-Craft and Radio-Electronics.
You've probably grown up on Radio-Electronics. The next
gene ration of electronics professionals may not even remember
Radio-Electronics , but they will know Electronics Now. For this
new, yet old, publication will be their introduction to electronics. It
will be their primer, their teacher, their guide, their companion. It
will travel with them through their career just as Radio-Electronics
has through yours. As long as there are elec tronics professionals,
as long as there are people who follow the wonderful ever­
changing world of electronics, Electronics Now will be there.

Electronics Now is not a new magazine, it is simply a refinement
of what has always been . It's an evolution to something better,
something wiser, some thing stronger. A magazine more closely
matched to electronics today. Carefully designed, tailored and
directed by selected expe rts who can point you, our reader,
through our pages. toward tomorrow.

Electronics Now is your magazine. It is the culmination of almos t
100 years of progress from the Electrical Experimenter to Radio~

Electronics and finally Electronics Now.

If our founder, Hugo Gernsback, were here today, he'd probably
note that we should have acted soone r. Perhaps he would have
been right. But no matter what, we know we are correct in taking
you and us on this new adventure. Join us as we go. Revel in the
excitement of today and the adventure of tomorrow. Tell us what
you like, what you hate, what we should do, and what we
shouldn't,

Write our editors. contact our bulletin board, send me your ideas.
comments. and criticisms. Help us make Electron ics Now exactly
the kind of magazine you know it should be. And never forget we
may now bear the name Electronics Now, but at heart we are
Radio-Electronics, Radio Craft, Shortwave Craft, Television, and
the Electrical Experimen ter.

Larry Steckler, EHFICET
Editor-in-Chief and Publisher



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

20 thousandth Associate class of wire less communication digitally enhanced analog tech -
Technician c ertified devices-pocket phones. wireless nology that is said to trip le the ca-

Garry D. Streeter of Tacoma. WA facsimile machines, handheld com - pacny of existing analog sys tems. It
has become the 20 thousandth s pulers. and advanced pagers. It is expected to smooth a service
As sociate Technician certi fied by also decided that HOTV will share company 's transi tion to a digital eel-
the International Society of Cer· the UHF spectrum with conven- lular netwo rk.
tified Electronics Technicians US- nonal television, The ruling is intend- The NAMPS digital enhance -
Grn. Mr. Streeter scored 96% on ed to spur competition between ments associated will allow Center
the ISCET examinat ion given on teleph one and cable companies. to offer its customers digital meso
June 10th at Bates Technical Col- The ruling by the Government is saging serv ices incl ud ing alp ha-
lege in Tacoma. expected to encourage local tele- numeric pag ing and voice mail

An employee of Spect roscopy phone companies to acce lerate the notif icat ion. It can also provide
Specialties . Inc .. a company that upgrade of their sys tems with new mobile reported interference (MRIl
manufactures laborat ory equipment equipment to handle v ideo se r- which reduces the incidence of stat-
for atomic research. Mr. Streeter is vices. According to FCC chairman ic interference and lost phone calls
26 years old. He served in the U.S. Albert Sike s, the init iatives could by allowing a phone experien cing
Navy for six years as a fire control produce billions of investment dol- interference to request a hand-off to
technician. lars and thousands of new job s in a clear channel automatically.

The Associate Exam, whic h has the next year. It was recognized NAMPS' ability to allow frequen-
now become the standard for judg· however. that it may take years be- cies to be cleared for other wireless
ing the competence of electronics fore the phone companies master applications will ease the transition
techn icians by industry, commerce. the technology needed to provide to all -digi tal systems. The du al-
and the U.S . Government . covers video programming over phone mode mobile and portable phones
basic electronics theory and prac- lines cost effectively. look and feel the same as standard.
uce. Subject matt er includes math- That delay is att ributed to both analog units. but they can operate
emattcs. physics, electronic lunda- technical and political reasons . AI- on either analog or digital cellular
mentels. semiconducto rs, c ircuit though video compression tech - systems.
theory, troubleshoot ing . and net - noloq tes are now availab le, co m-
....."rk analysis. Jou rneyman CET op- plete fiberoptic networks are seen Blu e-light laser promis es
ticn s are available in the specialized as a necessary-and expensive- highe r CD data density
sectors of audio. commun icat ions, requirement. It is estimated that re- The blue- lig ht solid -state lase r
computers. consumer electronics, placing the nation 's existing copper could be a commercial reality in the
industrial, video . medical. and radar. wiring with fiberopti c cabling could near future . Both 3M and Sony have

Information on ISCET Associa te cost more than $100 billion. Also demon strated their devices that
and Journeyman CET exams is can impeding the phone companies en- could trip le the amount of music or
be obtained from lSCET. 2708 West try in the cable TV arena is a federal data be stored on CD's by the end
Berry Street, Fort Worth , TX 79109 law that prohibits them from owning of the decade.
(8 17·92 1-9101). cable programming equipment. The The blue-light laser is expec ted to

FCC ruling, however. allows a tele- replace the red-light emitting lasers
FCC approves video phone company to own up to 5% of nowwidely used in CD players. Blue
transmission by phone a cable company. tight has a shorter wavelength than

Telephone-operating companies red. so it can be focused on a small-
applauded but cable TV companie s Centel commercializes dual- er spot. That gives it the ability to
were miffed by the June 17th deer- mode cellular phones store much more data in a smaller
son of the FCC to grant the te'co's Centel Cellular Company .Cbt- area and boost disk capacity
the right to transmit TV program s cago , IL. became the fi rst U.S . Last yea r 3M demonstrated a
and video services over phone cellular carrier to offer dual-mode laser based on doped zinc seJenide
lines. The deci sion lifted previous cell u la r ph one s incorpora t ing that emits in the blue-green 490 to
restri ctions that had kept the phone Motorola's Narrow-Band Advanced 53 0·nanometer range. The act ive
companies from competing with the Mobile Phone Service (NAMPS). layer of zinc cadmium selenrde is
cable TV industry. Centel dem onstrated its NAMPS surrounded by zinc selenide. Sony

The FCC ruling also se t the capability recently in a success ful Corp. showed off its true blue-emit -
ground rules for the ope ration of a trial in las Vegas. NV. NAMPS is a ting laser last July.

5



Whats new in the fast-changing video industry.

•

• Photo CD a r r ive s. With the
fanfa re of a nat io nal adver ti sing
campaign. Eastma n Kodak has
launched the newest video medium.
Photo CD-combining the high res­
olution of film photog raphy with the
convenience of electronic display.
Photo processors from coast to
coast are nON equipped wi th the
work stations to transfer negatives
and slides in digi tal form to compact
discs that can be played through any
lV set. regardless of standards­
including future high-definition sets.
The transfer of 20 negatives to a
digital disc costs about $20. includ­
ing the disc. and additional pictures
can be added to the disc at a later
time, up to a total of 100 per disc.

Kodak-brand Photo CD players
(wh ich also can playaudio CD's) sell
fo r about $3 79 to $499, depending
on features. with a carousel changer
due in time for the Christmas sea­
son. The players are being made in
Belgium by Philips, but Kodak says
that it plans to license other man­
ufacturers to make players as well.

Philips CD-I players are also ca­
pable of playing Photo CD 's. and an
increasing number of computers will
be equipped to display the digital
photos. Photo CD players can play
some specially recorded multimedia
pic ture -and-sound 'discs (including
the audio-visual instruction manual
for the Photo CD player). A remote
control for the higher priced Photo
CD player permit s the viewer to
zoom in on any part of the picture
and to crop the photo electronica lly.
Kodak will introduce thermal trans­
fer equipment to make high-quality
color prints and enlargements from
Photo CD's. Kodak also promises
to add equipment to put sound­
tracks and captions on the digital
photo discs .

• New interactive system. The
two largest American-owned con­
sumer-electrontc companies at our
press lime were scheduled to tntro ­
duce a new CD ·ROM·based sys­
tem designed for attachment to

home TV's that is competitive-and
incompatible-with Phil ips' CD·I.
Hardware for the new Video lntcr­
matlcn System N IS) will be made
by Tandy Corporation in Fort Worth ,
Texas , for sale by Radio Shack
sto res under Tandy 's M emorex
brand name and it will be offered by
other dealers under the Zen ith
brand.

VIS differs from CD·I in that it can
accommodate much of the existing
CD ·RO M so ft ware (designed for
MPC and Macinto sh standards)
w ith o nly s li ght modifica t io ns,
providing VIS wit h a large, virtually
ready-made library. The companies
have worked wi th Micro soft to
achieve that semi·co mpatibility. VIS
will come with a large library of en­
tertainment. educational. and infor­
mation software, and will be priced
competitively with the CD·I player
(which now carries a sugges ted list
price of $699). According to its de­
velope rs, VIS is designed so that
eventually it will accomm odate such
edd -ons as a modem and a key­
board. They see "VIS" as an overall
product ident ification standa rd­
like " VHS"-and they are inviting
other manufacturers to joi n them
with their own players.

• U. K. ' s massive recall.
Prospective applicants fo r a new
commercia l television network in
the U.K. have been asked to outline
their plans to retune. modify, or ex­
change virtually ev8'Y VCR, video
game, and home satellite receiver in
the If.K.As a result of that intimidat­
ing prospect. only one applicant reo
rnained at the deadline for filing.

The dilemma resulted from what
o ne journ al call ed a " c lass ic
booboo" by the Independent TV
Commission, which essiqned UHF
channels for the new nationwide
network close enough to interfere
with those used for connecting at­
tachments to home lV-set antenna
terminals. The ITG decreed that the
winning applicant must modify any
and all such devices to prevent inter-

ference. The winner, a consortium
led by Thames lV, says that it will
unleash an army of 2000 techni ·
clans . who will literallygo to door-to­
door to do the modi fications . a t a
cos t of about $135 million, although
some skepti cs think that the final
price tag will be much higher.

• Widescreen TV sets. Despite
controversi es over national HOlY
systems, there is a worldwide
movement toward wid escreen TV
se ts that will wo rk with present
transmissions . TVsets with a 16:9
aspect ratio are now being so ld in
Europe by the top three manufac­
turers there (Philips. Thomson. and
Nokia) and by almost all manufac­
turers in Japan. The: introduc tion in
the U.S. of those sets ves imminent
as this was being written.

In Japan, Sharp introduced the
lowest priced widescreen set to
date (with a tube measuring 26
inches in viewable diagonal) for the
equivalent of about $ 2000. That
company was the first to announce
a changeover to widescreen for all
large-tube receivers, with the 26­
inch (4:3 ratio) in its product line.
Sharp officials are forecasting the
sale of 300,000 widescreen sets on
the Japanese market by all man­
ufacturers in the present fiscal year
(ending in March 1993), rising to
800 ,000 in the fo llowing year.

In the U.S., both Thomson (RCA ,
GE) and Philips (Maqnavcx. Syl­
vania, Philips) are beginning to jm­
port widescreen tubes fro m their
European factorie s. Thomson is lm­
porting 34·inch tubes and Philips is
importing 34- and 26·inch versions.
Both companies report edly plan to
introduce larger sets here in proj­
ection versions. and saj that if the
new picture proport ions catch on
with buyers they'll build the wide
tubes domestically. Ne ither compa­
ny had announced a specific price at
press time, but at their introduction
the wider sets are expected to cost
considerably more than comparably
sized conventional models. R-E
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GET THE LATEST ADVANCES IN ELECTRONICS
I

WITH A SUBSCRIPTlON TO

NOW

Electronics Now gives you
exciting articles like:

EN..QI THEWORLD Of ELECTRONICSEACH MONTH!

Subscribe to the best electronics magazine­
the one that bringsyou the latest high-tech
construction projects. feature articleson new
technology. practica l troubleshooting
techniques. circuitdesign fundamentals. and
much more,

Electronics Now looks to the future and shows
you what new video. a udio a nd computer
products ore on the horizon. \NhaYs more
you'll find helpful, monthly deportments such
asVideo News, Equipment Reports. Hardware
Hacker. Audio Update, Drawing Board,
Computer Connections, New Products, and
more. All designed to give you instruction. tips.
and fun.

•

• Buyer's Guideto Digital
Osci lloscopes

• BuildAScanner Converter
• Single·Chip Voice Recorder
• Build A MIOl lnter!ace foryour PC
• Troubleshoot Microprocessor

Circuits
• Build AHigh·Power Amplifier for

your Car
• Add Music On Hold to your Phone
• All About Binaural Recording
• VGA·lo-NTSC Converter

FOR fASTER SERVICE CALL TODAY

1-800-999-7139

DON'T DElAY SUBSCRIBE TODAY!
Just fill out the order card in this magazine and mail it in today.
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Graduate as a Fully Trained
Electronics Professional!

.<0 "-- _.....
T

train ing . And all your l.3boratory
equipment . books and lessons are
included in your tuition. It's all yours
to use While you study and for on-the­
joe atter you graduate.

PERSONAU ZED TRAINING.••.TO
MATCH YOUR BACKGROUND.
While some of our students have a
working knowledge of electronics
others are just starting out. That's
w hy CJE has developed twelve career
cou rses and an AAS, Degree pro­
gr.3m to choose from . So. even if
you're not sure which electronics
career IS best for you. OE can get you
started With core lessons appl icable to
all areas In electronics. And every OE
Course earns crecn [awards the
completion o f your Associate in
Applied Science Degree. So you C.3n
work tow ard your degree in stages or
as fast as you w ish. In tact. OE is the
only school that actually rewards you
for fast study. w h ich C.3n save you
money.

SEND FOR YOUR CIE
CO URSE CATALOG AND
W E'LL SEND YOU A FREE
2 4-PAGE CIE ELECTRONIC
SYMBOLS HANDBOOK.

r------------,
YES! I want to ge t started . send I
me my O E course catalog inClud ing I
details about the Associate Degree I
Program. lFor your conveni ence, CIE
w ill have a representative contact you I
• there is no obli gation .} I

AE44 t'"
Name 1

IAddress 1

City State__ •

..-

....-

Z~ Ao" _
I

Phone No.(-1----,-,-- 1;.o,.__~ Check box for G.I. Bill Benefits I
... ,,1 0 veteran 0 Active Duty I

- !"''''_J Illl'i;J"'T"::3 ln6 East 17th Slreel .1
. ...'2..l.=;j Clevelaod . Ohio 44114

I A ${;hool of Thousands. I
I A Class 01One. Sif1C8 1934. IL __ ~ .J
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largest home study schOOl specializing
exclusively in electronics , OE has
been training career·minded students
like you rself for nearly sixty years and
we're the best at our
subject....El ECTRONICS...BECAUSE
In THE ONLY SUBJEG WE TEACH!

elE PROVIDES A LEARNI NG
METHOD SO GOOD IT S
PATENTED.
Of's AUT0-PRQGRAMMED" lessons
are a proven learning method for
burlding valuab le elec tronics career
skills. Each lesson is designed to take
you step-by-step and prmClple-by­
prinCipal. And while all of OE lessons
are designed fO( independent study.
OE's instructors are per sonarry avail­
able to assist you with just a toll free
call. The result is practical trarning ...
the kind of experience you can put to
work in tcoay's marketplace.

LEARN BY DOING..W ITH STATE·
OF-THE-A RT EQUIPMENT AND
TRAINING.
OE pioneered the first Electronics
Laboratory Course and the first
Microprocessor Course. Today. no
other"home study school can match
OE's state-of-the-art equ ipment and

eI E'S COMMITTED TO BEING
TH E BEST••.JN ONE
AREA.•.ELECTRONICS.
OE isn't another be-everyttunq-to­
everyone school. OE teaches only
one SUbject and we believe we're the
best at what we do. Also. OE is
eccreoner by the National Home
Study Council. And with more than
' .000 graduates each year, we're the

If you want 10 learn about electronics,
and earn a good income with thai
knowredqe. then CJE is th e bes t
ecccencnar value you can receive.

OE's reputation as the world
leader in home study eiecrron'cs is
base d sorely o n the success of our
qreduates. And we've earned our
reputa tion w ith an uoconcmcrar
commitment 10 provide ou r students
with the very best electronics [raining .

Just <lsk a ny of the I SO,OOo-plus
gracluates of the Cleveland Institute o f
Electronic s who are working in high­
paying po sitions with aerospace.
computer, medica l. actomon v e and
cornmcnicanons firms throughout the
wona.

They'll ten you success d ldnl come
easy... bul it d id come.. .lh..=lnks to me«
OE [(il ining , And today. a career in
electronics offers more rewards than
ever before.



Write to Q & A, Electronics Now, 500-B Bi-County Blvd., Farmingdale, NY 11735

ALL LOCKED UP
I've been having intermi ttent

prob lems with my computer
where the whole system locks
up to the point where even a
warm boot from the keyboard
won' t get il started again . After a
lot of trouble, I discovered that
one of the le 's on the mother­
board is bad. Just about the
on ly good thing about this is
that it 's a simple gate. The bad
news Is that it's soldered dl­
reelly to the board. Do you know
of any method for getting it off
the bo ard without damaging
anything?- B. Sher if. Engale,
NY

I've never found an absolu tely

safe way to desold er an IC . There's
always some risk of damaging a PC
board when removing a part. and
the amount of damage is usually
proportional to your desolder ing
skills and the number of pins on the
part be ing removed . C onsider
whether the whole operation is
worth the time and trouble ir s going
to take before starting.

If you're determined to do the reo
pair, I'll tell you that the amount of
success you're going to have will
depend on the type of motherboard.
If you have a simple double-sided
board, what you do is fairlyeasy, but
if your board is a multilayer one. the
job is somewhat harder.

The easiest- and crudest- way I

know to get an IC off the board is to
cut off the pins close to the body of
the chip and solder the new chip
right onto the old pin stubs . Another
method is to use a " solder sucker"
that will remove solder after your
iron has melted it-but you have to
act quickly. The easiest non-profes­
slcnal method for chip removal is to
use desoldering braid. <Profession­
als might use an electric " solder
sucker," which can be quite expen­
siveJ Desoldering braid is basically
just braided co pper wire that is
pressed onto the solder joint with
the tip of a hot iron. When the solder
melts, it is "wicked" up by the braid.
After the solder is removed from all
of the pins. wiggle each pin back
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and forth with cnq-nosed pliers be­
fore pulling the dip off the board.

VJhatever method you decide to
use. try to practice remOVing parts
from a junk PC board to gain a little
exp erience before attemp ting the
job on a more valuable board.

l OTS OF SWITCHING
I have a prob lem that revolves

around th e need to switch 12
bundles of wire, w ith each bun­
die containing 24 wires that car­
ry a variety of both AC and DC
signa ls ra ngi ng f ro m 1 to 3
amps. I initially used a Stack­
pol e rotary switch driven by a
computer-cont rolled motor to
position t he sw itch as com­
manded by Input po sition logic.
Everything worked well fo r a
while, but the Stackpole switch
would misallgn every few hou rs
or so. My specialty is software
and I could use a little help with
the hardware. Any sugges·
tions?- D. Pric e, Coro nado, CA

You really haven't given me the

Cable TV
Article Parts

We stock the exact Parts & PC
Board for an article published in
Radio elect ronics Magazine on
build ing a Snooper Stopp er.

Snooper Stopp er KIt•••••••••••$ 19.95
IIlCIuO.. all t ile ""g"...1P an, & El~l>e<l . 00>I~"

SiIil-$crMfle<l PC~,

Snooper Stopper••••••••••••••.•S39.00
Tho, ..~~ ." flU<! 1fwoQ.....cy

lDS..5loln:. Snoop., SICll'~.. IOI" mDC J_~ ~II""I..

preteet yourself tram descrambler
detection and stop the Bullet with
one of our Snooper Stopp ers.

Macrovision••no w you see It ,
no w you don't ,
Macrovislon Klt.•.••••••••••••••••S29 .0 0
IlIC""'" a.n 'lie OIlg ....._p.,g & EICI>e<l . 0nI1
Si.II<-SCtMllIld PC ao.nl . Ort g ,Il&"Y PuDbl/\lld III
Ra" ,o E1l'CttorOCI ""-IlVlIIe

Call Toll Free 1· 800-886·8699

Visa, MasterCard or COD

Northeast Electronics, Inc.
PO Box 331 0

N. Attleboro , Ma. 02761

details needed to give you a cern­
plete answer, but there's certainly
enoughhere to be able to point you
in the right direction. And while your
solution is feasible, you're having a
prob lem simply becau se yo u
haven 't th ought the problem
through logically.

The easiest way for you to under­
stand what's going wrong is to
imagine that you are rotating the
shafts by hand. If that were the
case,you'd know when you reached
the right position because you'd be
doing something such as aligning
marks on a dial. Well. nON you have
to do the same thing electronically.

What's missing in your system is
some form of feedback from the
switch that tells the controllinghard­
ware exactly what the position of
the switch is. The feedback mecha­
nismcan be somethingas simple as
a potentiometer positioned on the
shaft so that it reports a vohage
back to the controller.

Anotherwayto go about this is to
use a stepper motor- the kind of

motor used in a disk drive to posi­
tion the headat a particular track on
the disk. This might be the best way
to go because stepper motor con­
trolle rs designedfor use in PC-com­
pat ib le computers are read ily
available.

DIGITAL TACHOMETER TROUBLE
I ' m bu ildi ng a d igital t a­

chometer for my car, and I'm
having problems gett ing reliable
readings.The counti ng circuit Is
OK, but the engine Is a diesel,
and I need a way to pick off an
electri cal signal. I've put a d isk
with holes around the circum­
ference of the alterna tor and I
am using an optical pickup and
emitted Infrared to read th e
hol es. Do you know of a simple
circuit th at w ill amp li fy th e
pu lses from the receiver so they
can be rea d re liab ly by the
counting c ircuit? I'm using
CMOS logic.-J. Hewit, Flo rida,
NY

l'm not sure what kind of car
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CIRCLE 171 ON FREE INFOfl IolATlONCARD CIRCLEIn ON AlEE INFORMATIONCARD



FIG, 1-THIS SIMPLE AMPLIFIER wil l
work well with just abOUI any phototran­
slstor, The 741, although designed too~
erate with a split supply, will work with a
s ing'~slcled supply as we ll,

amp that was designed to operate
with a split supply. BUI since you're
only dealing with ons and offs. it will
work well with a single-ended power
supply.

I've shown the input voltage as 9
volts , but if you've got regulated 12
volts available for the C MOS circuit­
ry, that will do just as well. I suggest
that you look at the 741 output on a
scope and make sure the pulses are
well -sh aped and low in no is e.
CMOS is noise toleran t, but there
are limits. If you see lots of glitches ,
run the 741 output through a CMOS
gate before sending it to your ta­
chometer. If you have some extra
gates available, you can use one of
them, If you're going to add a gate,
use a Schmitt trigge r such as a
4093 NAND gate or a 4584 inverter.
The inherent hysteresis in a Schmi tt
trigger will to clean up messy pulses
and odd circuit line noise. R-E

you're talking about so I can't sug­
gest a better way to get the pulses
from the eng ine, Op tical stuff is
okay but it seems like a bad choice
for an engine compartment since
there 's always an oil mist and other
grunge that can interfere with the
operation of the pickup. Magnetic
pickups o r a Hell-effect sw it ch
would seem like a bette r way to go.

If you have solved the problems of
dirt and alig nment. I'm surprised
you're having a problem with the
level of the pickup output. It's an
easy one for you to solve if you're
using CMOS.

ThE' ~i~cuit shown in Fig. 1 is a
simple amplifier that wi ll work well
with just about any phototransis tor;
The layout isn't at all cri tical, and you
can put the whole thing (minus the
phototranststor; of course> inside a
sealed plasuc box anywhere in the
car. The 741 is a readityava ilable op-

LJ ,
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M a 11 o rders 10 ClAGGK me. Pulse StIC k II
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Ideal for running, walking and
aerobic training programs!

in the pulsed intensity of infrared
radiation emitted by superficia l
blood vessels below the skin altha
thumb. The time intervals between
pulses are automatically measured
and analogued by the micro­
processor based circuitry and dis­
played in a liqu id-crystal display
(LCD).

Belore anempting any exercise pro­
gram, consult your doctor. Ask for
guidance reg arding the recorn ­
mended safe pulse ranges for your

exe rcise progr am . Fo llow
your doctor 's instructions

carefully.
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Uses three AA dry cells
supplied with PULSE STICK n

Your very own sophis ticated
pocket health monitor. PULSE

STICK II, checks your pulse rate
quickly and accurately anywhere.
Regular monitoring of your pulse
rate during exercisewill enable you
to plan an exercise regimen suit­
able for your stage of fitness. pulse
stick II provides an early warning
that you may be exceeding your
own capabilities.

PULSE STICK II photoelectri­
cally measures the changes
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TO ORDER
48 HOUR ELENCO & HITACHI & 8+ K PRODUCTS CALLTOLl " "

1·800· 292·7711

SHIPPING AT DIS C 0 UN T PRIC ES 1-800-445-3201 (Can)

$1.650
$1,950
52.350
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Hitachi ASO Series
RS O's ieature : roll mode. averag ing , save
memory. smoothing , Interpctancn, pre lTigger·
ing. cursor measurements.

VC·6023 • 20MHz. 20 M5/S
VC·60 24 . 50MHz. 20 MS/s
VC·6025A · 50MHz, 201.45 /,
VC--6045A - 100MHz. 40MS/s
'I C-6145 - I 00"1Hz. 1OOMSIs

Hitachi Compact Series Scopes
'1·212 - 20MH z Dual Trace $-t09
'1·525 · 50MH z. Cursors $975
'1·523 - 50MHz. Delayed Sweep $949
'1·522 · 50MHz. DC o nset $849
'1·422 · 40MHz. DC onset $749
'1·222 . 20 MHz, DC onset 5625
'1·660 - 60 MH z. Dual Trace $1.09 5
V·665 A - 60MHz.OT. wzcursor $1.325
'1.1060 · l 00MHz. Dua l Trace $1.375
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'I· l 100A . lOOMHz. Quad TraC8 _ _ $2.195
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B.K OSCILLOSCOPES
2120 · 20MHz Dual Trac e $395
2125 · 20 MH z Delayed Sweep $539
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216 0 · 60 MH z Dua' Trace . Derayed S weep .

Dual Time Base $949
2190 - 100MHz Thre e Trace Dual Time Base.

Delayed Sweep $1.395
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1.0GHz PORTABLE
SPECTRUM ANA LYZER
Model 2610 $ 2, 595.95
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• 70dB dynamic lange
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• 500 and 750 Input Impodance (swirch eerec­
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• Fi.od bandwidlh lleU"'lI lor vifwin\!TV signals

• I mV sensitrvily
• Dual tIfTl8 DOSe

S-1325 25MHz $349
Dual Trac e Oscilloscope

5.1340 40MHz $495
Dual Trace Oscilloscope
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Dual Trace, Delayed Sweep

• Automatic beam Ilflder
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AUDIO BUYING TIPS
I haveeojoyedLarryKlein's Audio

Update column very much over the
years. He provides a breath of fresh
air in a field often fogged by the
strong odor of addled logic. Larry 's
coverage of the 1991 AES Conven­
tion was also enlighteninging be­
cause he drew attent ion to the
significant psychophysical research
concerning what we really can or
cannot hear.

rd like to add a few buying tips for
consumers from my art icle " Can
You Trust YourEars?" AES Prepnnt
3177. Because humans havesuch a
strong tendency to hear sounds
that might never have occurred, au­
dio equ ipment customers should be
aware that even the best receivers,
preamplifiers. CD players and am­
plif iers cannot be reliably evaluated
under controlled conditions. (I am
assuming that this equipment is
be ing operate d at it s speci fied
power limit and all cabling meets the
manufacturers' requirements)

Second, it is practically lmpossj­
ble to conduc t a fair listening evalua­
tion even in a st udio-eqinpoed retail
store wi th all components matched
and compensated. Finally, you are
not stupid if you don 't understand
everythmq the salesman tells you.
When you are tempted to buy a
product but still unsure of yourself,
wait until the next day to make a
decision. There 's a good chance
that you'll decide you don't need
whatever it was that was being
pitched . Caveat emptor.
TOM NOUSAINE
Cao< IL

NETWORKING CORRECTION
As a lonq-time reader of Radio­

Elect ronic s and a data-communr­
cations professional. I was pleased
to read the first part of Gary Me­
Clellan's series entitled " From Not
Working to Networking."inyour Au·
gust issue. Unfortunately, the sec­
t ion ent it led " C onnec t ing ne t -

works" posi tions bridges, routers ,
and repeaters in the incorrect layers
of the 15 0 10 51 model.

It is generally accepted in LAN
networking that a repeater operates
at layer one , a bridge operates at
layer two, and a router operates at
layer three of the 1501051 model.

I trust that statement clarifies Mr.
McClellan's information, and I look
forward to reading the remainder of
the articles in his series.
SHELDDN H. DEAN. CET
Calgary. Alberta. Canada

THE BOTIOM LINE
As panelists in a seminar entitled

"Strategies to Guard Against Pro­
ductivity Loss" during PC Expo on
June 25 . we were astonished to find
that of the thousands of industry
protessionals at the show, only one
decided that a session on productiv ­
ity enhance ment was important
enough to attend.

The show's management found
the top ic compelling enough to
sponsor the seminar, and experts
on the subject were ready to talk.
But it seems that the individuals in
the industry-vendors, customers,
and managers of corporate comput­
ing resources-did not find it impor­
tant enough to learn more about the
link between technology and pro'
ductivity.

M emb ers of the industry do
seem to find glitz, power.and speed
interesting. They seem to fixate on
the question: "Can we make it big'
ger, faster, or better than our com­
petitors?" The name of the game
seems to be "hardware for the sake
of hardware" and "software for the
sake of software."

We forget that senior manage­
me nt, whic h co ntrols the purs e
strings, cares about return on in­
ves tment , produc tivity and profit.
They don't care about chip speed or
power. Who in our industry is think­
ing about vital productivity issues
such as educa tion , t raining, and

support? Is anyone thinking about
the need to re-enqineer products to
take advantage of developing tech­
nology? Is management afraid to
find out if there really is a positive
return on investment in computer
technology?

Unti l the computer industry stops
to takes stock of where it has been
and where it is going-particularly
the relationship between computer
technology and the bottom line­
the promise of technology will not
happen. We should be concerned
with how the technology can
change the workplace, improve cor­
porate competnrvenese. and help
us to meet our national econom ic
goals.

None of this is glamorous stuff.
Mak ing technology deliver on its
promise is tough, tedious work. It
certainly does not offer the fun of
playing wit h the latest and greates t
graphics user inte rface. But it is
where to f ind productiv ity i n ­
creases. Productivity is the respon­
sibility of people, not just machines.
It seems that those attending PC
Expo were loo king for something
othe r than strategies to prevent
losses in productivity.
KAREN KARlEN
Karlen Associates
PETER DE JAGER
de Jager & Co.
DAVE WHrTTLE
IBM
SUSAN RASKJN
Rastec
RALPH E. GANGER
Ste rling Resources

I'd like to respond to the leiter by
Stephen Schlerck . " Seeing the
li g ht , "( J u ne Rad io · Elec ­
tronics J In my opinion, as a tech­
nically trained person Mr. Schleik
should have been better able to un­
derst and the point made by his
" rocke t scientist" f riend. M r.
Schlelk's anger at his friend is un­
warranted, but he is correct in what
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peres. I multiplied 120 volts x 1.86
milliamperes to get 223 milliwatts
(from the line). Then 223 mitliwalts
x 8760 hourslyear equals 1953
watt -hou rs. This is a 1.953 kWh
power consumption with a dimmer.

For prac tical purposes 1.953
equals 2 kWh at 5 cents (average
U.S. power costr per kWh for a cos t
of 10 cent s. (ln New York City with
power costing three times the U.S.
average. the result is 30 cent sJ I
ignored the time the bulb was at full
brightness because I assumed that
time and cos t would be the same in
both cases. And I haven't included
the lost time and trouble of buying
new bulbs and spares.

Based on the standard of 120
volts rms in the U.S., a good rule of
thumb is that a 10 % voltage in­
crease shortens bulb life by half, but
a 10% decrease doubles bulb life.

Are there ways to get around
this? First. don't buy standard long·
life or guaranteed bulbs; all you get
is one designed for 130 volts , usu­
ally poorly made.

Consider trafflc-llqht bulbs. They
are made for long life and reliability.

The tungsten filament must be
longer and thicker to obtain the
same level of illumination but have a
longer life . That makes the bulb
more expens ive to manufacture .
Higher price means fewer will be
sold which. in tum, forces up the
retail price even further. Most peo­
ple buy the cheapest bulbs they can
find because they don't remember
how long its predecessor lasted!
PAUL CHRISTIE
Bayside, NY

DISTORTION STOPPER
The distort ion problem presented

under the heading "Pocket-Stereo
Amp" in Ask R-E (Rad io -El ec ­
t r o ni c s. August 1992) might not
be caused by the LM 386 circuit; it
could be caused by insufficient load
on the source amplifi er from the
pocket stereo-particularly if the
output amplifier is made from dts­
crete components. The key to my
conclusion was the report of distor.
uon at all listening levels.

I recommend loading the pocket
stereo with a 20- to 50·ohm resistor,
as shown in Fig. 1.
JIM HATHAWAY II
Nort h Highlands, CA

he said about the average power
usage of a light bulb.

However M r. Schleik missed by a
mile the point being made by his
friend. The problem is not average
power consumed by the bulb. but
the power surges that damage the
bulb and cau se it s prem ature
failure-the reason why we are al­
ways purchasing new bulbs.

The three reasons for fi lament
lamp failure are operating time, fre­
quency of tum -on, and supply volt­
age. A standard commercial bulb
can be expected to fail after it has
operated at it s rated voltage for
about 750 hours. (This is an average
life for household inca ndescent
bulbs). The lamp manufacturer is in
business to sell lamps at a profit. If
bulbs last ten years, replacement
sales will be low.

The more frequently the bulb is
turned on and off, the shorter its life.
The 750 hour-life is an average de­
termined from spec ified test pro­
cedures. Consumers usually don 't
get that kind of life from lamps for
the same reason they don't get the
gas mileage shown on new car
st ickers . People don 't use light
bulbs or cars the same INCJ'f they are
tested!

When I lived in an apartment in
New York City, I never turned off
certain lights because the electric
bill was included in my rent. I just
turned down the light. with a dim­
mer. The pont is, I never replaced
light bulbs in the eight years I lived
there.

When I bought a house and had
to paythe electric bill, I turned off all
my lights at night. I had to replace
my eiqh t-year-eld bulbs in a few
days. Coincidence? Maybe, but I
don't think so. In my own house we
had to replace bulbs every few
months. We operated the bulbs at
full brightness only in the evenings
and on weekends.

Which is cheaper, a $1.00 bulb
that lasts eight years with a dimmer
0 0 cents a year w ithou t being
turned off) or replacing bulbs cost­
ing a buck two to three times ayear?

I measured the idle current of a
lamp with a dimmer having a 4.3·
ohm resistor in series. The voltaqe
across the lamp was 8 millivolts.
Wit h Ohm's Law. 0 .008 /4 .3 =
0.00186 amperes or 1.86 mllllam-

CIRCLE 1112 ON FREE lNFORMAOONCARD



Plus you now go on to work 'with today's most
popula r integrated software package. Microsoft Works ,
learn ing to use its word process ing, sprea dsheet, data­
base , a nd communications utilities for your own personal
and professional applica tions. But that 's not all.

NEW!
.----386sx/20 MHz

Mini Thwer
Compu ter

Train the NRl u'CJ)'-CJnd learn to
service tcxlay's computers as , 'OU build
your own 386sx comp uter B)'stem, now
with 1 meg RAM, 40 meg IDE hard
drive, and exciting new diagnostic
hardware and soflware!
debs for compute r service technicians
will almost double in the next 10
years acmrding to Department of
Labor sta tistics. making compute r
se rvice one of the top growth
fields in the nation.

Now you ca n cash in on th is
excit ing opportunity--eithe r as a
full-t ime indus t ry technician or in
a money-making compute r se rvice
bus iness of your o....m-e-once you've
mastered electronics and computers
the NRI way.

NRI's practical combination of "reason-why" theory
end ha nds-on building skills starts you with th e funda ­
mentals of electronics, then gu ides you through mere
sophis ticated circuitry all the way up to the la te st ad­
van ces in compute r techno logy.

Learn to troubleshoot and
service today's computer
systems as ou build a
386sx/20 mini tower
computer!

•

j

Train with a n d keep a powerful 386sx120l\U Iz
computer sys tem plus popular Microsoft­
Works software!

Only NRI gives you hands-on training with the finest
example of sta te-of-the-art tech nology: the powerful new
West Coast 386sxl20 MHz min i tower computer. As you
assemble this 1 meg RAM, 32-bit CPU compute r from the
keybonrd up, you actually see for yourse lf how each section
of your compute r works .

You assemble a nd lest your computer's "intellige nt"
keyboard. install the power supply and 1.2 meg, high­
density floppy disk drive, then interface the high-resolu­
tion monitor.

Your hands-on training continues as you install a
powerful new 40 meg IDE hard disk drive-now included
in your course to dramatical ly increase the da te storage
ca pacity of your computer while giving you ligh tning-quick
data acce ss.

Dilly NRI git'f'8
)'O u hand . ·an
traill i ng with
th e remarkable
R.A .C.E.R. plug­
in diagnoet ic
caTd ond
Qu ickTech
diugn~tic

aofllCGlT from
Ult ro-x _
profeu io na l,
d ate-of -thr-o.rl
d iagmutic IOQI.
t ha t mak e
compute r
trouble . h'H,tinl!
(m<l and aeou­
rate.
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No experience needed ... NRI builds it in
NRI training gives you practical . hands-on experience

that makes you uniquely prep ared to take advan­
tage oftoday's opportunit ies in computer service .

You learn at your own conve nience in your
own home. No classroom pressures, no night
school, no need to quit your presen t job until
you're ready to make your move. NRI starts you
with the bas ics, bui lding on that foun da tion
step by step un til you have the knowledge and
skills you need for success.

And all throughout your training you've
got the full support of your personal NRI
instructor and the entire NRI technical
staff, always ready to answer your questions
and help you achieve your training goals.

FREE catalog tells more. Send todayl
Send today for NRl's big, free catalog that
describes every aspect of NR r s innovative
compute r training, as well as hands-on
training in other growin g high-tech
ca reer fields.

If the coupon is missing, wri te to;
NRI School of Electronics, McGraw-Hill

Conti nuing Education Cente r, 4401 Connecticut Avenue,
NW, Washington, DC 20008.

printer ports, se rial communications ports, video disp lay
memory, floppy drives , and hard disk drives.

Only NR1 gives you such confidence-building, real-world
experience. Only NRI gives you both the kn owledge and the

professional tools to succeed as today's in-dema nd computer
service technician.

Your NRJ computer train ing includu al" 'hi~ • NRI'. un ique Dm ot'('ry La bOfor circuit dnign OM
le.ting • Ho nd·held digital multimeter u.'ith "talk..,YJU-th rough " instruction. on audio cfUlutte • Digital
logic probe th<dId. )VU vis ually ('Sa mine com puter circuit • • Th e new ",ul Coas t 386u/20 .uH~

co mp ute r " lIt f"m. fraturing a high-. fWPd 80386.x CPU, 1 mf'g RAM,
lOI.k l7 "i n te lligl'n t " k eyboard. 1.2 IPU!g h igh-d"n.ity floppy

d rive, and high·re.olution monitor· 40 meg IDE hard dric... .
MS-DOS, GW-BASIC, and Micro. ofl Work••ofl won> •
R.A.C.E.R. p lug .in diagnoetie card and QuickTech menu­
driven diagnoet ic softumre • Reference manuals w ith
guideline, and . chematiclI

NOW! Training now incl ud es Ultra-X
diagnostic hardware and software for quick,
accurate troubleshooting!

SEND TODAY FOR FREE CATALOG

IB.'ol i. 0 ..".und ' rad . .... ,k of Inl<rnoh . nol B" , ;"".. Mochin.. CMp . R A-C,E.R. ond
Now you t ra in with and keep the latest in Qoi<kT« h 0... ....1lI.l< fo'<! .nuI. ", o, k, .rull...·X. ln<

diagnostic hardware and software : the
extraordina ry RAC.E.n. plug-in diagnost ic
card and QuickTech diagnostic softwa re , I
both from Ult ra -X, Using these state-of-the. ~R~ :\lcGraw·Hill Continuing Education Center

4401 Conn~cut Avcnue. NW ~";,:a
art tools, you learn to SchoolS Washington. DC 20008 .th I
qui ckly iden tify and For_. >:oo.tneO I
service virtually .~ "ndn' GI Bill
a ny computer { Ch...,k ODe FREE CAtalog o nly 0 d1«k r....drtaih.. I
problemon XT, - o MICROCOMP lITER SERVICING I ~
AT 80286180386. O TVN i.u.:.'AudioServicing O Computer~rnminl$ I ~

d hi D Telrro mrnunications D Proriamrning In c++ w,th Window, i{3,
an com pa ti e D Industrial Electronics D Desktop Publi, hing I
machines. 0 Security Electronic, 0 Word Proce' sing Home Businesa

You discover how \ D Elecircnie Music Technology D Home Inspection I -
- ---~----- D BMic Electronic9 0 Building Construction ~

to use the RA.C.E.R. W~?~:m,~"';.!i D Automotive Servicing 0 Bookkeeping & Accounting I !'V
diagnostic card to , : I I tn
identi fy individual a
defective RAM chips. locate inte rfacing I Name (pleaseprint) Age I a
problems, and pinpo int defective su pport I I ~

chips. Plus you learn to usc your QuickTech I Address I ~
diagnostic software to tes t the system RA.'I Q

and such peripheral adapters as parallel LCity~~~_~~~~•.x~~~udY~~ _ _ .1-!!.2_ ..J ~
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EOUIPMENT REPORTS 1

]pC International 10107 Digital Designer

L..:.'

Breadboarding circuits is
the only way to learn
electronics design!

CIRCLE10 ON FREE l"lfOfl MATlO'" CARD

From the mail that we receive
at Electronics NON, .'V>Ie knew
that many of our readers en­

joy our concentration-in both fea­
ture art icles and co lum ns-on
circuit theory and design. In this is­
sue . for example. we present at­
most two dozen ci rcuits based on

the 555 timer in a feature artic le.
and a simple video scrambler circuit
in OUf " Drawing Board" column.
And. of course. our construction
projec ts provide new circuits every
issue.

Althou gh irs possible to learn a
great deal by studying the ci rcuits

and the ir accompanying des crip­
tions. it's not the best w<rj. There's
just no better way to Increase your
understand ing of electronics than
" getting your hands dirty" building
circuits and exper imenting wi th
them.

Having an adequately equipped
lab is essential to electronics ex­
perimenting. The right equipment
lets you build circui ts more easily
and efficiently, That's important be­
cause the easier it is 10 build cr­
cuits. the more you will experiment.
and, thus. the more you willieam.

Such thoughts kept crossing our
minds as we examined the TDlDl
Digital Designer from JPC lnterna­
uonal (P.O. Box 55. Agoura Hills.
CA 91300. The TDIOl makes it
easy to build circuits and change

CIRCLE l It ON FREE INFOR......lIONC"'RD

max imums and
au tomatic read­
ing hold arc
simple functions
w it h Beckman
Industr ial 's
RMS225. It 's
simply th e best
meter for th e

Modified Panasonic Slirnline,
6 hrsperside
120 TDKlape furnished.
AC/DC Operation.
Quality Playback.
Digital Counter. l
Durablelightweight Plastic. $ •

119.00

SUPER 12 HOUR RECORDER
CALL TOLL FREE

Solidstate Adj ustable
Sensitivity. Voices &
Sounds Activate Record er
Adjustable Sens itiv ity
Prov isions lor Remote
Mike $28.50·

• Add lor ship . & hand ling , Phone Adaple' & Vox
S2.00eactl , Aecorders$S.OO eactl . Colo. Res add
lax. MaUOrde' . VISA.M,'C.COO'sOK. Money BlICk
Guar. Oly DiI.c. available. [)ealer inquiries l l'lv~ed ,

F," data 01'1 other products.
AMC SALES INC. 193 Vaquero Dr.

Boulder, CO. 80303 '
Phones (303) 499·5405 1~92~2488

FAX (303) 4944924
Mon·Fri 8-5 MTN. T IME

Starts & Stops Recorder ~
AUlomatically When~
Hand Sel ls Used.
Solid State!

FCC Approved

81"
money.

The RJ" t5225 was
built around sim­
plicit y. Ins tead
of a barrage of
bu ttons to push ,
yo u simply
scro ll through a
menu of special
functions.
Minimums,
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their configurat ions. and examine
how they operate. The designer.
which is housed in a sturdy cream­
colored plastic case that measures
about 10% x 8lf. x 2 inches. fea­
tures a large soldertesa breadboard
on its front panel. The breadboard
provides a total of 1380 tie points .
which can accommodate up to six­
teen ta -ptn DIP·s . Because the
TD 107 offe rs built -in power sup­
plies. pulse generators . clock qen­
erators. and more. it's possible to
build circuits that are Quite complex.

Eight LED logic indicators are lo­
cated at the top left side of the de·
signer's sloping front panel. A logic
probe. which indicates high. low.
and pulsing logic levels is also avail­
able. Two momentary logic switch­
es let yo u manual ly gene rat e
pulses. Pulses of 0.5 Hz and 500 Hz
can be obtained from front panel
terminals in either high-to-IOVoI or
low-to-high transitions.

Clock signals are also provided
by the designer. Com plementary
clock signals with frequencies of 1

Hz, 1 kHz and 100 kHz can be
switch-selected. A line frequency
<50Hz) clock is also available. Eight
slide switches provide switchable
high or 10V0I data lines that can serve
as inputs.

Two po te nt io me ters . 1K and
l OOK units. are co nveni ently 10 '
cated at the bottom of the panel.
Among other things. they can be
used to adjust the levels of the +5
and :t: 12 volt power supplies.

Having such building blocks as
power supplies. pulse generators.
and clock generators around the
breadboard means that you can
conc ent rate on acc omplishing a
task without worrying about basic.
mundane circuitry. That makes the
TD107 designer ideal for formal lab­
oratory courses because it lets stu­
dents use the ir class time more
efficiently. The designer would also
be appropriate for home use by any
electronics hobbyist or enthusiast.
For those users who need to build
large circuits . the designer can be
expan ded with addi tional bread-

board space that can hold up to
eight additional 14-pin DIP·s.

The TDl07 digital designer car­
ries a suggested reta il price of
$159.95. which is competi tive for
this type of device. JPC also offers
an analog designer. the TA 102 .
which is priced at$149.95. The ana­
log designer provides the user with
variable regulated power supplies. a
center-tapped Sn-volt AC supply,
sme-. square-. and triangle-wave
generators instead of the digital
pulse and clock genera tors, and
logic indicators . R-E
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Call (9.U85-1-1illl, (9.).)1227-9781in CA

If you r meter doesn't have
True R..\JtS, it 's lying to you.
Those nasty nonsinusoidal
an J Iris)' simL....1idll wave forms
fool even the best "c1Vemging"
met e rs, The problem was,Tn IC RJ\1S
used to be expensive , Good new s .
Till' RMS225 L<; hal f the prier of
simila r m eters .

B eclcfflBn Indu!J>Trl.n"

uarn II '-Inspn lime.
, Mol""'lous~ I'IHded!

No costl y school. No comm uti ng to class.
ThC'Original Ho me-S tud y cou rse prepares
yo u for t h C' " FCC Commercial Radio­
tC'lep ho nC' LicenseMThi5 valua bk neeasets
you r p rofes si o nal ..ti ckd M10 thousands o r
exdlinR: Jobs In Com m unicat ions. Radio­
T V, Mic rowave Mari tlmt', Rada r. Avi on ics
a nd mo re .•.even s ta rt yo ur ow n bus lnC'ss !
Yo u don't need a eouege degr C'C' to qua lify.
but you do need a n FCC LIcC'nst',
No Need to Qu it Your J ob or Go To School
This proven course 15 ea sy. fa s t a nd 101"
eesu GUARANTEED PASS-You j(d your
FCC LIcC'Q§C or mOQI:')' refund C'd. Se nd lor
FREE bcl. now . "'AIL COUPON TOOAYI

r----------------------,• comm~nD PRODUCTiOnS •
I f CC LICENSE TRAINING, Oepl . 90 I
I P.O. eo. 2824. San FranC'ls<:o. CA94126 I
: PIe rush FREE~il.lmm.ecll.telyl :
I [ I
I ADO<I[SS I
I on S' . l [ 11~ IL __ ~_ ~_. _ •• _._. J
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NEWPR I I ueTS
Use the Free Intormation Card for more details on these products.
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S eve n pu lse w id t hs
range from 50 nan o se ­
conds to 50 microseconds
with each s tep variab le .
Four oper ational modes
are offered: internal. exter­
nal. manual. and external
up and down. The pulse
g e n e ra t o r mea s u res
10¥ax 9 x 3¥a inches and
weighs 5Y~ pounds.

The 8 ·/0 /0 pulse gener­
ato r price is $499.-HC
Prutek. P.O. Box 59 . Nor­
wood . NJ 07648; Phone:
20 1· 76 7 ·7242 : Fa x :
201-767 -734 3.

CompuScope LlTE-64K
co st s $995.- Gage Ap­
plied Sciences Inc .. 54 65
Vanden Abeele. Montreal.
Quebec. Canada H4S t81 :
Ph on e : 5 14 · 33 7· 689 3 ;
Fax: 514·337·8411.

PULSE GEN ERATOR. Pro­
tek's Model B· l 01O1 Hz to
10 MHz pulse generator m­
eludes includes variable
delay and seven pulse wid·
ths . 0 to 5 vol ts into 50
ohms. Delay time is 0 to 50
and 500 nanoseco nds. 5.
50 and 500 microseconds
and 5 milliseconds. varia­
ble in each step.

PORTABLEPROTOTYPING
STATION. How abou t a per­
table electronics laborato­
ry to take to school . the
job-or even on vacat ion?

The CompuScope LITE
card purchase includes dig­
ital-oscilloscope sof tware
permitting users to store.
analyze. print. and transmit
their data. GageCalc soft­
ware also permits users to
carry out math function s
such as FFT and frequency
counting . Gage offers soft ­
ware drivers compati ble
with all popular compliers:
Turbo Pascal. Turbo C. Mi·
crosoft C . and Turbo Basic .
Those drivers can control
the board in OEM appnca­
uons. The software. which
runs under MS·DOS. has
an installation utility and an
AutoDetect feature that is
said to be simple to use.

CIRCLE 17 ON FREE
INFORMATION CARD

and a user-fr iendly in ter­
face. Up to eight of the
ca rds can be installed in
the same PC mak ing i l
eq uivalent t o an eight ·
channel. 40-MHz or a t6·
channel. 20-MHz digital c s­
cdloscope.

AM BROAOCAST LOOP AN­
TENNA. The BCL-' recev­
ing antenna from Electron
Proces s ing . a co mpac t
8 x Bvtnc h sq ua r e u n ­
shielded loop. is said 10 reo
ce ive AM broadcas t sta­
tion s wh ile rejecting exces­
sive noise . A 30-dB pre­
amp lifier assures strong
signa ls. and interference is
reduced or e liminat ed by
th e loo p's d i rec t ion al
charact eristics. Noise reo
ducuon permits the recep­
tion of stations thai other­
wise could not be received.
WIth a recept ion range of
530 10 2000 kHz. the an­
ten na is powered by line
tao-con AC. It is equipped
with a jumper cable to con­
nect the receiver and a se­
lec tion of connectors is
available . CIRCLE 16 ON FREE INFORMATION CARD

The price of the BC~ '

AM loop antenna is $ 125 handling.-Elecl ron Pro- Cedar. MI 49621: Phone:
plus $5 for shipping and cessing, Inc.. P.O. Box 68 . 616·228·7020.

OATA-ACOUISITION CARO.
Gage 's Co mp uScop e
LlTE·64K deta-ecqurstnon
ca rd provides 40-M Hz
sampling with 64K of memo
ory. According to the com­
pany. it s card permits
personal com pu te rs to

~_ match the performance of
s ta nd-alone d ig ital os ­

! cntoscopes.

~
~ The card. in an IBM PCI
_ XTI AT format. performs

40-msps drqt ttzatt on on
~ one ch anne l or slmulta­
!3 neous 20 -msps digitization
'c;: on two channels. It also ot-

W

i fer s a-bit reso lu tion . 32
kilobytes of memory per
channel. exte rnal trigger

24 capability. software drivers.
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TECH SPRA Y; Inc .
P.O . Box949
Amarillo, TX 79105-0949
(806) 372-8523
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\'o1lrlher you're r.kling the c1irtiest job. Of <INning ~ pre6sion pece
ofequipment, Ted! Spr~ hoM ~ deaning product that makesthe u~~.

TKh Spr~y h~s espanded its IiOf' 01 blushes, sw~bs ~nd wipes to
cover the wide v~ritly 01 cleaning and maintefljnce needs in the
elK troniC industry.

All TechBrushes"' , Iectuwabs" and Techdean'v Wipes are
precisely manufa cttlfed under Tech Spray's rigid specifiU lions.

Tech Spray t~ke l

lpetial cafe throughout
the manufactunnq
process and in ill
packaging to maximse
cteanu oe ss a n d
protection ~g~in s t

elKtros tatic: disdurge.

For ~ sample of~.

or any Tech Spray
product. contact our
Techn ic~1 Ass; lt~nce

Dep.lrtment tol free oil

1·800·858-4043.

AN ECONOMICAL
KEYBOARD·CONTROLLED

KEPCO BENCH POWER SUPPLY
75 WATTS

,.. Every Cleaning Task Made
Easier with New

Brushes, Swabs & Wipes

Choose from lour Dig ital Power Suppl ies: o-12.5V«' GA.
o-24V (I. 3A. 0-40V (<I 2A or o-125V (I. O.SA. Each one
oilers precise , repealable vollage conucr with twocu rrent
ranges. Fully protected lor overvol tage or overcurrenl.
Bonus : Youcan program the oulput lrom your PC's serial
port (AS232 software included) and read back too!
The OPS is an attoroaote orctessionet instrument and
belongs on your bench.
Wan t more info ? Ask for "DPS" bfochure, 146-1768. Call· wrote-fax:
Dept. MX5-87. xeccc Inc . 131-38 Sanford Avenue, Flus hing, NY
11352 USA . Tel: (718) 461-7000 . Fax: (718) 767-1102. Use your
VISA Of MASTERCARD. Immecllale delivery, 5· year warranty.

-!.=.I
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For fixed-program sto r­
age. the SBC-486 has up
to 1.5 megabytes of on­
board ADM /R AM disk. en­
suring quick boo t -up and
reliable operation. The on­
board video controlle r driv­
es CRT's and flat-panel dis­
plays directly. O ther fea­
tures include hard- and
floppy-disk co ntrollers. a
battery-backed real -t ime
clock. a math co-processor
socket. and an SBX inter­
face that lets the user add
" no n· IBM" expa nsio n
boards.

The SBC-486 board is
priced from $936 in OEM
quantities.- Compuler Dy­
namics. 107 South Main
Street. Greer. SC 29650;
Phone : 803 -87 7-B700;
Fax: B03-B79·2030.

ttons. It includes an Inte l
486-compatible MPU .
flash memory. and an ad­
vanced video con troller.

Th e bo ard measure s
5-3/ 5 x 7·3/ 4 inches. tak­
ing up only about 10% of
the space required by a
desktop PC. The board 's
25-MHz Cx486SLC MPU
exec utes the 486SX in­
struc tion set and all 486SX
operating systems , includ­
ing DOS and Windows.

An on-chip. one-kilobyte
cache gives the processor
more than twice the speed
of a 386SX at the same
clock frequency. In addition
to the full complement of
standard PC functions. the
board provides for up to
786 K of flash AOM .

486-CLASS SINGLE·80ARO
COMPUTER. This PC-com­
patible. sinqle-board com­
puter from Compufer Dy­
namics is intended for
embedded OEM appuca-
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G l o b a l Special ties '
PB·S03·C is a complete
elec t ro nics prot otyp ing
station housed in a carrying
case. It can be used for pro­
totyping analog.digital. and
mi croproces sor c ircu i ts
and performing many kinds
of experiments.

The breadboard has an
area large enough to hold
circuits with as many as 24
DIP.packaged devices. The
po rtable lab contains a
function generato r. a power
supply with three output
voltages. an 8-channel log·
ic probe. and two digital
puleers.

The power supply has a
+ 5·volt, 1ampere. and two
variable 5-15-volt. O.S-am­
pere term inals. The func­
tion generator produces
freqoenciea from 0.1 Hz to
100 kHz with a choice of
sine. square. and triangular
waveform s or TIL clock
o utput. Th e briefcase ­
sized. fold-down carry ing
case is roomy enough to
sto re an opt ional Proto­
Met er 4000 multi met er
and WK·' wire-jumper kit.

The PB-S03·C portable
pro totyping s tat io n is
priced at $349.9 5: the
Proto·Meter 4000 price is
$139.95 . and the WK-1
wire -jumper kit pri ce is
$13 .95.-Globa l Spe ­
cialti es, 70 Fulton Terrace.
New Haven . CT 05 412;
Phone: 800-572-1028.
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GRAPHICS CALCULATOR.
Here is a calculator that
plots graphs to speed-up
problem-solvmq. Texas In·
struments' Tl-BS Graphics
Calculatorcombines anad­
vanced scientific calculator
with graphics plotter in a
handhe ld package.

CIRCLE 21 ON FR EE
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The Tf-BS is intended for
use in the office. when trav­
eling. and in the field. Ac·

cording to H-P. engineering
and science students can
purchase th is calculator for
class work andbe assured
thai it will still be useful in
their profes sional ca reers
aft er graduati on.

The calculator's built -in
software allows users 10
run trial solutions and lest a
range of st rategies. The
calculator dis plays graphs
of functions as well as pa­
rametric, polar. and dif ­
ferential equations. It can
det ermine any variable in
a n equat ion . so lve 30
equal ions simultaneously.
and extract the roots of a
polynomial up to the 30th
order. The calculator can
handle complex numbers,
mat rixes, vec tors, lis ts .
and strings .

The Tl·85 has 32 kilo ­
bytes of RA M . A built -in
I/O port can link the cal­
culator to a PC or another

nBS. Optiona l LlNK-B5
software makes it possible
to edit , store. and print pro­
grams. graphs . and math
notat ions in IBM- compati­
ble compatibles and Mac­
into sh computer s . The
display provides eiqh t hnes
of information with up to 21
characte rs each o r
64 x 128-pixel graph s.

The n BS graphics cal­
culator has a list price of
$ 130.- Texas Instruments,
Consumer Relations. PO.
Bo x 53, Lub boc k . TX
79408·00 53 : Phone: 800­
II · C AR ES ; Fa"
800 -741-2146.

CO NVERTER· MOUNT! NG
KIT. The MS '5 mounting
kit allows Calex 1x 2-inch
and 2 x 2-inc h D C / D C
converte rs to be used in
many differen t non-AC
powered systems. The kit
consists of a 2Y2 x 3-inch

card attached to a 15·pin
connector. which makes it
convenient to rack mount
many DC/ DC converte rs
in any sys tem.

ClRGE 22 ON f REE
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Each connector has two
No.4 screw holes on either
side for mounti ng the
MS-15. The kit will accom­
modate all Calex smqle­
and dual-outpu t converters
rated from 1.8 through 7.5
walts . The MS 15, when

HM8130
A new breakthrough

in price/performance ratio

o Synthesized Function Generator; 10mHz to 10M Hz
o 5 Standard wa veforms; Sweep mode; Ext. Gating
o Arb itrary function with 1024 x 1024 points; Int erval1 00ns
o Optional : GPIB/RS232 interlaces; Externa l Keypad

See us at WESCON/92 Booth 2450

Call toll fre e
800.247.1 241

I-IAMEG®
In st rumen t s

1939 Plaza Real
OCEANSIDE. CA 92056
Phon e (6191630·408 0
Telefax (6191 630-6507
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coupled to those convert ­
ers. is suitable for use in
field -portable. battery-op­
erated systems.

The unit price for the MS
15 mounting kit is S32­
cater Mfg. Co., Inc.. 2401
Sta nwelJ Drive, C oncord.
CA 94520 ;48 41: Phone:
510 · 6 87 -4411 o r
8 00 ·54 2 · 3 35 5 : Fa x :
510·687·3333.

DMM TEMPERATURE HEAD
ACCESSORY. T h e
Fieldpiece " Stick" series
digital multimeter can be
converted to a one-piece
temperature meter with the
addition of the ATH3 dual
temperature head.

The ATH3 with the op­
tional ADL2 test leads can
be used wit h any DMM
having " Fluke-style" jacks.
The acce ssory can field ­
calibrated to anaccuracy of=1°F. The converter ac-

cepts inputs from two K­
type thermocouples to dis­
play them as temperature
on a DMM.

~.;~~
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A DMM wi th resolution
to 0.1 mV displays resolu­
tion to O.l °F. A DMM with
resolution to O.l °F displays
resolution to 1.0oE Input
impedance must be 9 or 10
megohms.

The dual- tempera tu re
head has a green LED to
indicate "on" and a red
LED to indicate low battery.
The unit, which is internally
powered by a standard 9·
volt battery. automatically

shuts off after 45 minutes.
Two bead -type K- th e r·
mocouples are included.

The ATH3 DMM dual­
temperature head is priced
at Sa9.- Fieldpiece lnstru­
ments, Inc. , 8322B Artesia
Blvd .. Buena Park , CA
906 2 1: P h o n e :
7 14 -92 2 - 1239 : Fa x :
714·992·1239.

COMPACT MULTIMETERS .
B + K-Precis ion has ex ­
tended its line of low-cost.
digital mulnmetere. Each of
the four models in the "Tool
Kit" serie s measure cur­
rent to 10 amperes. DC
voltage to an accuracy of
0 .5%. and resistan ce. as
well as test diodes. All of
the DMM's have 3V2-digit
LCD's, audible continui ty
checking, and overload
protection.

The basic M ode l 2 703
measures voltage . rests-
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tance . and DC current.
The other models have ad­
ditional features.
• M odeJ2704A also mea­
sures AC current and ca­
pacitance . and it makes
transistor tests.
• M odel 2706 adds tern­
perature measurement.
• M odeJ2707 has a built­
in frequency counter and
loqic-probe.

The DMM prices are :
M o de l 27 03A-$39 .
2704A--$59, 2706-$79
and 2707-$89.- 8 + K·
Precision, 6470 West Cor­
t1and Street, Chicago . IL
60635 : Phone :
31 2 -8 89- 1448 : Fa x :
312·794·9740. R·E

IVIN AT S39,
THI BLUIS CANLAST
AloNG, loNG TlMI.
Conventional wisdomsays if)Ou'Spend less than forty

boos 00 a JlfOOe. itwoo',belong until the thrill is gone.

But Durapro!:Jes-startat539. live pOOGlI~

forever.and \l,ork with almost anysoxe around. so it

won't surprise usifyouplc; up awholecase,Afterall.

some folks were just born 10 have the blues.

Duraprobe
"'M,'JlIl'>II'"

Brownell / Caroltan-Bates / CMI-Metermaster I Contact East I ENTEST I INOTEK
ITC I Jensen Tool s, Inc. I Joseph Electronics I Marshall Industr ies

• Radar Electric I R.S. Electronics I Zack Electronics
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NEW LIT .
Use The Free Inlormation Card lor fast response.
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ANA LOG DIALOGUE; lram
Analog Devices, Literalure
Center. 70 Shawmut Road,
Canton , MA 02021; Fax:
617-821-4273; lree.

Analog D ialogue is Ana ­
log Device's house organ
fo r the dissemination of in­
formatio n about its prod­
uc ts and relat ed tech­
no logy. The c o mpany
terms it "a forum for the
exchange of circuits . sys­
tem s , and software for real­
world signal processing ."
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This ed ition CVolume 26 ,
Number 100>features high­
light the subject of mixed­
signal chips for driving digi­
tal radio . It discusses a pair
of monolithic I/ O chips that
prov ide cri tical funct ions
for digital mobile-radio
co mmu nicat io ns . The
AD7001 and AD7002 are
described in a tutonel titled
"IF Stages Are Going Dig­
ital for Both Analog and
Digital Siqnals."

The journal also carries
an article on monolithic sig­
me-delta conve rters with
21-bit resolution backed up
by a tutorial on sigma-delta
architectures. Another arti ­
cle covers a SPICEmacro­
model of an analog multi­
plier. Other sect io ns in­
clude a new product over­
view. an advice column on
voltage references. and a

rev iew of new li ter ature
from Analog Devices.

MINIATURE SWITCH CATA­
lOG; from Eaton Corpora­
tion, Ae rospace & Commer­
cial Controls Division. 4201
North 27th Street . Mil ­
waukee , WI 43216; Phone:
414-449·7483; tree.

CIRCLE 2& ON FREE
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This catalog (publication
number NC·169) contains
a technical speci fication ln­
format ion and illustrations
on Eaton's line of miniature
switches for electrical and
electronic applications. To
simplify the search for the
switch that will meet your
requirement. each product
sec tio n include s a br ief
product descript ion and a
selection table.

OES KTO P PUBLISHING
WITH WORD FOR WIN·
OOWS VER SION 2.0; by Tom
lichty. Ventana Press. P.O.
Box 2468, Ch apel Hill, NC
27515 ; Phone :
929 -942 -022 0; Fa x:
919-942-1440; SS21.95.

The softwa re Word for
Windows, version 2.0 is in­
tended for word process­
ing and desktop publishing.
This book elfers advice and
examples to help users
take full advantage of that
so ftwa re . M r. Li c hty 's

book, which assumes that
reade rs have a wo rking
knowledge of Word . ex ­
plains how to create aurae­
tive. well-designed docu ­
ments on a computer.
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It addresses framing and
text placement in desktop­
publis hing . Also cove red
are the fundamental princi­
pies of page design such
as proportion. balance. and
unity. The book tells the
reader how to apply those
principles to setting mar­
gins. white space, rules.
and borders . Other topics
include typography, style
sheets. multiple columns.
and graphics placements .
The final chapter contains
specificat ions for recom­
mended printers and print­
ing methods .

KNOB CATALOG; Irom Rogan
Corporation. 3455 Wood­
head Drive. Northbrook, Il
60062 ; Phone :
800,423-1543; tree.

You'll be amazed at the
variety of sizes, shapes,
colors and styles in which a
simple product like a knob
can be produced. Rogan's
catalog proves that push­
buttons have yet to usurp
the role of rotating controls
in electronics. The right se ­
lection of knob can make or
break the appearance of
your product.
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This catal og illus tra tes
Rogan's broad range of
products. spelling out its
option s in material, size .
style. markings. color. dec­
orative options. mountings
and dimensions. There are.
for example, erg onomic
clamping knobs. dig ital
tums-ccuntmq knobs , in­
strument knobs . and mili·
tary spec knobs .

TECHNHOOL CATALOG 42;
from Technl-Tool , 5 Apollo
Road , P.O . Box 368 .
Plymoulh Meeting , PA
19462 ; Phon e:
215'941-2400; Iree.
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Iechnl-Ioola 1992 cata­
log gives informat ion on
the company's tools. tool
kits . test eq uipment. and
supplies for factory pro­
duction and pro fessional
trouble-shooting as well as
field service on all kinds of
elect rical and elect ron ic
equipment.



1992 CATALOG; l rom MCM
Electronics , 650 Congress
Park Drive . Cenlerville, OH
45 459- 40T 2; Phone ;
1-800-543-4330; Iree.

Me M 's lat es t catalog
contains spec ifications in­
fo rmation on mo re than
17.000 electronics parts
and components. This 212­
page edi tion includes refer­
ence to 1500 more items
than the 199 1edition. Prod­
uct ca tegories incl ude
semiconductors. television
and VC R part s. power sup­
plies and regulators. tele-
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phone components and
accessories . batteries .
speakers . and tools.

YOUR VHF COMPANION; ed­
ited by Steve Ford. WB81MY.
The American Radio Relay
League, 225 Main Street.
Newington, CT 06111; S8.00.
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This book will be wel ­
comed by veteran VHF op­
erators as well as novices
because it contains plenty
of useful informa tion in an
ente rtaining , easy-to- read

format. For example you'll
find out hOw\' to participate
in all the activities on the
VHF bands-FM and re­
pealers. packet radio. CW
and SSB, satellites, and
amateur television.

UNDERSTANDING HAR­
MONICS IN POWER DISTRI­
BUTION SYSTEMS ; l rom
John Fluke MIg. Co., Inc. ,
Service Equ ipment" Group,
P.O. Box 9090, MIS 250-E,
Everett, WA 9B206-9090;
Phon e: 800 ·526 -4731 ;
519.95.

Power tine harmonics
can be a source of un­
wanted interference in fac­
torie s and off ices tha t
depend on the reliability of
l ine -powered elec t roni c
equipm ent fro m PC 's to
co py ing machine s . Har­
manics can cause transfor­
mers and neutral conduc­
tors to overheat and circuit
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breakers to trip for no ep­
parent reason.

This 17-minute educa­
tional video will help you to
understand and solve har­
monics problems. It covers
such subjects as the defini­
tio n and classification of
harm o ni cs , e l ec t r i c a l
loads, equivalent circui ts ,
and the detection of har­
monics, It suggests meth­
ods for solving harmonics
problems in new and exist­
ing buildings. R-E
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Come in for Your FREE
Radio Shack Catalog!
The meet important part of your next
project is tho all -new, 172-page 1993
RadioShack catalog . It 's yo urs for the
asking at our store or dealer near you.
Hurry in today- supplies are limited!

TECHLINE T
• Tools-The new standard in strength and precision!

• Precision -crafted with top-quali ty materials
• Designed for long life and ease of use
• Backed by Radio Shack's l-Year Limited Warranty
New TECHLINE tootsrepresent Radio Shack's uncompro­
mising dedication 10 quality. Each Is precision-crafted of
long-lasting, hard-working materials and employs the lat­
est design innovalions for comfort and ease of use. And,
each is backed by our fuU l -year limited warranty.

Speedy service and !Q!'t prices on thousands ofparts and accessories!
• FREE delivery to Radio Shack on orders $5 and up
• SemIconductors and ICs _ Herd-tc-und batteries
_ CB and scanner crysta ls _ l ong -life vacuum tubes
_ Phono cartridges/sty li _ SAMS l service books
WIly pa~ more tor mail-order? YQ4Jr Radlo Shack SUX:ks 1000 eIecIl'O'lM::
COITIponents, and anort- 15,000 are avai lable'.51 trom OW' speeiaI-order
wll/ehouM . OI'detinl! is eas~l Bring in Ihe e.laC! part nurrn- (or old part),
We'. check aV81la!)i I,fy and orde r by phone, O&ItVefYI,me 10you r ne arby
RadIO Shack lor mest ile ms is a week .

II ) Pleola rad 50-P ack_ O&IigllI
or lweake~ , 50 cerame <:apati­

tors.assorted 110 33 pF values. 50
WIIDC, .272·806 2. 99
(2) Efllclent PC-Mou nt Ple zo
Buue" Ti n~ ~el ha s 70 dB oulput
and requiles onl~ 7 mA at l2VDC.
' 273·074 .....•• , ••••••• 2,99
(3) Omn ldl,ecUonal Eleel re l­
Type Mih Element. 30- 15.000
Hz. 4 10 10 vee. ' 270-092 . 2.99

Tllt-Equlpme nl Adaplers. Grea t
lor use wilh Kopes, Ireque ney
counle~ and mct nmeeers. Hook up
wilh Ihe bes l.
el ) Binding Poala to BNe Plug .
!ill ohms Impedanee,
' 274·715 .••. ...•.. .. .•• , 8.95
(2) Binding POllttOBanana Plug ,
'2104-716 • • • • • • • • Set of 2/4.95
(31 Stleub.. Dual-lnllne Ba­
nana Plul!. '214_717 .•.... 2.99

Resilltor AIIlIOrtmenll , Popula r
valuM-slock up and sav e.

"""... CIt No ... ....
MOlII· fj", YOW 271·300 W ,~

C¥bonV.W 271·3Oe '00 ,~

C¥bon·Hmv.w 211·312 '"' , ~

""".. 271·3OIl '00 3.49

Mini Audio Amp With . Buill-In
Spea ke,. Many usesl Toug" :Pt.. ­
" 'lilt case. low Radio ShaCk price.
' 2n.l006 ., 11.95

11) Magnl! Wlre .... so rlme nl . For
CUSlom coil winding Inel ooes 40
leel er 22·gaugB. 75 teet 01 26·
gauge and :!OO (ee lof JO-ga uge on
spoo ls , j/278·1345 , ..... • • " .99

(2) Dia lCo,d Fl.-I! Kit . OUf ellclu·
livel Inclo.M:les IIi. leel 01 "";I'"
sl.ength cord and three tensoon
springs. Put • radio baek imo
actIOn! 1274·435 ••.. . . .•• • 9'91:

Ita",,,.IhaelCSIN CE '92'

AMERICA'S 7ECIINOLoev S70RE -
A DIVISION OF TANDY CORPORATION

lOG-w,n Soldering Gu n. For big
joOsl Re aches iu. temper alure in
eeeeees. Buih-jn work light. AI­
pllttemenllips, in SUX:k. UllislBd,
' 64· 2193 . .•..••..... . . . 11.95

lnl" red p ' oJect eo•. Ideal lor a
remole . Hn removable inf,ll/ed_
lfansp8ten l end panel and space
lor 'iN battery. 7"" 2'/10" 4 ',Io ~
' 270-294 ". " .49

PC/ XT Clreu it Card , Epo.y. Fits
compuler e.pan,lion bus. 10' /•••
long . 1276·1598 ••• .. . . . . 29.9 5
Righl -....... a_Sub I II F cee-
_ or lor ...-.•21~·I$()oI l .1I

Priees appl~
at participallng
stOtes and dealers .

High -Speed 12VOC MIni-Motor.
Prodvc:", an amazing t5.2OO RPM
at no load . Ideal lor projects, 10­
babcs . lunl About 2" lonl! (with
shalt). '273·255 , .. .. . .. 2.99
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Capacito r C2 couples th e out­
put of the process ing a mplifier
to the rectifier- and pea k-detec­
to rscc tion conststtng of Dt. D5.
H.9 . HIO. and C4. The DC volt­
age that appears across R9 is
a pproxim ately th e same as th e
pea k-to-pea k voltage at the out­
put of the amplifier.

The voltage is applied to a
threshold detector. wh ich is a

so tha t only changes In th e l r i~­

~er l ng s ignal are detected . Th e
values of the coupl tng capaci tor
betwee n s rane s a re tn te n ­
tro n al ly s m a ll so that o n ly
cha nges with h igher-frequency
co mponents (a bove abo u t 5
kHz) pass through the a mpl t­
fler. Whe n using the m icro­
phone. that means that sna ps
and pops will be more likely to
tr igger the u n it tha n other am­
b ient noise. tncludtng speech .

How it works
Th e co mp lete sc hematic for

the Freeze Fram e Is s hown In
Fig. l. Eit her of the sensors
lphotot ra nststor g 2 or elect ret
microp hone MIC I) acts like a
var iab le current sink in se ries
with Rl. As light or scund levels
change a nd more or less cu rren t
s inks into the sensor. a voltage
develops ac ross RI.

Th e process ing amplifier for
the sensors Is built arou nd two
s tages ofa n LM324 quad opera­
tional ampli fier (ICI-a a nd ICI­
b j. The a mp lifier is AC-cou pled

so ~IUCII OF LIFE IS A UI.L:H. Wll~:N

you can slow it down and savo r
It. vou discover the mos t inter­
es ting thtnns .

Take. for example. the pic­
tures showt ng a water-HUed bal­
loon being popped by a dart . You
ml~h t a ntic ipate that the bu rs t
balloon would lea ve a ball of
wa ter hanging In th e ai r for a
fra ction of a second . but would
you have guessed tha t the sur­
Iace of th e water ball wou ld frot t
the way it docs ? What a beauti­
fu l su rp rise.

Ou r Freeze Fram e s t robe trt
gcr lets you usc photographte
techniques that s ubs tl t u te a
s t rob e nash for hi gh sh u t ter
s p eeds. You ca n re produce
Ihes and :vWher stop-ac ti o n
shot lO~c1i for serious scien­
tifi c pu rpose or j us because
they make suc h Int eresti ng-pit....
tures . The Inexpe nsi ve . easily
b u ilt un it has been designed to
use In terchangeable sensors. so
that anything tha pops. sna ps.

ashes or rene Is or blocks
Ughf can IT J e meras
strobe.



Building the Freeze Frame
You ca n build t he Freeze

Frame wit h Just abou t any con­
s truction tech nique you like. A
ctrcu lt board Is always th e neat­
est. qu ickest , and easies t way
though , so we've provided a foil
pattern. You ca n buy a n etched
a n d drtll ed board from t he
source given In the Pa rts List. If
you usc a PC board . mount a nd
solder all of the componen ts fol­
lowtng the parts-placement d i­
agram In Fig. 2, There are th ree

fier s tage in ICI. whi ch Is wired
as a comparator. At the end of
the tim e-out. IC25 ou tpu t goes
low and Is Inverted by ICI < to a
positive transit ion th at turns
on scm. The curren t path to
scn I 's ga te Is pro vided by
LED2, which also Ind icates thai
the triggering s igna l ha s hap­
pened . As a convenience when
se tti ng u p to take photos .
s witc h 5 3 can be clos ed to
grou nd the gale of SCR I a nd
preve n t It from firln,g.

FREEZE FRAME foil pattern.
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couples the tra nsitio n to th e In ­
put of the 555-hased timer sec­
ti on a n d tr ig gers It. The
amount of delay produced by
the timer is set by the m ;lJ\Y CON­
Tf«)L Rl2 and ca pacitor C7. Ca­
pacitor CIO Is switched In by 52
wh en longer delays are needed .

The ou tput of the ll mer Is
cou pled by C5 to the final ampll-

C9 R6
.005 10K

R5

"'"

cw
' 12
250<
DElAY
. 15
10K

• • 02
1K S.6K

Cl Rt
,005 10K

~
Rll

''''''

• 13
eaec

co
ICHI .01

'/1 LM32,f SHQRTA.ONG

..

_ C4
R9 -r- .01

J3Ol(

'='l£O l
TRIGGER

R3
10K

13

12

J1
INPUT

Sch m itt tr igger built around
lei -d. Th e trigger level Is s et to a
cou ple of volts and hys teresi s is
set to abo u t one volt by R16.
RIB. a n d R20. At the ou tpu t o f
the a m plifier. LE D I Indica te s
when a stimulus has exceeded
the threshold,

Wh en th e o u t p ut o f t h e
th reshold detector goes low, C6

FIG. 2- PART5-PLACEMENT DIAGRAM. The th ree wire jumpers can be fo rmed from
excess component lead.

FIG. l - SCHEMATIC FORTHEFREEZEFRAME. The sensors act like avariable current
sink in series with Rt . As light or sound levels change and more or less current sinks
Into the sensor, a voltage develops across R1.
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AG. 6--ANOTHER DART hitting another
water balloon, but lrom directly above.

wh e re t h e v c a n look OUl
through holes In the front pa nel
when th e boa rd is mo u n ted a t a
r igh t angle to the pa nel with "' L"'
b racket s .

FIG. 5-A DART HITTING a water-filled
balloon from an angle_The mlcrophOfle
sensor picked up the sound at the bal­
loon bu rsti ng.

FIG . 4-THE COMPLETED FREEZE
FRAME. This is one at the most attrac­
tive boards you 'll ever see.

SHIElOBRAID

wire Jumpers on the board tha t
can be formed from the excess
leads clipped from ot her compo­
nents .

A fairly light gauge wire such
as AWe 26 is approp riatc for
ma king connections between
the circuit board a nd front -pan­
el con tro ls. With a ny elect ronic
circu it. keep ing th e wiring be­
twee n the circ u it boa rd a n d
front panel as short a nd d irect
as poss ible Is good practi ce, and
with the Freeze Frame It is im­
portan t because the h igh signal
gains In the se nsor-processi ng
a m pli fi e r a t ma x imu m s en ­
s tnvny could cause the pickup
of stray s ignals.

The circuit boa rd is la id out
so th at t he LED's a n d t he
STHOIl E-THI GG E R output Jack J 2
are on a n edge of the board

CENTIRCOtlOUCTOR

RG174N
COAXiAl
CABLE

FIG. 3-MAKE THE SENSOR ASSEMBLIES with heal·shri nk tubing and small diam e­
teecoaxial cable such as RG-174fU. The space betw een the coaxial cable and the outer
heat·shrlnk tUbing Is tilled with a li tt le sil icone rubber.

Al l resi stors are Y4-watl, 5%.
Rt. Al8-1000 ohms
R2- 5600 ohms
R3, A4, R6, R7, Rl0, A15, AlB,

Rl 9-10,OOO ohms
A5-680,OOO ohms
A8-50,OOO ohms, auoto-teper po-

tentiometer with switch (51)
R9--330,OOO ohms
Rll-l00,OOO ohms
R12-250,OOO ohms, unear-taper

potentiometer
A13-680 ohms
Rl4-1 megohm
Al ? R25-2200 ohms
A2o-1.5 megohms
R2l --470 ohms
A22-330 ohms
R23-33.000 ohms
R24-1500 ohms
Capacitors
C1 , C9-0.005 ....F. ceramic disk
C2, C5--0.1 ....F. Mylar
C3-2.2 ....F. 10 IIOI1S, electrolytic
C4, CS. C8--0.01 ....F. ceramic disk
C7---O.05 ....F. ceramic disk
C1O-1 ....F, 10volts. electrolytic
Semiconductors
IC1- LM324 quad op-amp
IC2-555 timer
Ot-D3-1N4148diode
LE0 1-LE03---fecl light-emitting di·

ode
O1-IR phototransistor
5C R1-Tl 060 silicon-controlled

rectifier
Other components
81-9'volt battery
J1-Miniature phone jack
J2- RCAjack
MIC1- Electrel microphone
Pl1 , Pl2- Miniature phone plugs

S1-$P$T switch (part of A8)
52, S3-SP5T slide switches
Miscellaneous: case with top pan­

el, knobs. wire. hardware, battery
snap, heal-shrink tubing, coaxial
cable, circuit board, etc.

Note: The fo llowing items are
availab le from PAIA Elec ­
tronics, Inc., 3200 Teakwood
Lane, Edmond, OK 73013(405)
340-6300:
• Etch ed , d rill ed , and
s llkscreened PC board
(il9208pc}-S12.75
• Complete Freeze Frame kit
including PC board, case. and
all compone nt s (# 9208k)­
539.75

Please add $3.50 shipping and
handling to each order.
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Providing a m iniature phone
jack IJ II wtll a llow In terchange­
able senso rs. Usi ng d ifferen t
style Jac ks for the tr igger Inpu t
and s trobe out pu t prevents the
pos s ib ili ty o f dama gi n g t he
Freeze Frame's ci rcu it ry If a
hi gh voltage on the flash u nit
were s uddenly con nected to the
Input of the a mplifier ctrcuttry
Even If you're goi ng to be using
on ly one sensor. h aving It re­
mote from th e rest of't he ct rcut t­
ry Is a n adva n ta ge be cau se It
makes It mu ch easter to set u p
photos a nd to protec t the tr ig­
ger paris from s plas hes a nd
ot her ab use.

Make the se nsor assemblies
with h eat -shrink tu bi ng a n d
small d ia mete r coax ia l cab le
such as RG·174!U (see Fig. si
Both the ph ototra nsrs tor a nd
m icrophone arc pola ri zed com­
po n en ts , s o m ake s u re thei r
pos it ive Sides (th e collector In
the case of Q2 ) con nects to the
cen ter co nductor of the coaxia l
cable. wh ich . In tum. con nects
to the tlpofthe phone jack. Note
the resistor in se ries with the
ph ototrans ls tor: we mounted It
a t the de tect or end of the coax ia l
cable and made the heat-s h r ink
tub in g long enough to cove r
both It and mos t of th e case of
Q2 . T he space between t h e
coaxial cable a nd the outer h ea t­
s h rink tubing was filled with a
lit tle s ilicone rubber.

An in fra red photodetector Is
recommended because It a llows
a setup under lim ited lIu ores­
cent ligh ting. wh ich Islow In IR.
At the same ti me . many of the
even ts th at will be trlAAer ing
events (such as th ings blowtng
u p. for instance) are htgh in fR.

You will n eed to modify a flash
extension co rd by replaci ng its
nor mal ca mera-end con nect or
wit h an HCA plug. Th ere a rc a
couple of things to be awa re of
h ere. Firs t check th e polarity of
the voltage on the nash co rd:
the posttive side mus t go to th e
anode ofSCRI(the cen ter of the
RCAjack) an d th e nega tive side
to grou nd . Also . the voltage on
those leads va r ies Widely: on
some s tro bes It m igh t be on ly a
cou ple of vo lt s . wh ile o t he rs
m igh t be over 200volls . There is
fa irly low ene rgy here in eit her
case. so we're not tal king about

FIG. 7-AIR·FILLED BALLOON hit by a
pellet. The streak on the right side is the
pellet.

FIG.8-WATER-FILLEDBALLOONhit by
a pellet. The sound sensor was used
with the report 01 the gun providing the
event trigger.

FIG. 9-UGHT BULB hit by a pellet. The
del ay was set al its minimum value lor
this shot.

FIG. 10-THE LIGHT BULB Is almost to­
tally gone in this picture . Don't lorget to
wear goggles when shatt eri ng lig ht
bulb s.

a lethal s itu a tion. But youll def­
initely feel the higher m ilage If
you touch It . Ifyou don't want to
purchase a n ex tens ion cord to
be d e di ca t e d t o t he Free ze
Fra me. you mi ght be able to cu t
you r exts t tn g cord a nd patch
the two ends togethe r with an
In-lin e plug and jack pair. Make
sure the male con nector on the
end of the cord is co n nected to
th e nash. Figure 4 s hows the
completed unit .

Testing
Any tes ti ng p rocedure s hou ld

s ta rt with a close vis ua l Ins pec­
tion of you r work . Ma ke s u re
com pone n t polarities have been
observed, that a ll solde r Joints
look good, an d tha t th ere a re no
solde r b ri dges on the circ u it
boa rd .

Don 't plug In a se nsor yet ­
ou r In it ia l tes ts won 't need on e.
S nap In a fresh 9-v01l batt ery
an d tu rn th e un it on by rot ating
the senstttvtty control clockwise
beyond the de tent : the power In­
d icator ILED3) sh ould light. If
no t. ch ec k for a dead battery.
s h ort circu its . etc .

Set the S~NSITIV ITY (R B) a nd
m ·;I.AY lH 12 ) cont rols to abou t
the m td-potnt of their ro tation .
a nd set the SliOIn'ILONG s witch
(5 2) to "sh ort." With a wire
ju mper or cl ip lead . s hort the tip
a n d ground lu gs of the in pu t
jack J I together. If everything's
working p rope r ly yo u s hou ld
see bo th the T Hl OGl-:H an d FI H E

I..ED's flas h briefly a n d a ppar­
en tly si mu lta neo us ly. If neither
LED flas h es . It co u ld indica te
problems in th e sensor-process ­
Ing amplifier. so check the ci r­
cu itry associa ted with ICI-a and
-b. the pola rity and assembly in­
tegrity a ro u n d d iod es D I a nd
D3 . and the circuitry associa ted
with ICI-d , If only the -nuooen
LED ligh ts. It co u ld In d ica te
problems In the timer circu it ry
associated with IC2 or the fina l

, compara tor lCI-c.
Switch 52 to "long." a nd once

again s hort the Input. Now you
s hould be able to see a discerni­
ble time delay between th e flash
fro m the TR I GG E I~ a n d rme
LEDs . If you do n 't see an ob ­
vious de lay It cou ld mean prob ­
lems wit h th e ti mer or with 52
and ClO.
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You ca n 'look forward to giving
your Imagination a wor kou t as
you figu re out what sensor to
lise. how to usc It . and how to
ligh t th e su bject- not to men­
tion th ink ing u p an in tcrcs ung
picture In the first p lace.

Each s ituation wiII be sllgh tly
different. but to get ) 'OU s ta rted
well cover f irst some basi c prtn­
ctples on the ca mera stde of
thi ngs , a nd the n look In detail
at how the Freeze Frame pro­
duced th e photos shown here.

As we sa id in the open ing. th e
essential idea Is that you 're go­
ing to be expostng the film with
a brief nash of light while the
ca mera shutter Is held open .
rather than the usual way of
lighting the subject and brietly
open ing the sh u tte r. Th e firs t
obvious implication of thi s is
th at the ph otography mus t be
d on e i n t he d ar k -n o t
d a rk room dark necessarily.
where every tiny little crack
must be sea led against ligh t.
bu t dark-a moonless-ntgbt-In­
th e-country kind of da rk .

Sen sor se lecti on Is u sually
pretty obv ious, If th e even t thai
you wa n t to photograph makes
a sou nd (like a popping bal ­
loonl . use the micropho ne. If
the event is vel')' qu ie t. mak e a r-

•

'000
'WATT

D_ CQX-14GE
l IREMlnER
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CAMiRA

~
SHALLOWBOWl

FIG. 12-THIS MILK CROWN is formed
etter the drop nu s.

AG.l3-THIS MILK COLUMNforms later
In th e sequence.

doesn 't mean that they're neces­
sar lly going to be easy. The qu al­
Ity of the p ict u res you get wiII
depend to a large extent on how
ca refu lly you se t up th e shot.

FIG.ll-YOUCAN TRIGGER A MILK DROPby poin l ing an IRemnt er and the sensor In
the same direction toward the space through which the drop will fall through.

Now plug In the microphone
sensor. With t he S ENSIT IVITV

con trol set to abou t mid-range.
a finger snap from with in a foot
of the microphone sho uld ca use
both the -rmcc ee and 1,' IIm LED's
t o light. At maxi mu m se n­
s itivity. a Ilnger snap within sev­
eral yards s ho u ld rrtgger the
unit . and at minimum sen­
s itivity you will have to be with­
i n a In c h o r so f rom the
microphone. If the re a re no ob­
vious d ifferences In th e se n­
s it iv it y of the u n it a s the
S ~:NSITIVITV cont ro l is rota ted
over its range. check the wiring
around potentiometer R8 . If
th ere is no response from the
microphone as a n Inpu t. check
the wiring of the phone plug
and coax ial cable of the micro­
phone. as well as the polarity of
the microphone.

Plug In t he IR se nsor a nd
poin t It at an incandescent
la mp Hluorescent or Krypton
lights m igh t not ha ve su fficien t
Infrared energy to be det ected
by the phctotranststorj. and set
the SE NSrrM TI control to mid­
range . Pass ing you r fin ger in
fron t of the photo t ra ns tst or
shou ld cause the TmGC F.B and
FlHF. LEDs to flash briefly Strtk­
Ing a match or ligh ting a ciga­
rette lighter In front of the
sensor should trigger the u n it .
If there a rc problems h ere .
check th e wiring of the sensor.
In particula r the polarity of the
phototransistor.

Fina lly. mate the RCA plug on
th e end of your mod ified flash
cxtenslon cord with the sraoue
jack and tum the strobe on. Sct
the A R M/SAn; s witch (53) to
"arm" a nd trtgger the Freeze
Frame. The s trobe s hould nash
when the FUU'; LED flashes . If
not. check the s trobe firs t. mak­
ing su re Its batte ry Is good by
firing it with Its own tes t switch.
Th en check th e modifica tions
you 've made to the flash 's exten­
sion cord : make sure th at th e
positive voltage from the strobe
con nects to the tip of the RCA
plug . If there are st ill no resu lts .
check th e 5C H.

Using the Freeze Frame
The Freeze Fra me helps you to

get sho ts that woul d be difficu lt
to obtain otherwise. But that



FIG. 14-TO CATCH A STONE SKIPPING ACROSS WATER, we set up the camera on
shore, and supported the flash and microphone sensor out In Ihe water to get them
close r 10 the ecuon.

not co mpletely s u re wh ere all
the pieces of a subject will be
when th e sho t Is ta ken.

A tripod was used to free up
hand s needed elsewhere. but
the ca mera ca n be handheld
withou t mu ch fear of blurring
because the strobe will s top th e
actio n . A cable or othe r remote
release can be used to open th e
sh utter. but our Mlnolla Maxx­
urn 7000 had a se lf timer that
we used Instead . We found th at
a 2-second exposure wa s long
enough to let us tak e a picture
withou t ru s hi ng, a nd s ho r t
enough to keep the fil m from
being exposed.

As the bar te rv In a strobe
ages, It takes longer for the unit
to cha rge high enough to fire
aga in. That can become an an­
noying delay If th e lIash is Inad­
vertent ly fired duri ng se t u p.
The ARfo,tlSM-I'; switch keeps that
fro m h a ppen in g . Leave t h e
switch In the "safe" pos it ion un­
til you' re ready to s hoo t a pte­
ture, the n switc h It to "arm."

Once we finished se tt ing and
adjusting t he ca mera. s trobe
a nd su bjec t placement. d elay
times. sensit ivity. and other ad­
j us tme n ts, the ge nera l se­
quence for all s hots was the
same:
1) Ann the Freeze Frame and ac­
tivate th e se lf timer

SKFPlllG SlOll(
. '~ .

-~

FIG. 15-THIS STONE was In the midd le
01sk ippi ng when we Ycaught" II.

ano ther nash. A modem vtvttar
636AF was s mar te r tha n we
were. so we wound up us ing an
Inexpen s ive a nd anc ient v tvua r
253 for all of the shots shown
here.

Yo u can use whatever film
you 're used 10 : these sho ts were
done on Kodachrom e 64 with
aperture settings ra ngi ng from
rs to fll. We used a fairly long
len s (35--80mm zooml because
tak ing some of these shots was
a messy proposit ion a nd we
wa nted to keep the camera as
fa r away a s pos s ible , Re ­
member, th e larger the f-stop.
the grea ter th e depth of field .
That is Impor tant when you 're

rangements for th e even t to In­
terrupt a light beam, In the case
of th e milk drop. we found that
milk was su rp ris ingly reflective
of Infrared . and we were able to
exploit thi s . Some event s (lIke
a n exp lod ing rtrecracke r ) pro­
duce a nash and pop giving you
a choice of sou nd or ligh t sen­
sors.

Arter se tting up t he st robe
a nd se nsor. you wlll need to do
so me t ria l eve n ts to get the
pro per sensitivity and delay se t­
ti ngs fo r the Freeze Fra me.
S ince you won 't be shooting any
pictures, you don 't have to do
this part In th e dark. You can
get a pretty good preview of the
photo jus t by watching t he
event when the s trobe flashes.
Persistence of vis ton will hold
the image on you r eye's reti na
for a short time. and you can get
a feel for whet her the de lay Is
r ight or needs to be shorter or
longer. The ra nge of delay is
from 0.5 milli second t":' 12 milli­
seconds wh en S2 Is set to
"short" and 10 milliseconds to
0 .25 second when set to "long."

Proper placement of th e flash
makes a big contribution to the
qu alit y of the ph oto . for exam­
ple . backlighti ng th e s u bj ec t
s ligh tly (placing the st robe so
that it ligh ts the subject from
behlnd l w ill keep any ba ck­
grou nd clu tte r from showing up
on [11m. When ba ckligh ting ,
make su re th e s t robe doesn 't
nas h directly Into the camera
lens or close eno ugh to cause
len s narcs , un les s you wa n t
them. Strategica lly placed "light
barnes" ca n make th ings that
you don't wan t In the photo,
suc h as supports for th e su b­
ject. disappear by keep ing them
In shadow. Sheets of ca rdboard
would be ou r choice material.
but we used books or whatever
else we cou ld lay ou r hands on.

Whe n you 're trying to freeze
motion , you need brief flashes
of ligh t. Strobes that are too
"s ma r t" can p rod uce a na sh
th at Is a maz tng lylong: we figure
several millis econds j u dg ing
from the blurred results of our
firs t shots . Switc h you r l1ash to
Its "du mb" (manual) mode and
min imu m energy settings Ifyou
get blurred results . If you are
not able to do this, switc h to36



2) Darken the sce ne
3) Pra y wh ile wa iting for the
shutter to open
4 ) Do the event
5 ) Watt for the shutter to close
a nd relight the scene
6) Fi~ure ou t what went wrong
a nd do the next one

Ball oons and darts
Figures 5 and 6 were shot

with th e microphone sensor to
pick up th e sound of a water­
filled balloon burs ting . The rm­
crophone was placed close to
the s u bj ec t. j u s t out of the
frame. No prote ction against
splas hes was needed in the case
of the wat er ba lloon because
splas h ing is min imal- mos t of
the wa ter j us t falls and forms a
puddle.

In the case of the water-filled
balloons. t he SENSITIV ITY (RB)
se tt ing was Importan t because
the event dtdn't generate much
mo re noise than the se lf-timer
opening the ca mera s hutter.
(With too much se nsit ivity. the
s trobe triggered when the shut­
ter opcned .) With ai r-filled bal­
loons , th e S f-; NSITIVI lY is not as
criti ca l beca use the ba lloon s
generate a louder sound wh en
th ey pop.

The SH OIIT/LO NG switch (52)
was se t to "sh or t" for those
s hots wit h the m :LAY co n t ro l
(R 12) set for a very short period.
In fact . It was the shortest possi­
ble delay in most of the photos .
The balloons were all s it ting on
a n up-ended spray-ca n lid for
support. Light baffles kep t th e
support from being lit .

Balloons and pellets
Figu res 7 a nd 8 were p ro­

duced by shooting at a balloon
With an air r ifle (the balloon In
Fig. 7 is filled with ai r and the
one In Fig. B ls filled With water).
The sound sensor was used. and
th e report of the gun provided
the eve nt trigger. The SENSI ·

TlVl1Y control was set to mini­
mum . T he r ifle was securely
clamped to a tr ipod abou t 4 feet
from the ta rget an d ca refu lly
ai med duri ng se t-up. Se vera l
sheets of cor rugated ca rdboard
were used as a back-s top for the
pellets. We chose a pump-type
air rttle ra ther than a ca rtridge­
powered one because, by pump-

Ing It th e same number of t imes
for each even t. we found it had a
more cons tant muzzle velocity.

Because air balloons arc not
as messy llS water ones, we used
them for setup. S imply place a
balloon, arm the strobe , s hoot
the balloon. a nd see what hap­
pens . Don 't blink, oryou l l miss
the part of th e even t Illuminated
by the flash. If what you sec by
the ligh t of the flash Is the bal­
loon just s itting the re, increase
the de lay. If you do n 't see any
ba lloon , decrea se the delay. If
you 'r e not sure what you saw,
shoot a picture anyway. (There
Is such a th ing as screndtpt tyl

It's In teresting to notice the

AG . 16--A CAPACrTOR EXPLODING Is
really qu ite a s pectacle II you can really
see what happen s.

difference bet wee n wat er bal­
loons bu rst with a dart and
th ose h it wit h a pellet. Wh ile the
dart simply sli des In, leavin g
th e water In the balloon almost
undis turbed (FIg. 5 ), the energy
fro m the im pact of the pellet
se ts up a shock wave like that
shown In Fig. B. In some of the
photos you ca n see the pe llet as
a s trea k In the righ t-hand side
of the fram e.

Ligh t bulbs and pellets
Shooti ng at ligh t bulbs with a

pellet gun (Figs. 9 a nd 10) Is set
up the same way and wtlh s rm­
Il ar SENSITIV ITY a n d Df-; I.AY

se ttings as shooUng at balloons
with pellets . Safety firs t here:
Don 't forget yo u r protec t ive
sa fety goggles.

Milk drops
This Is the "class ic" s top-ac­

tion photo, with a tip of the hat
to strobe photography's pioneer.
Dr. Harol d Edgerto n. Since the
splash produced by the drop Is
pretty quiet . the ph otot ran­
srstor Is the sensor ofchoice. We
tri ed the m ic ro p ho ne. bu t
cou ldn 't keep the ca mera s hut­
te r from p re-t r iggering t he
strobe. This common pictu re is
usually ta ken by havtn g the
drop fall bet ween a collima ted
ligh t sou rce a nd ph otodetector;
We t r ted that with ou r some­
what les s -t han -Iaborato ry­
grade s tands and supports. It
was di fficult to get the eyedro p­
per we were u s ing a s a d rop
so urce Injus t the rtght posit ion
to b reak the beam. After playing
around for a wh ile . we found
tha t milk is su rpris ingly reflec­
tive of Infrared . By placing an IR
em itter and the sensor facing In
the same directi on poin ting to­
ward the space through wh ich
the drop would fall. we got very
reliable tr iggering (see Fig. Il l.
The SENSITIVIlY con trol was se t
nearly to max imum.

In these pictures we used the
lon g delay range. By adjusting
the D ELAY control. we were able
to ge t shots of both the familiar
milk "crown" (FIg, 12 ) and the
rea ction co lu m n tha t for ms
later In the seque nce (Fig. 13 ).

1b help visualize the dis tri bu­
tion of flow vectors Induced by
the momentum Impart ed to the
resting fluid by the flu id In mo­
tion . we dyed th e medtum-jus t
k iddi ng. We though t It would
look inte resti ng to put some
food coloring In th e drops : nev­
ertheless. it shows that the flu id
th at was In the drop winds up In
the crown of the splas h.

Skipping stones
These were fun .weset up out­

do o rs by the s ide of a s mall
cou nt ry la ke on a moon les s
n igh t , Aconvenlent wallgave us
a d ry place to put the ca mera
and throw rocks from. but the
suppo rt for the flash was put
ou t In the water to get It closer to
the ac tion (see Fig. 14 ). The mt­
cropho ne was used as a sensor
to tr igger from the splas h ofthe
s tone h itti ng the water. After-en-

con tin ued on page 8 7 37



What do you get when you mate a power
amplifier Ie with a precision op-amp?
Answer: a "turbocharged" audio
amplifier.

COMPOSITE
AUDIO
POWER
AMPLIFIERS

CHARLES KITCHIN, SCOTT WURCER, ANO JEFF SMITH
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NOW YO U C AN B UII.D YO UR O WN

h igh-performance aud io ampli­
fiers from Inexpen sive compo­
nents a nd beat the h ig h price of
facto ry-made a mpli fie r mod ­
u les . The composite amplifiers
described here can im prove
stereo systems and ot he r audio
equipment wit h mode rate
power ou tpu t. As you read th is
a rt icle you will probably be able
think of many applications for
thes e ci rcuits.

The five sou ped-up audio am­
plifiers are made by Inserting
monolith ic power amplifiers In
the fee dbac k loops o f opera ­
ti on a l a mp li fiers . Th e " tur­
bocharged" compos ites rctal n
the low distortion and offse t of
the op-amps a nd the h igh -cu r­
rent handling capability of the
power amplifiers.

The amplifiers descr ibed here
a re: two s imple to -wa tt co m-

posttes . a 33-watt bridge com­
pos it e. a 40-watt co mpos ite
with a s ingle-ended su mming
connectfcn . and a 70-watt com­
pos ite with two current-sum­
mlngampllflers in a bridge con­
figuration . The output power
values of all circu its are In root ­
mean-square (nns) watts .

Figure 1 Is the pinou t and
functional d iagram for the Ana­
log Devices AD711JN. the preci­
sion . high-speed op-amp tha t is
a part of aU the composite am­
plifiers described here. The op­
amps Include both b ipola r a nd
fie ld -effect t ransistors fab­
r icated In a process known as
U1FET tcchnology. The pinou t
diagram Is for plas tic and ce­
ramic DIPs .

Figu re 2 is the p inout di ­
agra m for the National S emi­
conductor LM1875. the 20-wal t
power audio a mplifier (power

amp) In all of the composite am­
plifiers In th is ar t icle. It Is pack­
aged In a fla t -p a c k p lastic
TO-220 case.

S ingle- u nit or low-volu me
prices on the op- a m ps a nd
power amplifiers are subject to
wide variations among the va ri­
ous vendors . However. calcula­
tio ns bas ed on co m po ne n ts
fr om n a ti ona lly a dve rtised
so u rces show the cost of th e
composites to be qu ite low. The
componen t costs for each com­
posite amplifier (excep t fo r
po we r s u p ply) were summed
and d ivided by th e ampllfler 's
ra ted output power. a nd the re­
su lts averaged ou t to be less
th an 5 1 pe r watt .

A IO-watt composite
Figure 3 shows the basic com­

pos ite a mpli fier c ircu it with
IC2. a n LM1875. in the feed-
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nant error s ource ; a t higher
freq uencies. d istortion will in­
crea se because of the fin it e
open -loop gain of the a mpli ­
fiers. Even with th is freq uency­
related increase. THO rema ins
extremely lowover the en ti re nu­
di e range.

When fu nctioning tndepen­
de ntly. the THO of the LM IB75
power amplifier vs. power out­
put peaks at about 0 .5 watt. It
prod u ces a bou t 0 .05% T HO
Into an a-oh m load and 0 .1%
THO Into a a-ohm load at th is
power level. That va riation in
THO vs. power level Is charac­
teri stic of th ermal feedback on
the IC ch ip. It Is also one of the
benefits of thermally isolating
an external a mp lifier wit hi n a
feedback loop.

FET-Input op-a mps with low
fir st -s ta ge t ra nscond uctance
(suc h as theAD711JNl ioiera tea
larger voltage swing on thei r in­
puts than b ipola r op-a mps
without producing the cha rac­
teri stic bipolar op-amp overload
di stortion. Wh en open -loo p
gain decrea ses. p roduci ng a
la rger er ror on the su mm ing
juncuon . a FET-Inpu t op-a mp
be ha ves more linea rly than a bi ­
polar op-amp. making It the op­
timum choice as the control am­
plifier In composite circuits .

Step response Is an impor­
ta n t cons ideration In many au­
die- amplifier applica tions. The
compos ite a mplifiers described
here take ad va n tage of the per­
fo rm an c e feat ure s o f t h e
A07 11JN. For example. the
AD711JN has twice the slew rate
of the LM1875: If the AD71lJN

A G. 4--A la-WATT INVERTING COMPOSITE AMPLIFIER.

circu it causes approximately 10
dB less distortion tha n the non­
Inve rt ing configuration of Fig. 3
because the non-Inverting pin
o f ICI, t he A0 7 11JN. Is
grou nded. The A0711JN pro-

duces more distortion whe n It Is
con nected as a follower (FIg. 3)
because of Its large co mmon­
mode Signal.

Both IC:S are operating within
the same loop in Fig. 4. so a
phase-lead network. consisting
of capaci tor Cl and res istors RI
and R2. provides th e necessary
compensation to s ta b lllze the
response of both the AD71lJN
and the LM1875 . This network
can be tailored for specific ap­
plrcattons by providi ng a tra de­
off between bandwidth a nd
phase margin as list ed in Table
1.

The THO va lu es g iven for
these circuits Include both dis­
to r tion a nd noise. At low fre­
quencies . noise Is the predomt-
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FIG. 2- PINQUT DIAGRAM fo r th e
LM1875 ampli fier in 8 TQ.220 case.

back loop of IC I. an AD711JN.
The circuit is a non-Inverting.
hi gh input-impedance. untty­
gai n follower. It delivers 10watts
rrns tnto a n 8 -ohm load at 1
kHz. wit h a total ha rmonic d is­
tortio n of less than 0 .003 %.
Tot a l h armon ic d ist or ti o n
(THO). a figu re of me rit for a n
amplifier. Is the total root-mean­
square (rms) hannonlc voltage
In a s ignal. as a percentage of
the voltage at th e fundamental
freque ncy. THO s hou ld be a s
low as poss ible. The maxtmtm
offset voltage of th is a mp lifier Is
I mill ivolt.

The basi c compos ite circu it
can also be configu red as a low
Input-Impedance Inverti ng am­
plifier as shown In Fig. 4 . Th at



TABLE l -PERFORMANCE Y5. COMPONENT VALUES

Connection Resistor Resistor Capacitor - 3dB Phase
1 1 1 Bandwidth Margi n

(Kilohms) (Ohms) (Picofarads) (Degrees)

Non·inverting 4 200 30 1.nMHz 35
Non-inverting 4 100 68 1.58MHz 70
Non-inverting 4 65 100 1.34MHz 85 '
Inverting 4 400 30 1.8MHz 25
Inverting 4 200 68 1.6MHz 25
Inverting 4 80 100 890kHz 90'

' Besttranstent response and highest stability at expense 01 bandwidth

kHz. Amplifier C is a DC servo
a mplifier.

Amplifier D Inver ts the Inpu t
s ignal 1800 so that the outpu t of
a mpltfte r I3 is lion -in ver ting
with respect to t ile circu its In ­
put. Th e low input- impedance
of a hi gh-gain Inver ting co m­
posite amplifier makes It d im­
cu lt to drive. 10 overcome th is .
two non-inverting com pos ite
amplifiers have been con figu red
as a bridge amp lifier, a nd one of
them Is driven wit h a s ingle op­
amp Inver ter;

PARTS LIST
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were slower. th e LM 1875 could
overs hoo t significantly before it
ts corrected by the AD711JN. On
the other hand. If th e AD711JN
were much fas te r than the
LM1875 . the driver would slew
to the su pply rail before the
buffer cou ld respond.

Higher power composites
The composite circu it con­

cep t can be expanded by con­
necting two or mote of the m
toget he r: High-power amplifiers
normally include discret e tran­
s istors with h igh breakdown
voltages {typica lly over 100
volts} a nd high cu rre nt-ha n­
dling ab ility.S maIlICpower am­
plifie rs have brea kdown volt­
ages tn the 30- to 50-volt ra nge.
Maximum power delivered to
the load is dtrecuy related to the
supply voltage .

A bridge co nfiguration a p­
plies power to the load differen­
tially. Th erefore, It can provide
twice as much driving voltage to
th e load as a parallel or curre nt­
summing configuration . This
pe rmits higher power output
from a given supply voltage (as ­
suming that the tnc reased cur­
rent de ma nd ca n be met). Also.
the s lew rate delivered to the
load is greater th an the s lew rate
of eithe r of the two IC driving
ampli fiers .

3 3-watt composite bridge
The circuit shown In Fig. 5

combines two non-Inverting
composite amp lifiers . A and B.
In a bridge or d ifferential output
connec tion. It operates wit h an
overa llgai n of30 and It provides
33 walts nns to an a -ohm load
with less than 0 .002%THO at I

A gs. 3 and 4-1G-watt
composite amplifiers

All capa citors are 5%, 50 vo lts,
sil vered-mi ca except as stated
below.
C3. C4-0.0l Jl-F. 50 volts, ceramic
CS, C7-l0 IJ.F,35 volts, aluminum
electrolytic
CB. CS-O.l IlF,50 volts. ceramic
C2. C9-l J1F. 35 volts aluminum
electrolytic

Ag. 5-3J.watt composi te
All resi stors are Y. -watt , 5%, met­
al-f ilm except as stated below.
Al, Rl 5-1,SOO ohms, 5-watt, 20%,
wirewound
All capac ito rs are 50 volts, 5%,
slivered-mica except as st ated
be low
C2, C3. C1 0, en ,C14 to C17-Q.01
jJ.F.50 vo"s, ceramic
C5, cr. C20. C22-100 f.lF, 35
volts, aluminum electrolytic
CB, C8, C2l , C23-0.1 IlF, 50volls,
ceramic
C25-C32-1 IJ.F. 35 volls . alumi·
num electrolytic
C9, Cl3--0.47 IJ.F. 20 %, 50 volts,
polypropylene
C12, C2~.27 IJ.F, 20 'Yo, 5O-voh
mylar

Fig . 7-4G-watt composite
All resi stors are ¥.-watt, 5 %, met­
al-film except as staled below
RG, A8-1000 ohms, Y.-walt, 1 %,
metal film
Al, R1~2000 ohms, w-watt. 1%,
metal film
Al l , R17- l ohm , s-watt. 20%,
wirewound
R12. Rl&-O.33 ohm, s-wan. 5%,
wirewound
AU capac itors are 50 vo lts, 5%,
sil vered-mica except as stated
below

C2, C3,cr.ce.CI S, Cl6--0.01IJ.F,
50 volts, ceramic
Cl 0, C12. Ct8, C2~100 JiF, 35
volts , aluminum electrolytic
en. C13. C19, C2l -0.l IJ,F, 50
wits. ceramic
C23-C28-l IJ.F, 35 volts. aiu mt­
num electrolytic
C4, C5--0.47 IJ.F. 50 volts, 20%.
polypropylene

A g. 8-70 watt-composite
All resistors are 1/.l-wan, 5%. metal­
film except as slated below
R4, RS,R23, R27-1000 ohms, Y.­
walt, 1%, metal film
R5, R9, R24, R28-2000 ohms, Y.­
watt, 1%, metal fil m
R12, R1B, R31, R35-1-ohm, 5­
watt, 20%, wlrewound
R13, R17, R32, R3&-O.33 ohm, 4­
watt, 5% wirewound
All capac itors are 50 voits, 5%,
slivered-mica except as stated
belo w
C3, C4, C7, ca. C14. Ct5, C22,
C23, C26 , C27, cso. C3l , C37,
C38,-o.Ol IJ.F. 50 volts. ceramic
C10. C12, C18, C20. C33, C3 5,
C40. C42-l00 IJ.F. 35 volts. alumi­
num electrolytic
Cl 1, C13, C18. C20, C34, C36.C4l ,
C43-0.l j.lF. 50 volts ceramic
C46-C57-1 l-lF, 35 valls, aluml­
num electrolytic
C2.C5. C25, and C28--0.47l-lF. 50
volts, 20%. fXllypropylene
All semiconductors are Analog
Devices AD711JN and Nationa l
Semi conductor LM1875
Note: AD711JN's are available In
single quantities fro m Ac tive
Electronics, Woburn, MA 01 801,
and LM1875's are available from
seve ral Electronics Now adver­
tis ers .
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FIG. 5-A 33-WATT BRIDGE COMPOSITE AMPL.IFIER.

Figure 6 shows the au thors'
prototype for th e 33-watt bridge
am plifie r. The four AD71lJN 's
are shown mounted in the mid­
die of the circ u it board (white
patches ). and the two LM1875 's
a re s ho wn mounted o n the
heatsink (black su r face).

The DC servo amplifier
The compou n d co m posite

amplifiersof Ftgu res 5 , 7. and B.
all Include DC servo amplifiers
tha t share a common fu nc tio n
although so me of their In ternal
componen ts vary The DC servo
In Fig. 5 (Amplifier C) will sense
any net dIfference in DC voltage
appearing across the load- and
t h erefo re any D C c u rre n t
throug h the load. The a mplifier
will servo any ne t d ifferen ce in

DC ou tpu t voltage through am­
p li fi er B , t h u s m inim iz in g
wa sted power, The output of
each composite passes th rough
a low-pass filter that remo ves AC
signals from the servo loop.

If the ou tp ut of amplifi e r A
were m ore pos iti ve than the ou t­
pu t ofa mplifier B, the output of
servo amplifier C would become
Jess pos itive, Its ou tpu t would
then d r ive a m plifier B. wh ich
Inverts the polarity agai n . This
Inve rs ion ma kes a m plifi er B's
o u t p ut In c r ea si ng ly m ore
pos itive until the two DC output
volta ges are equal.

Th e s ingle servo amplifier In
the Fig, 5 circuit forces the DC
offsets of the ot her a m plifie rs
Into equality, but does not rc­
move the m. Any DC voltage ap-

plied to the circu it s Inpu t will
s t ili appear at both LMI875 ou t­
pu ts . a mpli fied by the circu it
ga in . The refore. the maximum
volt age swing or " head room "
available will be reduced . an d If
appreciable. maximum ou tput
power will be reduced , If DC
voltage Is present on the Input
so u rce , capac tuve Input cou p­
ling Is necessa ry.

A 40-watt composile amplifier
Thecirc u lt In Fig. 7 combines

the ou tpu ts of two non-Invert­
Ing composite amplifiers . Ou t­
pu t cu rren t Is su m med with
res istors, and the outp ut Is ref­
erenced to grou nd . Th e ou tput
from th e first compos ite. ampli­
fier B, Is coupled to the non-In­
verttna in pu t of a mplifier A. No 41



grou nd. It con nects to th e Inver­
t1n~ inpu t of am plUier B. and
nulls a ny DC offset at that co m ­
pos ttes ou tput.

The ci rcu it of Fig. 7 delivers
s ligh tly more pow er than the
bridge circu it of Fig. 5 , but th e
b ridge circu it has a faster slew
rate. T he ci rcuit of Fig . 7 also
h as It s out put refe renced to
ground. It delivers 40 wa tts rms
with less th an 0 .0029% THO at
1kHz In to an B-oh m load .

A 70-watt composite amplifier
Th e circuit of Fig. B delive rs

70 watts rms Int o an B-ohm load
at I kHz with onlv 0 .003% THO.
It comb ines two "of the current­
s u m m ing a mplifiers of Fig. 7 In
a bridge. Th e cu rren t-s u mm ing
a mp lifie rs give the neces sary
h igh output-current h a n dlin g
ca pabtl ny A differential ou tpu t
Is ob ta ined by con n ecti ng the
two pairs of cu r ren t-s u mm ing
amplifiers In the b ridge con fig­
u ration th a t a llows th e com­
posite to drtve z 34 volts In to a
8-oh m load.

1Wo DC servos keep th e DC
outpu t voltage a t bot h ou tpu t
pin s at zero . As with the othe r
circu its described here. any off­
set would cause the amplifier to
lose "h eadroo m" or clip unsym­
metri cally.

Figure 9 shows the au th ors'
p rototype 7Q-watt com posite
a mplifie r. Fo u r A07 11's a re
shown as white blocks on the
circu it b oa rd (lower left ), a n d
th ree more are shown on the cir­
cu it board at lower r ight. The
four LM18 75's are s hown In a
h orizon tal row on the h ea t s in k
(gray area l above the c irc u it
boards.

Figure 10 Is a graph showing
THO Itnclud tng n otsejvs . power
ou tpu t plotted from the au thors'
breadboard vers ions of the cir­
cu its described In this a rticle .
For com par ison purposes the
plot ofTHD vs. power output for
the LMI875 as a s tan d-a lon e de­
vice h as been ta ken from the
National S emic onductor dat a.

Building the amplifiers
These circ u its ca n be b u ilt

with du al or quad versions of
the AD711 If you wan t to save
board space. The A0711JN met
all of the op-amp requirements.

""~
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Is a DC servo that diffe rs from
Its co u n terpar t In Fig. 5 b e­
cause its In put Is referenced to
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FIG. 7-A 4D-WATT COMPOSITE AMPLIFIER that Includes a slnglo-ended summing
co nnectIon.

phase Inversion Is need ed be­
cause th e two ou tp u ts a re s im­
ply added toge th er. Amplifier C

FIG.6-THE AUTHORS' PROTOTYPEFOR THE 33-WATT compo site ampli fier. The two
l M187S's are on the black heat sink at top, and the four AD711's are the white patches In
a sq uare patte rn on the ci rcuit boa rd.
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AG. 9-THE AUTHORS' PROTOTYPE FOA A 7G-WATT composite amplifier. The lour
LM187S's are In a row on the heal sink at the lop. and the seven AD711s are the white
patches on the two circu it boards .

cou ld Interact. caus ing circu it
Ins tabili ty. T herefore . proper
g rou n di ng a nd co m po nen t
layou t are important. Bu ild all
circu its on a ground plane. In­
adequa te circui t groundi ng a nd
layou t can increase THD by an
orde r of magnitude.

Keep all componen t leads as
short as possible. a nd connect
signa l grou nds to t he grou nd
plane. The plane and the power
grounds are lied to the common
con nection of the power su p­
ply's filter capacitors.

Power s u p p ly bypa ssing Is
Importan t in th ese circu its. lo­
cate the by-pass ca pacitors as
dose a s poss ibl e to the IC's
when build in g the c ir cuits .
Separate all h l~h -curren t ca r ry­
Ing wires or other conductors
from low-cur ren t or h ig h-im­
pedance co nducto rs . Keep In ­
put a nd output leads as fa r
apart as board space will allow.

The power supplies
The circuits must operate at

the specified voltages to reach
t he power levels s ta ted here.
Those a re typically -e 25-volt s
DC for the LM I875 power am­
pli fiers a nd ~ 15-volt s DC for
the AD7 1IJ N"s . The h ig h es t
power out put is rea ched whe n
the LM1875's are powered from
~ 3 0-volt -DC (their maxtmun
safe rating). and the AD71IJN 's
are powered by ~ 15 volt-DC.

Mount all LM1875 's on hea t­
s in ks. bu t use an overs ize heal ­
s i n k when o pe ra ti ng a n y
LMI875 a t ~ 30 volts . Its max­
Imum limit . Th e LMI875 d iss i­
pates 2 wa tt s wit h a n idle
cu r ren t of 70 milliamperes at ~
15 volt s . However. d issipation
rises to 6 watts with an Idle cu r­
rent of 100 m illiam peres a t
:!: 3O-volts.

Th e LM18 75's limit the power
s u p ply volt age exc u rs io n of
minus abou t 2.5 volts on top
and bo ttom. For a :!: 18-volt su p­
ply the limit Is abou t 15 watts
I ms Into a n 8-ohm load. and for
a :!: I5-volt su pply It Is abo u t 10
watts rm s. Estimate you r volt­
age requirements to ob ta in th e
power need ed for a ny specific
applica tion . Remember that low
su p ply volt ages me an cooler
running circu its and h igh er cir­
cuit reliabil ity. R·E

100

t tm u m c irc u it pe rfo rmance.
The com posites h ave a m pli­

fie rs with in their feedback
loops , so th e d tffert ng frequcncy
res pons e poles of each amplifier

I I
fRE O. lkHz

l~ l"'1815
I1HOomYl

II
<,-."-

<;

"
<,

r----... r-,
"- Atl71111M1875COMPOStlE

I

F::::: i-.
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" t-,
3J-W BRIDGE

4 o-W S:~~"-t!o-~ 8RWGt-

I0.00
0.1

u

but a d dit io na l com po n e n ts
might be needed for ci rcu it s ta ­
bility If ot her op-a mps are s ub­
s titu ted .The Parts Ltst spectfles
the componen ts selected for op-

1.0 10

POWER OUTPUT·tWATTS AM$1

FIG. l o-TOTAl HARMONIC DISTORTION va. POWER OUTPUT l or tne composite
amplifiers dlscr lbed in th e text and 8 stand-alone LM1875.
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If the above sce na rio Is more
real than you'd like to admit, we
have a design for a simple a nd
c heap li ttle automatic h old
module. It 's so cheap (about
82.001 that you can make one
for each of you r ph ones .

How it works
As you ca n sec from th e sche­

mati c In Fig. I. th e hold module
con nects across the pho ne line.
When all phones arc on-hook.
there ts abou t 36 to 48 volts DC
ac ross the module. Wh en S I is
p res s ed . the SCR fires a n d
places LED I and RI across the
phone line, whi ch ca uses the
voltage to d rop to about 20 volts .
Enough cu rren t flows to keep
the SCR conduc ting wh en 5 1 Is
relea sed . Its also enough cu r­
rent to keep th e con nection in
the phone compa ny's cen tral of­
fice, so the phone is on hold.
When any ph one is p icked u p.
the load of that ph one causes
the line voltage to drop to abou t
6 volts. At th at point there is not
enough cu r ren t th rough th e
SC R to keep It conduc ting. so It
tu rns off. When t he phone Is
placed back on hook the line is
released. Ind ica tor LE Dl glows
when th e hold is engaged . The
ga te of 5C RI is kep t from float­
ing and tu rning on when 51 is
open by R3. and R2 limits the
turn-on cu r re nt t h ro ugh t he
SCR"s gat e.

The SCR (a 2NS064 or eq uiv­
alent) has a 200-volt forward
a nd reverse blocking voltage .
The maximum ring voltage on
the ph one line Is 140 volts . The
2NS064s min imum hold cu r­
rent Is 5.0 rnA at 25 degrees C.

Assembly
We have included a PC-board

foil pattern for the hold module
altho ugh It Is si mple enough to
build o n p er fo r a t e d co n ­
s truction board with poin t-to­
poin t wiri ng. Figu re 2 is th e
parts -p lacemen t d ia gram for
the board . Select a small case
for th e proj ect. or mount It in ­
s ide you r telephone. The pro­
to type was In s t all ed In a
telephone ou tle t box with a
built -in mod ul a r Jack. a nd a
modular plug was added. That
allows the hold module to be in -

contin ued on p age 74

PARTS LIST

Rl -2200 ohms Y.-watt, 5%
R2- 1000 ohms.w-wart. 5%
R3-47 ohms, V. -walt, 5%
l ED1- fight-emilti ng diode, any

color
5CRl-2N5064, TIC47, MCR104

or equivalent eutcon-ccntrcnec
rectifier

5 1- Normally-open pushbutton
switch

PC board or perfora ted con­
struction board. enclosure, wire,
solder, etc.

,( f 0-0 """" )..
~ LI'

I.. 1 ~1. INCHU . 1
FULL-SIZE hold-bunon toll panern.

AG . 2-PART5-PLACEMENT DIAGRAM.
You can make a PC board f rom the foil
pattern we've proVided and mount the
part s as shown here. or use perforated
cons tructio n board with point-to-point
wir ing.

S1 ~
AI

2.'"
PUSHHOlD

"0R2 RIIlG

"
LEOl (REDl

TIP
R3 SCRl IGRW ll

470 2H5084,

Add a convenient hold
feature to any phone!"""-::...

BILL GREEN

WE ALL KNOW TlIE STORY, WE "RE ON

the phone tn one room and need
to be In ano the r. So we lay down
th e firs t phone. go to the othe r
phone and pick it u p. go back to
the first room and hang up that
phone. and then go back to the
s eco n d phon e- the o ne we
needed to be on In the firs t
place . Or maybe we do n 't go
back a nd h ang up t he fi rs t
ph one. so that when we finish
ou r conversation we forget tha t
Its off-hook- and then wonder
why we dtdn 't get the Impor tan t
long-d is ta nce call that we were
expecting.

FIG. l -HOLD-MODULE SCHEMATIC.
When 51 Is pressed. the SeR fires and
places LEDl and R1 acros s the phone
line. The line voltage drops to about 20
von s. which holds the connect ion to th e
phone company's centra l office.

TELEPHONE
HOLD BUTTON
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UNIVERSAL
REMOTE
CONTROL

H26·5432, lpa rl No. KI'-IG), Any
fu nctionally equ ivalent key pad
ca n also be used . Each key co n­
tact s u rface Inside the keypad is
an nucrsecuon of a parllcu lar
row a nd column. As you can see
from FI~. Lthc o kcyts a n Inter­
sec u c n of row l a nd colu mn I.
a nd the y kev is an inte rs ec tion
o f ro w -I a n d column 3 . 11.1­
th ouuh the layout of the keys in
Fi~ , I doesn 't match the ac tual

47

layou t of the keys on the key­
pad . Fi~. 1 Is electr ically co r rec t.
Also. whll th e 5 x 5 grid a llows
up to 25 kc ·S. the actu al keypad
h as on ly 16 keys.

Hows I throug h 5 a rc nor­
m ally hcld a t a TIL h igh level. Th
de tenn lne wh ich key h as been
press ed , IC I s uccess ive ly ap­
plies TIL logic lows to each row
from I to 5 . and then reads the
outpu t of the colu m ns. When a
key is p ressed, its row a nd col­
umn are s horted toget he r, a nd
the low applied to the ro w Is
t r a ns fe r re d to t h e co lu m n
(wh ich Is n orm ally held h igh l.
As a n example. if row I Is bein g
scan ned an d th e a key is de ­
pressed , a low will be read by le i
a t colu mn I. That low will be
decod ed as a "0." A succession
of "O" charac ters wIll be sen t as
long as you hold the 0 key de­
pressed . Table 1 s hows how th e
pins on the back of the kcypad
con nect to the p in s on the m i­
c ro p roces sor a n d the c orre­
s po n d i ng mi crop ro ce s sor
po rt s ,

Infrared transmitter
The enemi es of the in frared

s ign als that emanate from the
t rans m itter a re tn candescent
ligh t. fluores cen t light. a n d
s u n n g tn. Large a m o u n t s of

on ICI, a n INSB048L m ic ro­
pro cessor t h at a t ta tns high ­
speed operauon with very low
powcr consump uon. Tha t mi cro­
processor Is responsible for drtvc
I I1 ~ a n d readtng t he 16 -ker
keyp ad and ge nerating the 40 ­
kHz modulated In frared d rtves lA­
nal. Lets take an In-depth look a t
how those two tas ks a re accom­
pltshed .

A schematic depic tion of th e
IG-key keypad is shown In Fig. 1..

If you're
inte res ted

In the
"down

and
d irt y"

pro­
gram

d e­
tails . a

fu lly
d ocu­

men tcd
ma­

chine
lan~ua~e

Iis tln.g
IIRXMIT.

ASMI is a\'i1I1­
ab le as part of a

self-unarcluv-
In~ ZIP file called

(RSYSTEM, EXE on the
HE-BBS 1516-293-2283.

1200 /240 0 . 8Nn The keypad
used In this project was from All
Elec tron ics Corp. . PO Box 567,
Van Nul' S , CA 9 1-1 0 8 (B OO)

FRED EADY

Add the luxury of a
remote control to
nearly any project
you can think ot

IR t ra n s mi tte r
theory

T he IH
t ran smtt -
t e r Is
based

AL MOST EVEll Y I'IEn~ OF ~IO])EHN

aud to /vtdeo equipment comes
equipped wll h an In frared rc ­
mote co n trol. Bu t h ow ma nv of
you r home-built electronic proj­
ecrs have a remo te co n trol?
Probabl.... none. beca use vou
can "I readtlv OOI1\'l'f l a televtston
or VCR remote 10 you r 0 \\" 11 ap­
plication. and rem ote con trols
that you ca n easrly Interface 10
your own projects a rt' not com­
merctallv avatlable.

To LI S. " No t comrne rcta lt....
ava ilable" means "Len. bu tld
ou r ow n!" Th Is ar t icle descr ibes
a mult ifunction Infrared 1II-l) re­
rnote con trol system-e-n trans ­
mltlcr and receiver- tha t ....ou
can build In one cventng. The
sys tem is d esigned to con t rol
fou r d ifferen t types of dcvt ces :
switches. s erve motors . a s tep­
per-m o to r robo t (sec Ra d io ­
Electronics , April 19911. a nd a
dual d l~lta l potentiomet er IC.
Onlv one k ind of de vice ca n be
cont rolled a t a lime, but enough
tech n ica l In for ma tion Is in ­
elu ded In th is a rt Id e for VOl!

10 adap t the remote-cont rol
system to almost a ny ap­
plica tion.



TOMICROPROCESSOR PINS

Key Row Col Bina'n;

0 ROWI coo 0000111 1
UP C ROWl COl2 1010010 1
o w e ROW' cots 10110 tOO
1 ROW2 cou 00011 110

• ROW2 coiz 0 1001011
7 ROW2 e OL3 01 11 1000
2 ROW3 cou 001 01101
5 ROW3 coiz 0 10 11010
8 R0W3 e OL3 1000011 1
3 ROW4 cou 0011 1100
6 ROW' coia 0 1101001
9 ROW4 COl3 100101 10
UP V ROWS cora 110000 11
DW V ROWS eOL3 11010010
ADD ROWS COl4 11100001
DEL ROWS eOLS 11110000

TABLE 2
KEYPAD CHARACTERS

Infrare d receiver
The re ce iver. whose sc he­

mati c Is s how n In F ig. 4, Is
based on the Sharp GPlU52X IR
module. and th e INSB04BL m i­
croprocessor. Thc IH recetver dc ­
tect s and decodes th e IR s tgnal
fro m t h e t ransm it ter. Once
again. if you wan t the raw de­
tail s . consult the mach ine code
nsungs IRSWITCH.AS l\.1 . IR­
SERVO.ASM. IRRECROB.ASM
and IRPOT.ASM. which are part
of t he Z IP fil e c a ll e d IH ­
SYSTE M.EXE on the RE-130S .

The GP IU52X IH Rece tver/Oe­
modula tor Is a h ybr id ICll n ­
Ira red detect or. A PIN tpos tu ve­
Int rin s ic-negative) photodiode
feeds an a mplifier and limiter
that provtdes a strong. clean
signal which is filtered to re­
move all frequen cies ou tside th e
4 0-kHz passband. The resu l­
tan t signal Is d em odu la ted to
provide a waveform minus the

pulse of lR light and a logical NO"
Is a 0.5-mlllisecond pulse . Each
bit is separa ted by at leas t 0.5
millisecond to allow the IH de­
tee ter to synch ron ize. figure 3
depi ct s h ow a t ru u s mtt t ed
character " 9" would look on an
oscilloscope. The tra nsmitted
" Is" and ··OS" are comvt ned In
grou ps of eight to form 16 dis­
tinct characters as s hown In Ta­
ble 2 . Th avoid sequence erro rs
an d to a llow the rece tver to syn­
ch ro n ize between t ra n s m is ­
s io ns . a 50 -m ill iseco n d Idl e
per iod Is placed between tra ns­
mission of each character.

carrier origin ates a t pin II of
IC 1 (ADPlU-: S S LATCII ENAllI. r. . or
AI.I~ ) whi ch provides a sq ua re
wave tha t Is exactly o ne fi f­
teen th o f IC I 's os c illa to r fr e­
quency. In ou r sys tem. that Is 6
MHz div ided by 15 . or 400 kHz.
The 4oo-kHz signal is a pplied to
the e L K Input of IC3 . a 401 7
CMOS decade coun ter wh ich Is
con figu red to di vide by 10 to ob ­
tai n the desi red 40-k ll z ca r rier.

Th e resulta nt 40-k l lz s ignal
at pin 12 of IC3 Is ga ted by th e
output po rt 1'15 (pin 321 of the
microprocessor and fed to pin 3
of Invert er/d rt ver IC4 . a 4049
CMOS In vcr tl ng buffer. That
buffe r se rves tw o p u rposes :
First. It In verts Ihe Idle sta te of
IC3 so t h at MOSFET Q I Is
turned off wh en no cha racters
are being transmitted. Second .
It provid es sufficient drive to the
ga te of QI so that maximum In­
fra red energy Is emitt ed by the
In frared LEO·s.

As sta ted before. th e 40 kHz
ca r r ier signal a t pin 2 o f IC4
d rives Ql s ga te which turns QI
on and lIlum ln atcs two IR LEOs
ILEDl and LE02) producing a
40 -kHz modulated IR s ignal. A
log ical " I" Is a I-mil lisecon d

TO
f-'-'Hr-1-"-+-+-+"-l-+-- -l-- - + - h""'''''-<>J6 MICRO­

PROCESSOR
PINS

r----- --------- - 1
: I ROWl ~
I , Jl ·1, ,
1rJ-, r+,_rr+, ! ROW2 35

I ttt-t±t l±i ,J I-3, ,
I I I
I I
I I ROWJ
I
I IJ1-5
, I
, I
I I

: I ROW4 37
I IJH
I I
I I
I I
I I ROWS
l IJl -9 38

L,,"c~~-J'~1::- ,, ~~~nl,-n~'l=J
... 27 28 ~ 30 31, ADOJUMPER

Keypad Microprocessor
(see FiC!. 1) Pin Port

Jl ·1 34 P'7
J l ·2 27 P'O
Jl ·3 35 P2.
Jl·4 28 PI1
J1· 5 36 P2S
J l·6 29 PI 2
J l ·8 37 P26
J2·1 30 PI3
J2·2 3' P"

Also jumper Jl·6 to J2·3
on back. of kevoad

TABLE 1
KEYPAD CONNECTIONS

FIG. l - KE VPAD SCHEMATIC. Each key contact surface is an Intersection of a par­
l icular row and co lumn. The physical layou t 01the keypad doe s not match the elec­
Irlcallayout.

modulated . noisy Infra red ener­
gy are produced by those lIght
sources . Mo s t o f the inter­
ference Is modulated In the 50-

~ or 60-Hz range . A s imple red
... . pla stic filter w ill sc reen ou t
.8 so me of the noise. but to over-1 co me t he ex tra neous infrared
e In terferen ce . the transmitted
~ in frared signal mus t be modu-
z lated at a high ca rrier frequcncy.
~ In ou r system. the ca r rie r Ire-
-6 quency Is 40 kHz- whi ch Is re-

W

i quired by thc GP lU52X recetver
module used .

The IR transmitt er schem atic
48 Is sho wn tn Fig. 2 . The 40 ·kH z
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40

CI

OJ
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C~ .£8J
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~ 7

01
lN 4001

'- +6 VOLTS DC

*
~

C5

~~'C6 +5V

f-ll'
C7

~.,

r
27pf 2 XTAll

XT,\;$
6MH: I '

I C2 XTAl 2

-=" 27pF

FIG.2-lRTRAN$MITIER SCHEMATIC. The 4o-kHz carri er is derived by dividIng re t's
oscillator frequency (6 MHz) by 15, to get 400 kHz. which is divided by 10 by IC3.

FIG. 3-A TRANSMITIED CHARACTER '"9" would look like Ihls if seen on an os­
cilloscope. The t ransmitt ed "t's'' and -c'e" are put together in group s of eight 10 term
16 dIstInct characters as shown in Table 2.

In IC2 (an 87C64 EPROM) takes
over. T he Id le s tate o f the
GPIU52X Is normally h igh . As
soon as the out pu t pin of th e IR
detec tor t ra nsit ions low, l e I 53

s tar ts an in ternal timer to mea­
su re the incomi ng pulse widt h .
Dep ending upon wh eth er the
pulse wid th is 0 .5 or 1 mill ise­
cond . a binary 0 or I. res pec­
ti vely. is s tored in a ho ld ing
regi ster. Once 8 bits a re re­
ce ived. ICI a tte mpts to ma tch
the 8-bit word with a term In its
in te rn al tab le to de te r m in e
wh ich chara cter has been re­
cc t ve d . Ho w the r c c c t ve d
character is used de pends upon
wh ich one of the fou r fu nctions
is selected .

Transis tors. b uffers . & relays
See Fig. 5 for program-selec­

tion information. IRSWITCH.
ASM. the firs t of fou r programs
cont a ined in th e EPROM, Is se­
lec ted by ju m pe r ing bot h ad ­
d ress jumpers (Al l a nd A I2 ).

Bas ica lly. keys 1--8 on the key­
pad selec t ports 1' 10-1'1 7 (p ins
27-34 ) of ICI respectively. The
TTL logic levels a t 1' 10-1' 17 can
tu rn on a switching tra nsis tor,

01--"~--1

tlEXTCHARACTEA--......

o

O.5ms----'

TTl lOW- - - - ,: =.J
0.5ms

1------1 ' 0 0
TTl HIGH'---- -i

ca rrier.
The de mod u lated s ig na l Is

presen ted to IC] via the even t
cou n ter inpu t (1'1, pin 39). At
thi s lim e th e progra m res iding



FIG . 5-PROGRAM-SELECTIO N INFORMATION. Fo ur dlff erenl program s
(IRSWITCH.ASM, IRSERVO.ASM, IRRECROB.ASM, and IRPOT.ASM) are stored in the
receiver's EPROM. The programs are selected via jumpers A11 and A12,

FIG. 4-1R RECEIVER SCHEMATIC. It Is based on the Sharp GP1U52X IR module and
INS8048L microprocessor. The GP1U52X Is a hybrid Ie /infrared detector that provides
a sl rong clean sIgnal lor tater filtering and demodulation .

Driving servos
Hobby-grade servos are com­

monly fou nd in radio-controlled
model a ircra ft and cars . How­
ever, because s ervos co nvert
electrical pu lses to mechan ical
moti on . t hey d o have man y
othe r uses . Servos arc easy to
usc once you unders tand how
they work .

Th e mos t common hob by ser­
vos have a th ree-wire termtna­
tio n: pos tu ve voltage . ground.
a nd s ignal in put. Pos itive volt­
age is usually +5-vol1s DC and
th e s tgnal Is a TTL-com patible
variable-width pulse. A l .fi-mll­
lisecond pulse will cen ter the
servo rotor. Increasing the pulse
wid th to 2 milli seconds wlll
move th e servo rotor fully clock­
wise . Decreasi ng th e pu lse wid­
th to I mtllisecond moves th e
servo rotor fu lly co un te rclock­
wise . So. a pu lse widt h between
1 and 2 mill iseconds will cause
the rotor to travel in a specific
d irection and dis ta nce depend­
ing on th e applied pulse width.
Pul s es a rc normall y a p plied
abou t every 16 milliseco nds to
hold the se rvo rotor In pos itio n .
In ou r a pplication . pu lses a re
applied every 45 mill iseconds.

The IH remote con trol sys tem
can con trol a maximum of two
hobbyservos as shown In Fig. 6.
The p rog ra m IRS ERVQ.AS M.
which Is selected by jumper ing
on ly A I :.!. Is used to drive them.
The servos a re operated by
pressi ng the UP v a nd DOWN v
keys for cou n terclockwise a nd
clockwise rotati on . respectively.
Th c 0 key willcen te r the selected
servo rotor. Selection of servos I

drive a T'I'l, bu ffer. or ac tivate a
solid-sta te relay. Presst ng the
ADD key allows any following key
depress ion of keys I through 8
to ou tpu t a h igh on the corre­
s po n d in g p or t. Co n ve rsely,
press ing the DE I. key followed by
any of keys I through 8 s ignals
leI to take the Iollowtng port
selection low. Th at allows a ny of
the eight ou tpu ts to be turned
"on" or "off' ind ividua lly with ­
ou t inte r fer ing with ea ch other.
To see th is . use a logic probe to
eheek 1'10 as you press ADD or
met, followed by a I. ADD 1 shou ld
take PIO h igh wh ile D EL I re tu rn s
P IO to low. -

1 127 28
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1 0 7 ca
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'I 17 05
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A G. 8-THE IR SYSTEM can remotely contro l a OS1261 dual SOlid-state pctenncmeter, 55

PN2222 -=

warn

+5V

ED

Remote potentiometer
Program four. IRPOT.ASM. re­

molely con trols a d igital po ten ­
tiomete r. Th e DS 1267 d u a l
solid-s ta te potentiometer (ma de
by Da llas Semiconduc tor ) Is
composed of 256 resis tive sec­
lions . Tap point s are provided
between eac h resi stive sectio n .
and each ta p point Is accessed

a s well as de tail s on how it's
do ne. can be found In th e head­
er section a nd main body of the
program IRRECROB .ASM Itn ­
elu d ed In IRSYSTEM .EXE ).
That progra m is set by jumper­
Ing on ly Al l. Figure 7 de tail s the
con nections between the IR re­
cetvcr unit and the robot.

$£AVl).Z

_0 3c --

warn

~
'"'" +"IK LED

S[AVO-Z \\INOICATOR ,"0"
PHl2U -= ."LED

SER\'O-l
IK IIIOIOOOR

P27 "

P2, "

Pt1 28

Pl0 21

~I

~'"' 1800
.5V

IK rV ~LEO

P27~ PH~
POTENTlOMffiR 1

INOICATOR

.'r-.. '"'"~

+5V

"
1K F.? ..s?.LEO

P2'

PH~-=
POTENTIOMETER 0

~1 Pl2 29 111OlCATOR

f!!- ."Pl1
vre0P10 Z7 --! v, DS12e1

GIlDn 2 HI
POTn """f!L, L1 ° W 12, WI ITO 11

5 RST L ~T LO 10

, elK e",u;
F GNO ootl

FIG. 6--THE IR REMOTE CONTROL SYSTEM can con trol a maximum of two hobby­
grade servo s. The LED's Indica te which servo Is active.

FIG. 7- THE I R RECEIVER ca n be
mounted on Ken the robot (see aeete­
Electron ics, April 1991) to give you full
contro l over him .

tracks. If you want Ken to roa m
as he originally d id , the 1H·; I. key
pu ts him In h is roving mode. All
of the key comb ina tio ns and
codes used to man ipulate Ken ,

Robot remote control
Do you remember Ken the

robot from the April 1991 Issue
of Radio- Blectrcnics? He had a
mind of h is own . but the IR re­
mote-con trol system will let you
teach h im so me manners . The
IR system gh'es you override
co nt rol of Ken's mo tions . You
will n eed to cha nge o r re­
program the or igina l8748 H mt­
crocont ro ller with t he n ew
version o f t he ma chine lan­
guage. IRROBOT.ASM, wh ich Is
included In th e ZIP fIIc IR­
SYSTEM.EXE on the RE·BBS.
{A new preprogrammed 8748 H
co nta ini ng JRROUOT.ASM Is
available from th e sou rce given
in the Pa rts LlsLI

The IR recei ver un it . wh ich
mus t be mou nted di rec tly on
the robot , decodes the UP v key
as forwa rd . D OWN v as reverse . UI'

c as left . a nd DOW N c as r igh t.
The 0 key s tops Ken In h is

PARTS L1ST-TRANSMITIER
All reslsto rs are w-wen. 5%.

Rl-l0 ohms
R2- R4-1000 ohms
Capacitors
C1. C2-27 pF, ceramic disk
C3-1 ~F. 35 volts. tantalum
C4-C7--o.1 ",F. Mylar
C8-10 ",F. 10 volts. electrolytic
semIconductors
IC1- INS8048L microprocessor (Na­
tional)
IC2---87C64 EPROM wilh transmruer
program installed
IC3-MC14017 CMOS decade counter
IC4-MC14049 CMOS inverting buHer
01-1N4001 diode
Ol-IRFZ22 MOSFET
LE01. LE0 2- T1L38 inlrared light·emit­
ting diode
Other components
XTAL1-&-MHz crystal
Miscellaneous: OnioN SWItch. 16-key
keypad (All Electronics part number
KP·16 or equivalent). PC board . plastic
case. 6-voh battery. nbbon cable. wire,
solder; etc,

and 2 is pe rform ed by pressing 1
for servo I and 2 for servo 2. Th e
d r ive s l~na l for se rvo I or i­
gina tes at pin 27 of ICI h'lo) a nd
th e drive s ignal for se rvo 2 crt­
gtnates a t pin 28 11'1 11. When se r­
vo I Is act ive. a high Is present at
pin 35 of ICI {1'241. and whe n
se rvo 2 Is ac tive. a h tgh Is pres­
ent at pin 38 (1'27 1_ You ca n usc
those ou tputs to drive LED in­
dicators with a PN2 222 t ra n­
sis to r. as shown In Fig. 6 .



labels th e po ten tiometers as 0
and 1. Aga in . pin 35 of lCI is
high wh en po tentiome ter 0 is
active. and pin 38 Is high when
poten tiom eter 1 Is acti ve. You
can also use the LED indica tor
circuits connected to pi ns 35
a nd 38 of ICI . Both j umpers A l l

and A l2 must be removed to ac­
cess IRPOT.A5 M.

Co mm on factors
Th e receiver and transmitter

circu itry a re almos t iden tic al.
a nd they arc built on the sa me
PC board . Pans co m mo n to
both circ u its have th e sa me
part number, and par ts added
or removed from onc of th e cir­
cuits will ha ve co rres po nding
part n um be rs added or re­
moved . So, whe n a par tic u lar
part number th at 's con tained in
bo th circu its is mcntloned . the
part pe rfo rms the sa me fu nc­
tion in both circu its . Whe n a
part con ta ined in only oncofthe
circu its is men tioned , The refer­
ence is lim ited to that particul ar
circuit.

Th e firs t and most Importan t
pa r t commo n to bot h circu its is

Con tinued on page 76,

PARTS LIST-RECEIVER
All resis tors are V.-watt. 5%.

Al . R2-not used
R3. R4-1000 ohms
Capacitors
C1. C2-27 pF, ceramic disk
C3--1 "" F. 35 vous. jaruaium
C4. C5-0.1 j1F. Mylar
cs,C7-not used
C8-10 "" F. 10 vons. electrotyfic
Semicondu ctors
IC1- INS8048l microproce ssor (Na­
tional)
IC2-87C64 EPROM with receiver pro­
grams installed
IC3. IC4-not used
Dl-1N4001 diode
Ql-not used
l E0 1, l ED2-not used
Other components
XTAl1-6-MHz crystal
MOD1-GP1U52X IR detector module
(Sharp). or Radio Shack part number
27&137
Misc ellaneou s : On/oil swi tch; PC
board. two jumper blocks, wire. solder.
etc.
Note: A com plete kit of parts for the
transmilter and receiver (not rnctuu­
ing a battery and case) Is available
for $49.00 plu s $3.00 S&H from Fred
Eady, PO Box 541222. Merrit Island,
FL 32954. Chec k o r mo ney order
only. For technical assistance call
407-454·9905.

•••••••••

nect th e 051267 to ICI on the
receiver board . The U P v and
DOWN v keys raise and lower the
res ista nce. wh lle 0 selects po­
ten tiometer 0 a nd I selects po­
ten tiometer 1. We use theoand I

keys here Instead of I a nd 2

because the 051267 data sheet

•

• !iilll!l Illl;•••;.J i

I:U ••••••1 • • ('" '.J.: I
C 1••••1 ~

FIG. 9-THE TRANSMITIER AND RECEIVER are on the same PC board. Build the
transmnter first, chec king off each part in the transmitter parts li st as you go. Put it
aside when done, and then build the receiver.
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I" 31/t INCHES . 1
SOLDER SIDE lor the IR transmitter and receiver boards.

by the wiper. By clocking a 17­
b it d igital code in to the [) Q pin ,
each po tentiometer within the
Ie can be a dj usted in depen­
dently.The part is ava ilab le with
di fferen t res is ta nce values. de­
pending on you r needs.

Ftgurc 8 shows how to con-

I.. 3' /t INCHESS----------.j

COMPONENT SIDE for the IR transmitt er and receiver boards.
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s h ows t he
Circuitry

Figure 3

,.

th e load; press ing Ute swttch a
secon d time di sconnects power
from the load.

The a u tho r d es ig n e d the
power controller for a pair of
quar tz halogen lig ht s t hat he
added to h is car. The power con­
troller dellvcrs the 8 a mps re­
qu tred for the fo~ lights. and It's
controlled from a tiny pushbut­
ton blended in lo the d a sh­
board. as shown in Fig. 2.

Th e power controller operates
o nly wit h the I~nlt lo n on.
There fore. If the d river doesn't
remember to turn off the ligh ts .
the con troller will. That way you
won 't find a dead butte ry the
next timeyou go to dri ve th e car.

DAVID J. SWEENEY

\

Add that custom touch to your
automotive accessories with our
power-controller module.

be used to trl¢ger the power
co nt rolle r to Fl a s h warni n g
lights .

For p ush button use, on ly a
thi n control wire runs to the
dashboard . which helps make
mounting ea sy. As s hown In
Figu re 1. a small switch. wi th an
LED power Indicator. co ntrols
power to a load, wh ich cou ld be
lights . a si ren. a winch sole­
no id. or any other device that
draws up to 10 amps. A fuse.
wh ich s ho uld be moun ted as
close to the batte ry as poss ible.
pro tec ts th e switched power,
P r ess i ng t h e d a s h b o a r d ­
mou n ted switch once activates
a relay th at su pplies power to

ADD ING ACC~:SSOlm·:sTO A CAR on

truck was once a s imple chore.
Jus t run some heavy wire from
t h e ca r ba r tc ry to t h e load .
th rou gh t he n rc wa ll to the
d ashboard. a n d connect t he
wires In se r ies wtth a fuse a nd a
toggle switch an d the Job was
complete. With that h uge. h igh­
current switch mounted on a
b r a c k e t s t ra p pe d to t h e
dashboard . a nip of the wrist
wou ld activa te the new accesso­
ry and testi fy to the owners e.".
peruse and Initia tive.

But a plai n old toggle switch
han ging fro m the dashboard
doesn 't cut It anymore: It pre­
sents a tacky. u np rofessional
appearance tn todays motor ve­
h tcles . Besides looking bad . an
old-fashio ned le ver s witc h
could make you look had. too. If
you W Cf C to leave th e power on
wh en the ignit ion key Is off you
cou ld kill th e battery.

You can personali ze you r
dashboa rd a nd avoid those tog­
gle-swt tch headach es with our
s imple pushbutton power COIl­

troller for high-cur rent accesso-
ri es . Wh en you ' re fi n is hed .
you'll have a "s mart" switc h th at
bl ends In with t he ex is ti n g
das hboa rd co n trols. An LED
can also be Insta lled to ind ica te
the power state.

The motor veh icle power con­
troller Is specially designed for
u nde r-the -hood _~_

mou n ting. It Is de- ~

signed to switch a
h igh current when
It receives a postuve­
go ing pu lse from a
momenta ry sw itch.
It cou ld also be con­
t ro ll ed by a spe ­
cia lized dcvtce like a
remo te cont rol radio
receiver. Pulses from
a 55 5 timer Ie cou ld



All resistors are V~-wa" , 5%.
R1-1O,OOOohms
R2-3300 ohms
R3--1 000 ohms
R4-2200 ohms
R5-1500 ohms
R6-10.000 ohms
A7- 2.2 megohms
Capacitors
C1-o.1 J-LF. ceramic
C2---O.02 J-LF, ceramic
C3--0.3 J-Lf. ceramic
Semi conductors
IC1-eD4013 dual flip-flop IC2­

LM7812 12-volt regulator
Ql - IRF511 field -effect transistor

(FET)
D1- 1N914 diode
L E D1-li gh t -e mitting d i o d e

(choose color 10 match exIsting
lighting on dashboard)

Other components
S1-momentary SPST pushbullo n

switch (choose one that closely
matches exis ting switches on
dashboard)

Fl-10-amp luse
S01-5-pin DIN socket
Pl1-5-pin DIN plug
RY1- 12·volt. to -amp relay (Radio

Shack part number 275-248, or
equivalent)

Miscell aneous: PC board, 10-amp
terminal strip, inline luse holder,
aluminum plate , encapsulating
material, wire. solder. etc.

pos iti on . Relay HY ) does the
h igh -cu rren t switch ing (u p to
10 a mps ). a nd Its coil req ui res
only 38 milliamps.

Whe n you turn on the ign i­
ti on s wit ch in you r car a nd
press 5 1. capacitor C3 charges.
causing pi n 2 oflC I (we on ly use
half of a CD4013 dual flip-flop)
to toggle high. The h igh outpu t
from pin 2 of ICI is applied to
the ga le of FET transis tor QI.
wh ich in tu rn energizes relay
RYI. The relay con nects the load
(up to 10 a mps ) to th e car bat­
tery. After C3 d ischarges. a sub­
seq uent h igh from 5 1will toggle
the Ihp-flop aga in. opening
RYl 's contact s . Capac itor C2 re­
sets the flip-flop to ensure that
pin 2 Is low and that the load Is
disco n nect ed when the accesso­
ry voltage Is firs t applied. FET
tra ns is tor Q I can easi ly drive a n
ext ra relay In parallel wit h RYl,

PARTS LIST

•

MOTOR
VEHICLE
POWER

CONTROLLER

BAmRY'- --'

g

switch . so the load can receive
power on ly when the Ign ition
key is in the "on" or "accessory"

ENGINE
COMPARm ENT

ORO

~swe2

I ~

ACCESSORY
FUSE

DASHBOARD

LED

+12VOC--<f\s>-- ,

MOMENTARY
SWITCH

FIG. 1- THE POWER CONTROLLER lets a small pushbutton control power to a load
that draws up 10 10 amps.

sc he matic for the power con­
troller. The controller is powered
from the veh icle's accessory

FIG. 2- THE AUTHOR DESIGNED the power controller lor a pair of quartz halogen
lights that headded10 hls car.The lights are controlled froma tiny pushbutton switch
blended into the dashboard.

5.



the low-current external con­
nection s to 5 I, LEDI, accessory
power, and ground . A matchi ng
DINplug {PLlJ plugs in to 501to
make those connec tio ns. (The
load 's powe r and grou nd con­
nec ti ons s hou ld be separa te
from the DIN con nector). The
DIN co nnector a ls o ma kes it
casler to change a power-con­
troller module In case of fallu re,

withou t having to d isco n nect
any wtrtng . Ifyou don' t have a 5­
p in DIN connecto r, you ca n use
a -conduc tor phone wire to con­
n ect t he m odu le t o powe r.
ground , LED}, a nd 5 1. Ifyou do
that , you must ground th e LED
to the dashboa rd or any chas s is
gro und as shown in Fig. I . A
ter minal strip provides the con­
nections from the load to the
relay con tac ts .

1b make the power controller ~
as durable as possible In a cars ~
engine compar tme nt. the ct r- ~
cult boa rd was mounted on a __
O.064 ·i n ch a lu m in um pl a te ,~
bent In to a If-s ha ped frame. as !!!
shown In Fig. 5 . The DINsocket ~

a nd the terminal s t ri p we re ~
mounted on the s ides of the U· il
bracket. Th e entire circuit was z
then enca ps u la ted In a clea r ~
plastic resin block (the product
Is ca lled Ca sting Res in ) a s 59

FIG. 5-THE POWER-CONTROLLER
board Is mounted on a O.064-lnch alumi­
num plate ben! Into a If-shaped frame.
The DIN socket and the terminal strip are
mount ed on the sides of the U-brackel.
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+ 12V
(fROM CAR BATTERY)

~
f1
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IRF511

==r-- ~LOAD

OlV.IOA)

~

C2

at m ost elec t ro n ics s u p ply
houses. Th e electro n ic compo­
nen ts are mounted on a s tngle­
s ided printed circu it boa rd as
shown in Fig. 4 , We've provided
th e fall pattern for the PC board
In case you wan t to make your
own . Otherwise, use potn t-to­
po int wir ing a nd per forat ed
co ns t ruc ti on boa rd . Be s u re
tha t th e gauge of the wire you
use for the load connections can
handle 10 amps .

A DIN socket (501) provides

+ 12V (FROM
ACCESSORY

FUSE)

LOAD 0--- ..

(l OAy R5

-= 1.51<
1"'-- - ----1 +12V

.1 <>-+ - --' (FROM! 51r""]: ACCESSORY FUSE)
, , 2

I ~ : 4

, "!_ LED 1 : -= GROUND

L: :-i-MOUNTONOASH60ARO

1C2.

1 2 3 4 5 6 7

14 13 12 1\ I 9 8

1C1
CD4013

+ 12VDC(RfGI

C3
3
I

01
1H014

R7
2.2MEG

+ 12VDC
, .- ---, (FROM CAR BATTfRY) Fl

RY1 lOAr--------,
,02 : 1
+12VDC (REGl:

:,

r---- -------o--~'----, VEHICLE
: 51~ 4 J GRO UND

: ~ 1 5 2 -=
1 ,01;- - - - -'
I -= L£D1 l..'-_-",,,,-_ ,L ...i~ MOUNT ON DASHBOARD

In case you want to control a
second to-amp load . (Do not
con nect two to- am p load s to
on e relay.)

An LM78 12 12-volt DC reg­
ula tor (IC2) provid es a s ta ble
voltage to run the circuitry. re­
ga rdless of fluctuations in the
veh icles pow er. Ca pacito r C l
provides decoupllng for RY I.

Construction
All of the paris for the power

con tro ller sho uld be easy to find

FIG. 3- POWER-CONTROLLER SCHEMATIC. Because the power controller Is
powered from the vehicle's accessory switch, the load can receive power only when
the Ignition key Is on,

FIG. 4-ALL OF THE PARTS moun! on a sfng le.slded PC board fo r which we've
provided the foil pattern.



FIG. 6-THE ENTIRE CIRCUIT Is encapsulated In a clear plastic resin block help it
with stand vlbratlon, humidity, and temperature extremes.
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s hown in FI~ . 6 . Enca ps u lation
Is not necessary. but It helps the
circu it withstand the vibratio n ,
hu midi ty. and temperature ex­
tremes fou nd u nder the hood of
a ca r. You should make sure the
power cont roller wor ks before
encapsulating It. After encap­
su lation , the unit becomes "d is ­
posable" If It fa lls because It
can' t be repai red .

Ins tallation
After you 've enca psu lated a

wo rk ing m o d ul e , you can
mount It In you r ca r. Find a

place for th e mod ule so mewhe re
under the hood away from a
h igh hea t sou rce . Ifor example,
avotd the exhaust-mani fold side
of the engt ne.l Route the control
wire through the fire wall and
co nnect It to the switch and
L ED i n d icato r. w h ich yo u
shou ld mount In the driver's
compart men t. Be sure to drill
the mounting holes s lowly In
plas tic.

Snakmg wires th rough a fire
wall can be dl fficull . Sometimes
th ere's a plas tic plug th at ca n be
removed to gain access to the
tn tert or of the ca r from th e en­
gine compa rt ment. Be sure to
weatherproof such openings
after the power con troller is tn ­
stalled so your ca r won 't be draf-

ty. If th ere's no rem ovable plug
In the lire wall. try to snake the
new wires through a n opening
where eX l s tln~ wires a lready
pass th rough. Its often helpful
to poke a -coat- hange r wire
through the fire wall and to use
a hook bent on the end of the
h an ger to p u ll t he wi res
th rough In mu eh the s ame
manner as a n electricia n uses a
fis h tape to s nake elec tr ica l
wires th rough walls .

Next con nect power from th e
load to th e controller, and the n
from the co nt rolle r to the ca r

batt ery. After check ing ail the
con nections . Install fuse FI.
You shou ld now be ready to sit
behi nd the wheel. tu rn on the
Ignition . and operate the loa d
that is con nected to the power
con troller.

You can expand the des ign of
t he co nt ro lle r to Inco rporate
two relays , both powered by Q 1•
or to con nect something to the
normally-closed (NC) side of
RYl. However, bu ild ing an add i­
tional power con lro!ler migh t be
Just as easy. Once you get used
to the conve n ience of our moto r­
veh icle power con t ro ller, you
could end up adding a number
of cus to m p u s h bu tton-co n ­
trolled accessories to you r auto­
mobile. R·E



FIG. l-PINOUT AND FUNCTIONAL BLOCK di agram 01l he 555 ti mer IC.
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Th en th e out pu s witches high
a nd remains h igh u n til th e In­
pu t rises above the two-thi rds
s u pply level aga in.

The di fference be tween those
two triM er levels Is caned th e
hys teres is value. It is one-th trd
of the supply In FI~. 2-a. That
large hyste resis m akes th e err,
cult usefu l In s ig nal co n ­
ditioning where no ise a n d
ripp le m us t b e rej ected, a s
shown In Fig. 2-b .

Ftgurc 3 shows how the c tr-
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two-thirds of the s u pply voltage ,
a nd th e non-Inverting terminal
of comparator B a t one- thi rd of
the s u pply voltage. Comparator
A dr ives th e R In put a nd com­
parato r B drives th e S Input of
the on-chi p R-S flip-flop.

When the input volt age of the
circu it in Fig. z -a r ises above
two-th irds of th e s u pply voltage.
the 555 output s witches to Its
low s tate. It rema in s there until
the Input volta ge fa lls below
on~- th lrd of the supply voltage.

Put the 555 time to work as a Schmitt
trigger or as the hear t of light and
temperature alarms and drivers, a
metronome, and a continuity checker.

555
OSCI LATORS

RAY M. MARSTON

Schmitt trigger
Figure I Is the pi nou t a n d

fu nctiona l b lock d ia gram for
th e 555 ti mer Ie. In previous
a rticles It was pointed ou t th at
for a 555 In the ti me-de lay oper­
allon mod e, timi ng can be pre­
c isely controlled by one external
res is tor a nd on e ca pac itor. For
as ta b le op e ra tio n a s a n os ­
c illa tor, the free-running fre ­
quen cy an d du ty cycle ca n be
accu ra tely con trolled wllh two
ex ternal resi s tors and a s ingle
ca pac itor.

It Is wort h reca lling th at the
555 ca n be trlAAered a nd reset
on failin g waveform s, and th e
output ci rc u it ca n sou rce o r
si nk up to 200 milliamperes , or
dr ive TIL circu its . Th e 555·5
fea tures Include normally on
and n orm ally off out pu ts .

Figu re z-a Illustra tes the 555
Ie as th e ac tive compon en t In a
Sch mitt tr iMer circu it. Notice
th at the 5555 TRIGG lm pin 2 a nd
TIIRESHOLl) pin 6 a re con nected
to form an Input tennlnal. Ex­
temal lnput s ignals are applied
directly a t tha t poin t. The
OlTTPIJT pin 3 becomes the out­
put te rminal.

In ternal compara tors A a nd U
(sec Fig. Il a re b iased wit h an
on-chip voltage d tvrder, Th a t di­
vid er bi ases co m parato r A at

T WO l' IH:V IO US A I{TICI.~; S IS ~: I'.

{ember, page 58 and October
page S explained tbe opcrauon
of the po pu lar and versatile in ­
dustrv-st andard 555 t imer leas
a moriostublea n d astable mult i·
vib ra to r; They gave' examples of
lis use In accu rate lime delay or
oscilla tor c ircu its.

This third a r ti cle starts by
discussing th e 555 as the kc)'
component In a Sc h mitt triMer
ctrcu tt. It goes on 10 explain the
role of th e 555 in various astable
m ul t tvrbratcr or osci llator lr­
cu lts wn h many prac ti cal ap ­
plications . Th os e ci rc u its in
elude light- and dark- as well as
hot- and cold -actuated alarms.
Other c ircu its a rc a code prac­
tice oscilla tor; a door buzzer; a
con tinuity tester. a s igna l ge ne r­
ator. and a metrono me. Vario us
light-actuator a nd relay-driver
circu its a re Inclu ded .
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FIG. 5-MINIMUM-BACKLASH. DARK­
ACTIVATED relay based on Ihe 555.

Stable of os cillators
The 555 In the astable mult i­

vibrator or osc illator mod e has
th ree ou ts ta nd in g adva n tages
ever ot her kinds of oscillators:
• Excellent frequency stability
wit h va r ia tions in s u pply volt­
age an d tempe rature.
• Freq ue n cy va r iab le over a
wide range wtth a s tngle poten ­
tiometer co n tro l.
• Low impedance ou tpu t that
ca n sou rce or s ink cu rre n ts up
to 200 m llliamperes .

Figure 7 s hows the 555 as the
se mico nductor IC in a Morse­
code practi ce osc illa tor. The ci r­
cu it Is a n oscillator with Its fre­
quency variab le from 300 Hz to
3 kl lz by adjusti ng tone control
poten ti ometer R3 . Th e soun d
volu me of head phone ZI can be
va r ied with poten tiom eter R4 .
a nd the headphones can have
a ny DC resistance from a few
oh ms up to a few m egohms. The
os c illa t o r ci rcu li d raws n o
qu iescen t cu rren t u nt il the n or­
mally-open Morse key co nnects
the c irc u it to the 5- to 15-volt
su pply.

Figure 8 s hows the 555 as the
se m icon duc tor device in a s im ­
ple electronica lly act ua ted door
buz zer. Pushbutton switch 8 1
connects th e 555 to the 9-voll
ba ttery. a nd the outpu t of the IC
Is cou pled to s pea ke r SPKR I
th rough ca pacitor C4. Capac i­
tor CI produ ces a low s u pply­
lin e Impedance. ens uring ade-

a t ti r e tn c reas ca. I Th e the r­
mi s tor for th is a pplica t ion mus t
ha ve a res is tance value be tween
4700h msand 10 klloh msal the
des ired tur n -on te m pera tu re.
The r mis tors a re typ ica lly pack­
aged as rad ia l-leaded d isks. and
the ir resistance values a rc spec­
ified at 25" C.
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FIG . 4_ DA RK_AC TIVAT ED REL AY
SWITCH BASED on the 555 has a lot 01
hysleresis.

pltcattons . A more useful relay­
d rivin g. da rk-ac tivated switch­
ing c ircuit is s hown in Fig. 5. It
ac ts as a fast com pa rator rat her
than a tru e Sch m itt tr igger. The
T Il RESHOLD p in 6 to In ter na l
compara tor A of the 55 5 is lied
perma ne n tly h igh by res is tor
H3 . whl1e the ou tp ut of t he
light-sensing poten tiom ete r HI
and photocell R2 voltage d ivider
is applied to TRIGG lm pin 2 of
compara tor B.

T he photo rc s ts t tvc element
for thi s c ircu it can be a ny cad­
m ium-sul fid e ph otocel l wh ose
res is tance is between 470 0hms
an d 10 klloh ms a t the desired
tu m-on light level. The c irc u it
In Fig. 5 ca n a lso func tion as a
ligh t- (ra the r than da rk-) act t­
vated switch by exchangin g the
pos it ions of th e po tentiometer
and ph otocell. as s hown in Fig.
6-a.

FIG. 3- A SCHMITT TRIGG ER SINE­
AND SQUARE- wave ge nerator formed
wilh a 555 IC.

+5VTQ ... 15V

Rl 8 4
lOOK

The circu it can a lso functi on
a s a te m pera tu re -ac tiva ted
switch by s ubs titu ti ng a ther­
m istor wit h a n egative tempera­
tu re coeffi cient fo r the pho­
tocell, as s hown In f igs . 6-b and
6-c. (A therm is tor wit h a n ega­
tive temperature coe fficien t de­
creases In resi s tance as tem per-
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cu lt in Fig. z-a ca n be mod ified
into a h igh -performa n ce s ln e­
to squ a re-wave con ver ter u seful
a t input freque ncies u p to abo u t
150 kH z. The volt age d ivide r
form ed by RI a nd R2 b iases the
in pu t te rm inal (pins 2 and 6) of
the 555 a t its qu iescen t va lue of
one-half the s u pply voltage H.e..
m idway be tween the upper a nd
lower trigger va lues ).

The s ine-wave in put signa l is
s u per im posed on t h is poin t
with ca pacitor C l. Square-wave
ou tput s igna ls a re taken from
pi n 3 of the IC. Res istor R3 is
wired In ser ies with the In pu t
te r minal to ensu re that the
s ine -wave s igna l Is not distorted
when the 555 switch es.

F ig ure 4 s hows h ow t h e
Sch mitt tr igge r circu it can be
made in to a da rk -activated relay
ac tua tor by wir ing the ligh t-de­
penden t voltage d rvtder con s ts t­
in g of potentlomen ter R I a n d
photocell R2 to the in put termi ­
nal of the IC. Th e potentiometer
and photocell resistan ce va lu es
a re nea rly eq ual a t th e m iddle of
the ligh t-activa tion ra nge.

The In h ercn lly hig h inp u t
backlas h or hys te res is of the
S c h m it t t r igge r lim i t s t h e
u sefulness of this circu it to very
s p ec ia lize d ligh t-sensing a p-

o

,
FIG. 2- A SCHMITI T'~R~'G=G==ER:'":C:~'·R~CUIT
lormed with a 555 timer IC.
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When t h e o u t pu t s w itches
h igh . C I c ha rges r a p i dl y
through diode 0 1 a nd resistor
RI in se r ies to generate a bea t
pulse on ly a few millisecon ds
long. Wh cn thc out pu t switches
low agai n. C l d isch arg e s
th rou gh po ten tiometer R3 a nd
resistor R2 In series to provide
a n off period of up to two sec­
onds (30 beats pe r minute). The
ou tpu t pulses a re fed to s pea ker
5 PKRllhrough level-con trol po­
tennometer R4 a nd buffer tran ­
s is tor g l.

LED flas h ers and alarms.
Figures 12 to 14 s how th e 555

In LED flas h er applica tions In
which the LED's have eq ual OIl

and 0 (( swt tcb tng times . With
th e compo nen t values s hown .
each circu it flas hes a t a ra te of
about one flash per second.

The circ uit In Fig 12 has a sin ­
gle-en ded out pu t. E ither a s in ­
gle LED lor LED's In series) ca n
b e con nected betwee n t he
OlITPUT p ln3 a nd GROUND pin 1of
th e 555 . an d all LED's turn on
a n d off together. Res istor R3
sets the on cu rrent of the LED's.

Th e circuit In FJg. 13 Is stm­
Ilar to that ofFi~ . 12. but it has a
double-en ded out put con nec­
tio n . The LED's above pi n 3 a re

~
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FIG. l 1-METRONOME CIRCUIT based
on the 555.

FIG.lO-SIGNAL GENERATORbased on
the 555
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In Fig 11 the 555 is the ac tive
com pone n t o f a met ronome
wUh a beat ra te var iable fro m 30
to 120 bea ts pe r m inu te. The
bea t rate ca n be set by adjusting
po tentiometer R3 . and the beat
level ca n be set by adjusti ng po­
tentiometer R4 . Th is ci rcuit Is a
m od ified versi on of the stan-

AG. 9--CONTlNUITY TESTER based on
the 555.

d ard as table rnul n vrb ra tcr In
wh ich th e ma in ti mi ng ne twork
Is driven from OUTPUT p in 3 of
th e IC.

FIG. 7-COOE·PRACnCE OSCILLATOR
with variable tone and volume.

FIG. 8-ELECTRONIC DOOR BUZZER
based on the 555.

(F" r"tv 4):'"! ~ Ll ::', I
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qua re ou tpu t d r ive cu rren t to
the s pea ker when 5 1 Is clos ed .
Th e ci rcu li gen era tes a monoto­
ne bUZZing sou nd s et by poten­
tiometer H2.

Figure 9 shows the 555 as the
semiconductor componen t In a
con tln ulty tes ter th a t generates
an audible tone on ly i f the rest s­
la nce between th e test probes Is
less tha n a few ohms. The c ir­
cuits operation depends on an
output tone that sounds o nly If
t he Rt:St:T lptn 4} Is biased
posit ive to about 600 m lllivolts
or greater by se nsitivity poten ti­
omete r ({ 5 . Pi n 4 Is n orm a lly
pu lled to ground by res ist or R2.
so n o to ne Is hea rd .

For the buzzer In the circuit of
Fig. 9 to sound. the two probe
tips must touch. con nec ti ng R2
to th e ou tput of th e reference
genera to r formed by res ist or R3
and Zen cr d iode 0 1 th rough
sen s it iv ity poten tio m eter R5 .
Poren ttomctcr R5 m ust be ca re­
fu lly adjus ted so th a t a buzztng
sou n d Is ba re ly au d ib le. Con ­
scquentl y. If thc res istance be­
tween the pro be tips exceeds a
few oh ms when a con ti n u ity
tes t Is being made . the buzztng
ton e will not be hea rd . The clr­
cu ll dra ws severa l mill iampcres
whe never 5 1 Is closed. even If
th e probe lips are not touc hing.

Figure 10 shows the 555 fu nc­
tioni ng as a s ignal generator for
testi ng bot h au d io an d rad io­
frequen cy circuits. The ci rcuit
oscilla tes at a frequen cy ofa fcw
h und red h e r t z whe n 5 1 is
closed . Its square-wave ou tpu t
is very r ich in harmonics . a nd
those ca n be det ec ted at Ire ­
quenctes up to ten s of mega ­
h er tz wit h a ra d io receiver. The
s tgnallevcl ca n be va ried by ad­
jus ti ng potentlometcr R3 .

FIG. 6-ALTEANATIVE SENSOR CIR·
CUlTS lor Fig. 5 provide actuallon by
lig ht (a ). un der-tempe ra ture (b), and
over-lemperature(c).



FIG. 14-AUTOMATIC (DARK-ACTUATED) lED FLASHER.
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FIG. 12- LED FLASHER WITH SINGLE·
ENDED output.

+5VTO...15Y

R1 .y~ D U Ol

10K ~

• • l .y~,EO'
7

!
R4

R2 470U
75K 555 rL

R3
2 470U
e

~

1" 5
1 1~~LEDJ-"'l lJ1,J F

G2

.y~ D LED4.0IOI1F

~

FIG. 13--LEO FLASHER WITH DOUBLE·
ENDED outp ut.

volts . The circu it osc illates only
when pin 4 is pulled to a
po sitive volta ge grea te r t han
600 mil li volt s . That ca n he
ach ieved only by turning on Ql .

As one a n n of th e Wheats tone
b ridge, res is tors R4 a nd R5 ap­
ply a fixed ha lf-supply voltage to
the emit ter of g l. The photocell
a nd pot en ti ometer form t he
other arm thaL applies a ltgh t­
dependent voltage to the base of
trans istor g l.

Under brigh t ligh t. the ph o­
tocell offers low resistance. As a
res u lt, the base-e mitter junc­
tion ofg l is reverse biased, a nd
the circu it docs no t oscillate. By
cont ras t. under dark co nd i­
tions . the photocell res ist ance
is high . so g l and the osclllator
are b iased on . Norma lly. poten­
tiome ter H2 Is adjus ted so the
555 is trl AAered at the des ired
dark level. Th e photo cell shou ld
have a resi st ance between 470
oh ms and 10 k ilohms under

th is cond it ion.
The precis ion gating meth od

described ca n trigger a varie ty
of555 oscillat or circu its to form
useful audible alarms a nd relay
dr ivers . By In terchanging the
photocell wit h the poten tiome­
ter. or rep lacing the ph otocell
with a therm isto r havrng a
nega ti ve te m pe ra t u re coe ffi ­
cien t . those circu its can be tr ig­
gered by increases or decreases
beyond preset values in either
ligh t or tem perature. Figu res 15
to 17 illus trat e practi cal exa m­
ples of suc h circu its.

Figure 15 shows an au tomatic
hea t- or Hgh t-uct ua ted relay
driver. The circu it works with
a ny 12-volt relay having a coil
resi stance greater th an about
60 oh ms . When actuated. the
circuit tr iggers the relay RYI on
a nd off abou t once per second .

A heat-or ligh t-acti vated mo­
no tone alarm Is shown In Fig.
16. When triggered . th is circuit

,~
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on when th e LEOs below pin 3
are off. and vice versa . Res istor
H3 se ts the on cu rrents of the
lower LEO·s . and res is tor R4
sets the on cu rren ts of the up ­
per LEOs .

Figu re 14shows how to rnodt­
fy the circu it in FIg. 12 for au to­
mati c dark-actuation . Reststors
H3 and R4. ph otocell RI , and
potentiometer R2 form a IIght­
sen s it ive Whea tstone b r idge
th at triggers the 555 Linaugh
brid ge balance-detec tor g l and
the ImSI~T pin 4 of th e Ie.

Th e os cilla to r Is normally d is­
ab led by resis tor H6 . which
pu lls Im S ET pin 4 close to zero

. 12V

Rl R3 ot
UK 10K • 1M4001 ~ RYl

7 3 12V
01 """2N3702

I

SENSOR I
R4 I

CIRCUIT

I~) 75K '55 .-+05EE
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FIG. 15-HEAT- OR L1GHT·ACTUATED relay purser
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A G. I 6-HEAT· OR U GHT·ACTUATEO med ium-power SOO-Hz alarm.

FIG.17-ALTERNATIVE SENSO R CIRCUITS for Figs.14 or 15for actuation by darkness
(a). light (b). under-temperature Ie). or over-temperature ld~

the c irc u it of Fig 17·a should be
used . If the c irc uit Is to be trig­
ge red when the light In tensity
rtses to a preset value lIight ac­
tua tion). the circuit of Fig 17-b
s hou ld be us ed .

If you wa n t te mperat ure actu­
ation . use a thermistor wilh a
n e gati ve te m pera t u re coeffi­
cien t a s th e s enso r. For under­
te m pera tu re operation . u se th e
ci rcuit o f Fig. 17·c : for over-tem­
perature operation . u sc the cir­
cu lt of Fig. 17 -d . Rega rdles s of
the kind of operation desi red .
the senso r elemen t must have a
resistance va lue between 4 70
oh ms a nd 10 kllohms at the de­
s ired trigger level.

Lo ng- period timers
1\ 555 can fu nction as a s u­

pe rb manu ally-tr tggercd rcla y­
drivi ng ti mer whe n it is co n­
n ecte d In th e m onostab le o r
pulse-gen erator mode. In prac­
ticala pp licat io ns. s uch a circu it
wi ll not generate accurate tim­
Ing s igna ls of more th an a few
m inu tes becaus e Ih ey requ ire
a n clectrolyt tc capacitor with a
hi gh ca pa c it a n ce va lue . Elec­
trolytlc ca pa citors typtcally havc
wide tolerance va lues ( - 50 to
+ 100%) a nd la rge a nd unpre­
d ict able lea ka ge cu r re n ts.

If the 555 is to be the a ct fve
com po n e n t In lon g- pe r iod
timers. the externa l c ircu it ry
must Include a capacllor o ther
tha n a n elec tro lyu c. Figure 18
s hows . a s a block di a gram. the
p rinci ples beh in d a design fo r a
5 0 -m in ute re lay-dr tvt n g timer.
In th is case. th e 555 Is orga­
n lzed in th e as ta ble m ode . 11 has
it s ou tp ut con nec ted 10 the relay
d river through a la -s ta ge bl n­
ary d tvtder IC. That co n-figura­
ti on g ives an overa ll divis ion
ratio of 16.384. I

If thc ou tput of the 555 Is set ~

to zero a t the start of an In put ~

cou n t. th e outpu t will s witch ~

hi gh u pon rece iving the 8 19 2 nd ~

Inj>U1 pul s e. The circ u it will re- i2
main high until the 16 .38 2nd N
pu lse a rr ives. At that time. th e m
output w ill switch low a gain. i!
co mpic ling th e norm a l operat- .~_
Ing seq uence. .,

In F ig . 18 . the li m in g s e - ~

quence is Initiated by clos ing :;;:
S I. which co n nec ts the s upply
to t he c ircu it. sim u ltaneo u s ly 65
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sw itch ing s p ikes of til e spea ker.
pro tecting Q2 agai nst damage.

I\ ltern atlve senso r ci rc u its
th ai ca n au tom a tica lly a ctivate
t1 H~ circ u its of either Figs . IS or
Il1 a re s hown In Fig . 17 . If lig h t
a ctua tion is desired. the sen so r
s h o u ld be a cad mium-s u lfide
ph otocell. If the circuit Is to be
t r iggered when light level falls to
a p reset valu e (dark actuation),
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AG . l B-A 6O-MINUTE TIMER based on the 555.

ge nerates a buzz ing sou nd at
abou t 800 Hz. Several watts of
power a rc drawn fro m s peaker
S PKH I th ro u gh b uffer tra n ­
s is to r QZ. The res u lting hi gh
s pea ke r o u tpu t c u r re nt co u ld
tr ansfer r ipple voltage to the
power s u pply so d iode Dl a nd
capacitor C3 pro tec t the circuit
from that Interference . Diodes
D2 and D3 clamp thc inductive



FIG. 2G-EXTRA·LONG PERIOD RELAY OUTPUT TIMER provides lOo-minute to 20­
hour intervals.

FIG. 21-WIDE· RANGE TIMER COVERING 1-minute to 2a-hour Inlerva ls In three de­
cade ranges.

RANGES: 1 " 1 TO 10 MIN. 2 c 10 TO 100MlN

FIG. 19-TWO-RANGE RELAYOUTPUT TIM ER providing ' to 10 minute- a nd 10- 10 100­
minute Intervals.

tr lAAering th e oscilla tor a nd set­
t ing the cou nter to zero th rough
ca pacito r C2 a nd res ist or R3 .
Tha t drives the cou nt er ou tpu t
low and tu rn s the relay on . The
co n ta c ts of RYI ma in ta in the
power su pply con nection once
5 1 is released .

Th is con dition is ma in ta ined
u nll l the 8 192 n d osc illa tor
pulse arrives a t the inpu t of the
cou nter: Then the cou n ter out­
pu t switches high and turns the
relay off As the relay turns off.
the contracts of RYI open . d is ­
con necti ng the su pply from the
circu it a nd com pleting the oper­
ati ng cycle.

In ' th is c trcutt. th e oscilla tor
m us t o pe rate wtth a cyc li n g
period th at is 1/8 192nd of the
req u trcd timing period (0. 44
second for th is ci rcuit ). That
can be achieved with a I micro­
farad polyest er capacitor and a
resistor of about 300 k ilohms .

Figu re 19 shows how the de­
s ign in Fig. 18 is implemented
to form a practical rela y-o ut pu t
timer circu it u se fu l for one to
100 minutes in two overla ppi ng
decade ranges . Th at circu it is
powered from a 12-volt su pply.
Th e relay must h-ive a cotl res is ­
tance of 120 oh ms or more.

Figu re ;W illust ra tes ho w the
time delay of the circ u it In Fig.
i9 ca n be extended by con ­
necting a n additional di vider
s tage between the output of the
555 and the in pu t of the relay­
d riving output s ta te. In th is cir­
c u it a dt vtde-b y -tcn 4017 8
CMOS IC is con nec ted be tween
the ou tpu t of th e 555 a nd th e
4020B i -t-stage b inary coun ter.

The arrangement In Fig. 20
g ives an effective overall divi ­
s ion ratio of 81,920, thus mak­
Ing delays from 100 minutes to
20 hours ava ila ble from thi s
Single-ra nge time r. Notice that
both of the d ivider Ie's arc au to­
matically re set by the s er ies
com bi na tio n of capa citor C3
and res istor R3 when switch 51
is closed .

Figure 21shows to mod ify the
ci rcuit in Fig. 20 to mak e a
wide -range gene ra l-p u rpose
tuner tha t covers one minute to
20 hou rs In three decade-based
ranges . The dtvrde -by-ten s tage
Is active only whe n switch 5 1-a
Is a t pos it ion 3 . R-E
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HARDWARE HACKER
Distant FM reception, UFO resources listing, UHV and VHF amplifiers,
TV/FM boos t er circuits. and pseudoscience research.

DOH LANCASTER
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J udging from the letters and
helpline cans. there's clearlya
bunch of interest in alternate­

science and pseudoscience topics
among Electronics Now read­
ers. Some genuinely believe. and
others Uike me) find these subjects
fascinating reading .

The two centermost secrets to all
hardware hacking are curiosity and
a sense of wonder-which explains
why such wide-ranging topics as
specialty hardwoods. Grecian urns.
Buckeyball research. rubber igua­
nas . the Powder & Bulk SOlidStrade
journal. and l inaja questing all are
vast ly more mainst ream 10 hard ­
ware hacking than they would ap­
pear at first glance .

I come at all this from a traditional
formal engineering background. I
strongly believe in such things as
the laws of thermodynamics . and
the value of perlorming simple and
verif iable experiments .

I also realize that getting relevant
and accurate results in the lab end
up nearly always to be the excep­
tion , rather than the rule. I am a
highly skeptical inquirer. albeit one
who very much loves to run a stick
ove r the bar s of es tablishment
cages. And I'm someone who al­
ways likes to encourage people to
think things out for themselves.

As a researcher. J feel there is a
fuzzy something out there that I'l l
calf the edge . This side of the edge.
things seem Cat least to me) "proba­
bly true." On the far side of the
ed ge . thing s app ear " pro bab ly
false" To determine which side of
the edge a subject currently lies on.
I'll often first apply the laws of phys­
ics and my ability to perform expen­
ments. Second. I'll ask what the
laws of statistics have to tell us on
the odds of an occurence and on
the data sample sizes. And third. I'll
try to apply Ock ham'e razor to find

out if there is a Simpler explanation
or a more likely underlying cause .

After that, I'll ask some crucial
cultural questions such as: Where is
the cash flow? (You should always
follow the money) Who benefits?
Who loses? What psychological or
other needs are being filled in all
those persons involved? Cou ld this
make a good hoax?

We re magiC co okies involved?
Are there any personality di sor­
ders? wbat irrelevant links are there
10 religions. con spiracies. or any
politics? Has this ground ever got­
len pl owed before ? How th or­
oughly? By whom?

Do things seem slight/y ralty? Are
there "just enough" noise . loose
ends. conflict. and missing pieces
to fit the wert the real world actually
works? Are all of the t's dotted and
the r's crossed , rather than vice ver­
sa? Are results carried to eiqht-dect­
mal-place precision conspicuously
absent?

Finally, I'll try to apply my " likes
water. looks like a duck, and quacks
like a duck" filter. Especially if eggs
are about to be laid.

All of which leads up to my...

Thoughts on UFO's
On to todey's story. You see , I

was abducted by a UFO enthus iast.
Yup. a close encounter of the zeroth
kind .

Actua lly. I guess I did pay him to

NEED HELP?

Pho ne or write your Hardware
Hacker questions directly to:

Don Lancaster
Synergetics
Box 809
Thatcher, AZ 85 552
(602) 428-4073

be abducted. Mike Sherlock runs a
great (and incredibly 10'/01 cost) se­
cret hideaway escape in the most
remote portion 01 Nev.o M exico's wil ­
derness outbac k. The Black Range
Lodge.

Mike is a sometime Hollywood
type who has gathered great heap­
ing bunches of footage into what,
uncut. is twelve hours of video ten­
tatively titled The UFO Marathon.
He is now in the process of editing
down and securing the right s for its
eventual commercial release.

This materia l runs the gamut from
fully professional and largely impec­
cable network-Tv footage on down
(wayyy... on down) to grainy black­
and-white home videos from south­
em F londa box-only addresses. The
spec ial effects wouldn 't even rate
the cutt ing room floor of a 1950's
qrade-Z sel-f horror flick.

For once. I am ata loss forwards .
To call this "lore" is condescending .
Bu t ca lling it "evidence" is too
strong. Be sides, that wo rd " evi­
dence" has vastly dif ferent mean­
ings to an engineer. a lawyer. or a
priest. So a neutral working defin i­
tion. the UFO resource base. is the
sum total of the available words and
images on this topic that are reason­
ably coherent and more or less rele­
vant to the subject .

After Sitti ng through a full twelve
hours o f video and then some. I
have come 10 three tentative con­
clusion s on UFO's;
(1) The scope. breadth . and depth of
the UFO resource base is much
larger than I thought it was .
(2) The potential credrbuuy of at
least a significant subset of the UFO
resource base appears to be higher
than I expected.
(3) The current UFO resource base
represents a multimill io n dollar
indus try that now employs thou­
sands on an inte rnational basis,



both in and out of government.
UFO Magazine appears to be the

leading industry trade magazine .
and the highest profile watchdog
group is the Skeptical Inquirer. The
best directory on the subjec t is the
new Almanac of UFO Organiza­
tions. It's written by David Blevins .
published by Phadera. and stocked
by Areturcus. amon g ot hers . Irs
sort of a combined Thomas Regis·
ter and Michelin Guide. I'd give it a
four ET rating.

Our resource sidebar fo r this
month shows you many of the lead­
ing places to go for further informa­
t io n o n UFO's and any re lated
phenom en a-both pro and can .
Treat it as you would any other re­
source listing.

And a related contest••.
As for ou r contest this month.

just answer the question Are we
afone? in 70.000 words or less and
send it in to me. There 'll be dozens
of my usual Incredible Secret
Money Machine fl books.along with
an all-expense-paid <FOB Thatcher.
AZJ tinajaquest for two going to the
best of all.

Be sure to send all of your entries
directly to me here at Synerget ics.
ra the r than over t o th e Elec·
tronics Now editorial offices. The
ent ry deadline will be extended for
any responses arriv ing from fift y
light years or more aNay. Especially
if they don't have tinajas.

Lo ng distance FM
We have had quite a fewentries in

our ultra-long distance FM recep­
lion contest. so I thought we might
revew what canand cannot be done
here.

Wi th most problems. there are
usually both technical and cultural
solu tions. Judging from the abso­
lute outrage Post-Newsweek Cable
has caused locally by dropping all
quality FM station coverage here in
the Gi la Valley. I sup pose such
things as petition drive s. suitably
annoying the politicians. rattling the
Corporation Commission 's cag e.
encou raging the competition. or
promoting t rans lat ors cou ld be
effective.

So would changing listening hab­
its . A nd newer FM transm ission
schem es are in the work s with

much higher effective ranges. es­
pecially for stereo . But I'm voting
wi th my wallet: I simply prefer not to
send any of my hard-earned cash
any longer to those whom I feel are
clearly biting the hand that feeds
them.

At any rate . broadcast FM sta­
tions transmit in a frequency range
from SS.l to 107.9 MHz on channels
spaced 200 kHz apart . This is in a
portio n of the radio spectrum where
thermal noise ultimately limits drs­
tance recept ion-although dayt ime
ignition noise can become dominant
in urban areas.

FM reception of any nearby sta­
tions can become complicated by
multipath. where the Signals bounce
around any nearby hills and struc­
tures. Steel or wire present in build­
ings can also act as partial or total
shields . And any strong nearby sta­
tio n that's close in frequency to a
weaker distant one can also give
you ste.

Urban solu tio ns tend to center on
small d irec tio nal antennas with
deep nulls. in shielded transmission
lines that are care fully matched. and
in good receiver selectivity.

For remote rural areas. plain old
low signal st rength will usually be
the main problem. But no matter
where you are. the higher you can
get your antenna. and the nearer
you can get to a straight shot at the
transmitter. the better your received
signal.

FM Signals are often horizontally
polarized and travel best in a line-of­
Sight. In the basin-and-range South­
west. it is to have many stations
come boomin g in on most any
mount aintop from hundreds of miles
away-on the cheapest rec eivers
with zilch for an antenna. But dis tant
recep tion can get difficult fast if you
lose une-of-slqht.

Many co ntest entries suggested
putting an antenna on the mountain
and then rebroadcasting somehow.

Perhap s as a passive repea ter
<two unpowered back-to-back a n­
tennas that work surprisingly well in
special ins tances ); an active re­
peater (isolated rebroadcasting on
the same frequency to prevent feed­
back); a translator (low-power reo
broadcasting on some other fre·
quency). or an optical link (which
sends out highly di rectional modu-

lat ed light pu lse s). Sad ly, th ese
don't seem too practical fo r me .
since either going clandes tine or
hassling the Forest Service or BlM
would be involved. There would also
be lightning and power problems .

The gain of an antenna is simply
how much bette r it works in its best
d i rec tio n than a com pa rab le
isotropic antenna that accepts sig·
nels equally well from any direction.
Raising the gain of your antenna by
a mere three decibels is the same
as havi ng the station double the
transmitt ed power. The standard
baseline FM antenna is called a
dipole and is shown in Fig. t-e. The
dipole has a "Iiqure -B" patt ern
wh ich gives it a peak gain of around
two decibels above isotropic.

The dipole can be reduced in size
by using twinlead wi th its 0 .7 ve­
locrty factor. Figure l ·b shows the
standard hanq-u-on-the-wan indoor
FM Tee antenna. But don 't forget
that this antenna has a " figure-S"
recep tion pattern. so pick your wall
accordingly.

if one dipole is good. then more of
them should be bette r. A group of
dipol es form an array. It turns out
that you do not have to power all of
your dipoles. Some of them can be
passive or parasitic elements . The
first parasitic element goes behind
your dipole. and is called a reflector.

One or more additional parasitic
elements can go in front of the di­
pole. and are called directors. Usu­
ally, there is only a single reflector
but multiple directors. The directors
are usually shorter than the reflec­
tor. Those two clues tell you which
way to initially "point" any ante nna.

Figure l-c shows you one popu lar
arrangement for active and passive
antenna elements catted a Vagi ar­
ray. Vagi ante nnas are compact.
have high gain. and exhibit stong
front-to-be ck rat ios.

Vagi antennas can be designed
for a Single station. for the entire FM
band. or for all of FM and television
com bined. Broadbanding is done by
changing the sizes. lengths. and po­
sitioning of the elements . All other
things being equal. the narrowe r the
bandwidth. the higher the antenna's
gain.

Fenn stance. a stnqle -chennel.
five-element Vagi might have a gain
of 11 dB. That same antenna broad- 69



(A) Standard FM air die lectric test dipole.

(B) "On the wall ' FM twinlead Tee .

(e l Seven atamant FM Vag i array.
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banded could haveonly a S·dB gain.
Thus, a sinqle-statio n FM Yagi will
usually deliver a stronger signal than
will an " all band" lV antenna.

Since they obvious ly would have
to be expensive special orders,
you 'll normally bui ld your own
custom -cut Yagi antennas. One se­
cret to narrow band and high gain is
to use very thin direc tors. I've
posted an FMYAGI.PS design pro­
gram to my GEnie PSRT. We might
look at this program some more in a
future column. Let me know if you
are interested .

Yes, antennas can be stacked.
But doing so often isn't worth the
hassle. The second antenna at best
adds only three decibels to what
you've already got. And without
proper impedance matching, you
can actually degrade your signal.

While vaqr-style FM antennas are
often the simplest and best. there is
another Hacker alternative . This
one is called a rhombic antenna. It is
just a parallelogram of wire sent ei­
ther around or across 'your room.
Figure 2 shows the details.

Inherently. a rhombic has a much
larger area and thus (when properly
des igned , properly aligned , and
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FIG. 1-S0ME POPULAR FM antennas based upon ordinary dipoles.
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Rea l World Pe stscrlpt (Roth) 22.50
PostSc ript Vll llal Approec h (Smith) 22.50
Thinking In POl tSc rlpt (Rold) 22.50
Undst PS Pgrmmg (Holtlgan9) 29.50
Tho Whole Work. (I ll POltScrlpt) 349.50

BOOK.ON-OEMANO STUFF
Book.on .demend "1I0 11ICO kit 39.50
GEnio PSRTse mple r (liolMacJPC) 39.50

FREE VOICE HELPLINE VISA/MC

used in a proper location> intercepts
more signal for a potentially higher
gain. Large <70-fooO FM outdoor
double rhombics can reach a mind­
numbing 28 decibels of gain! Broad­
band, yet.

But there is so much that can go
wrong with a rhombic design, and
so much cut and try is involved that
you might want to save this as a last
resort. And then only when there
are no strong local stations .

One useful paper on rhombic an­
tennas is Improved Antennas of the
Rhombic Class, run in the March
1960 RCA Review. You also might
want to check Try a Rhombic FM

Antenna in the January 1982 issue
of Audio.

More info on vaqts. rhombtcs.
and antennas in general can be
found in any of a number of college
or ham texts. The ARRL's Antenna
Book or the Antenna Engineering
Handbook by Jasik are typical clas­
sics on the subject.

Reception of FM signals can end
up more art than science. So, if you
are interested in only one particular
FM station and all else fai ls, t ry
black magic. Change the antenna
direction and position it to try to find
a local hot spot. You could try extra
pieces of conductor in or near your

CIRCLE 219 ON FREE INFOR MATIONCARD
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Solar Mind
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Synergetlcs
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(602) 428-4073
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Mini-Circuits Lab
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(718) 934-4500
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Motorola
5005 E McDowell Road
Phoenix, AZ 85008
(800) 521-6274
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antenn a. In one tria l I found th at
shorti ng the antenna crossfeed with
an aluminum yardstick dramatically
improved the results for one target
station .

Some FM stations add vertical or
circular polarization to their patterns
to improve mobile reception , so a
non -horiz ontal an t enna m igh t
some times work be tter than you
would first expect. Try it and see .
Shou ld you be mainly interested in
one station, call the station and ask
what pattern it uses .

One final trick to deal with a noisy
FM signal is to reduce its band ­
width. The qu ickest and simplest
way to do this is to switch from
stereo to mono. That halve s the
bandwidth and thus reduces noise
by three decibels. Many modem au­
tom ot ive stereo receive rs do that
automatica lly.

It is also possible to use low-pass
filters (such as the treb le control or
messing with the loudness curve) to
further reduce the perceived noise.

Powder & Bulk SoUds
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Morris Plains, NJ 07950
(201) 292-5100
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-- to station

(B) Double rhombic antenna.
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GEnie
401 N Washington Street
Rockville, MD 20850
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(A) $ingle rhombic antenna.
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NAMES AND NUMBERS

Guitar Digest
PO Box 1252
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Journal Computer Game Design
5251 Sierra Road
San Jose, CA 951 32
BBS: GEnie JCGD
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FIG. 2- THE RHOMBIC FM ANTENNA Is
humongou sl y large, but it does offer ex­
ceptionally high gain over a quite a wide
bandwidth.
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You end up losing the station 's high
frequencies as well.

We better throw in some obvious
safety warnings here: Outside and/
or high antennas must have light ­
ning protect ion . Ante nnas can kill
you if they hit a power line when you
are installing one. And any ladders
and heights in general could be the
cause of nasty to deadly falls. Think!
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FM booster a mplifiers
Wi ll an FM "booster'' amplifier

help us at atl?Ca n't we simply make
the received signal louder? For a
number of reasons. booster ampli­
fiers can be anything from a disap­
pointment to an outright disaster.
But. with so me care, boosters do
have their uses.

For any chosen station, any given
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receiving antenna at any given place
poin ting in any given direc tion . there
will be so many microvolts of signal
appearing at your antenna terrm­
nels . There will also be so many
microvolts of tnermetagitation noise
appearing across the antenna termi­
nals. At FM and higher frequencies,
the amount of th is rural noise usu­
ally gets set by the temperature of
the antenna. and little else. At least
for a given bandwidth .

The ratio of those two voltages is
known as the signal·to-noise ratio .
A SIN ratio that can produce 20 dB
of limiter quieting is needed to give
you " good " FM reception . Anything
less gets progre ssively noisier and
more annoying.

For a given fixed bandwidth and
recept ion sche me. th ere is no
knCMm amplifier or other electronic
method to improve the input signal·
ro-oo se ratio across your antenna
terminals!

All the booster amplifier can do is
amplify both the signal and the
noise together. Thus. if your input
signal-to-noise ratio is too low, there
is no way that any amplifier can help
you . You jus t cannot amplify a signal
that is not there!

Further. any boos ter amplifier will
add its CMm noise and always lower
your signal-to -noise ratio. The extra
amplifier noise over and above the
thermal background is known as the
noise figure. W ith ca re and the
latest of UHF transistors. an FM
first -stage noise figure under half a
dec ibel (around five percent ampli­
tude) can easily be achieved. On the
ot her hand . throw in any old el ­
cheepo tran sisto r. an d yo ur FM
noise figu re ca n easily get ou t­
rageously bad.

Worse yet. if there are any strong
signals that are also being ampthed.
they can overload you r booste r
amp. splatte ring themse lves all
across the band and creating spurs
or spurious signals. It's real easy to
co nvince yourself that your booster
amp gave you "lots" of neev sta­
tions: in reality it is jus t the cross
mod ulation from stro ng local sig ,
nels.

Finally, qui te a bit of design effort
has gone into the fron t end of most
premium FM receivers . Unless your
booster has a bette r des ign than
your FM receiver, it is almos t certain
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Ne w tech lit
Motorola has announced several

really excitin g new chips. Especially
th e new MC 144 143 smq le -chlp
Closed Caption TV Decoder and its

.1 2 vdc

c:y and an FM band noise figure of
only 0 .4 dec ibels! Approximate
schematics for the antenna and the
base units are shCM'O in Figures 4
and 5.

The antenna unit is made up from
a switchable FM trap <just what we
do not need') and one fairly low-qain
amplificat ion stage and cable driver.
The twinlead serves two purposes :
It routes DC power up from their
base station and downlinks you r
partially amplified AF signals. The
polarity o f the DC powe r de ter­
mines whether the FM trap gets
SWitched in or out. Ordinary silicon
diode s do the switching.

You might like to experiment with
eliminat ing the FM trap. I don 't trust
its being there at all. even in its sup­
posedly " off " posi tion. To do this.
you could try removing Lt . L2. A2.
and C R2. while replacing L3 with
the shortest possible jumper.

The base station is made up of a
power supply and another transistor
that acts as a line driver or as a
dist ribution amplifier. There 's also
an adjustable attenuator to optimize
the signal levels.

Please let me know about your
experiences in the way of receiving
distant FM in difficult areas.

IN ~ l Joe pI

FIG. 3-MINI-eIRCUITS LA BS offer a number of ult ra low-cost and easy-t o-use broad­
band YH FiUH F amplif ie rs and kit s. This c ircuit fo rm s an FM booster w ith a 2O-decibe l
gain and a l-decibel no ise f igure. Input and oUlput impedances are 50 ohms. Pre­
filtering m ust be used to reject any sl ro ng oul-of·band signals.

to degrade , rather than improve
your recepti on . Most of those el­
cheapo bargain boosters found in
the YUPPi catalogs wi ll often make
your signals more, rather than less
noisy.

So. what good is a boos ter? A
high-quality and properly designed
boos ter can make up for transmis ­
sion losses down long cables. They
can present a more standard and a
better matched load to your anten­
na. They can make up for a cheaper
recei ver front-e nd design- or for
standing waves and some lmped­
ance unbalances . And they are par­
ticularly useful when you want to
drive two or more receivers from
one antenna at the same time .

Figure 3 shows a simple broad­
band hacker V HF ampli fie r yo u
might like to experiment with. It
uses a low-cost integrated amplifier
from M ini·Circuits Labs. Since this
is a very wideband circuit. you have
to watch for saturation effects from
any int erfering s ignals. And thor­
ough shielding is a must. Naturally.
adding resonant circuits and limiting
your bandwidth can give you much
better resu lts for the frequenc ies
you are interes ted in. But that sure
makes the desig n a lot more compli­
cated.

Radio Shack has a newer 15 ·110 8
broadband TV/ FM booster that
uses a pair of exceptiona lly hot
Motorola MAF571transistors. They
have an a-gigahertz cutoff frequen-

Thorough shielding and
ground plane construction

are an absolule must!
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TELEPHON E HOLD

sta lled In line with any te le­
p hon e. The PC board h as T IP
(gree n) a nd I~ ING (red l available
at two plac es for the m odular
jack a nd plug. However. If you
a re Ins tall1 ng the board Inside a
phone. you ca n h ardwtre t he
ci rcuit direc tly ac ross TIP and
mNG , with ou t us tng any Input
a nd ou t p u t j a cks . Fi g u re 3
s hows the au thors co mple ted
prot otype.

sue Approaches to Technology and
Environment..,

The folks at Lindsay Publications
are offering a large number of new
titles. These include a tum-of-the­
century reprint on Large Induction
Coils. and a new one on do-it-your­
self Lightning Bolt Generators.
Lindsay has some great free cata­
logs. These are " must have" hacker
resources.

I've been self-publishing quite a
few titles these days using my new
Book-on-demandprocess . lncluded
are my Hardware Hacker reprints II
& Ill, my Ask the Guru reprints I, II. &
III;my Blatant Opportunist f. the new
Resource Bin I, and my LaserWriter
Secrets book and disk combo. See
my nearby Synergetics ad or call for
your free hardware hacking bro ­
chure for more details.

As usual. we've gathered many of
the resources mentioned together
into either of the Names &Num bers
or the UFO Resources sidebars. Do
be sure to check these out before
you call our no-charge tech helpline
or phone for a free hacker secrets
brochure. R-E

Using the hold module
To put a phone on h old , pres s

a nd h old 5 1 u n til you ha ng u p
the phone: LEDI will glow when
t h e p h on e Is e n -hook . As we
sa id before . the hold Is automat­
Ically released wh en a ny phone
is p icked u p. In the event tha t
your phone line Is above or be­
low 40 volts by very much . you
mi gh t need to vary the va lue of
Rl to com pensa te for th e di f­
fc rcn ce. The hold m odule will
n ot pu t a s ign ifican t load on a
telephone lin e. so you ca n add
as m any of th em as you ltke. R·E

'"

chaos topics. And the Jo urnal of
Computer Game Design is a great
labor-of-love newsletter by Chri s
Crawford.

Two unique music news letters
are Experimental Musical Instru­
ments and Guitar Digest. And Solar
Mind has just introduced its "Hoh-

en ' n R> ere
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FIG. 5-APPROX1MATE SCHEMATIC for the Radio Shack 15-1108 TV/FM booster base
unit. Switch SW1remotely activates the FM trap. Be caretu t not to mht up you r ca bles;
th e DC power on th e co axial cable could cause rece iver damage.

new DSP56401 Digital Audio Trans­
ceiver. Preliminary data sheets and
application notes are available from
Motorola.

We have a collection of unusual
publications this month. Tony Patti
still prints his Cryptosystems Jour­
nal that's big on cryptography and

FIG.4-APPROXIMATE SCHEMATICfor the Radio Shack 15-1108 TVIFMbooster anten­
na unit. The polarity of the DC power routed up the coaxial cable determi nes it the FM
trap will be swit ched In or ou t. The low-cost Motoro la transi stors used have an 8­
giga hertz bandwidth and an FM noise figure of 0.4 decibels!
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SAVES I7 ,43- ... OR EVEN 535.83· ... For each
gift of Electronics No'v you give this Christmas,
you save a full SI 7.43- off the newsstand price.
And as a gif l donor, yo u're ent illed to start or
extend your own subscrip tio n at the same
Specia l Holiday Gift Rate - you save an
add itional $17,43· !

Plug a
Friend into .,'

ectmnics
NOW

and Save 817.431
71/;5 Christmas give an electrifying gifl ... plug a friend into
Electronics Now and brighten the whole new year! Whether
electron ics is your friend's livelihood or hobby. your gift will
illuminate the whole spectrum of electronics throughout the
coming year and provide a monthly reminder ofyour friendship.

Electronics Now will keep your friend informed
and up-to-date with new ideas a nd innovations
in a ll areas of e lectronics techn ology ...
computers. video, radio. stereo, solid stale
devices , satelli te 'IV: industrial and medical
electronics. co mmunications. rob otics, and
much. much more.

So do it now ... take just a moment to fi ll in the
names of a friend or two and mail the Gift
Cert ifica te to us in its attached . postage-paid
reply envelope. That's all it takes to plu g your
friends into a whole year of exciting projects and
new ideas in Electronics Now!

No need to send money ... i f you prefer we'll
hold the bill till January, 1993. But you must rush
the attached Gift Certificate 10 us to allow time to
processyour ord er and send a handsome gift
announcement card. signed with your name, in
time for Christmas.

PLUS... equipment troubleshooting techniques
._. c ircuit design ... reports on new techno logy
and new products ... equipment test reports ... in­
depth coverage on computers. video, audio,
shortwave radio ... and lots more excit ing
features and art icles.

We'll provide great plans and printed ci rcuit
patterns for great elec tronic projects. In just the
last year, Electroni cs Now has present ed amateur
'IV equipment. co mputer peripherals, stereo
transmitters. test equipment, speakerphones,
robots, audio amplifiers, power inverters, and
much more.

In coming issues, Electronics Now will present
practi cal . educat ional, and mon ey-savin g
projects like: an electronic drum, an audio
effects generator, communications equipment, a
light-beam co mmunicator, a remote car starter,
an uninterruptible power supply and many
others!

'Ba\ ic $ub rale- I yr/$19.97 2 yffi/$38.97



Building the system
As m enti oned before . th e

transmit ter and the receiver a re
both on the same PC board, You
ca n use th e s u pplied fa ll pa l­
terns to make you r own (yo u 'll
need at lea st tw o j . or th ey a re
availabl e from the sou rce given
In the Parts Lis t. The transmit­
ter and receiver boards are Ide n­
tical exce p t fo r a Jew co mpo ­
nents, Figu re 9 shows the part s­
placemen t di ag ram fo r both
boards . Follow the part s lis t for
the board you are bultdt ng. and
Installon ly the pa rts in that lis t.
Check off eac h part as you In­
stall it to avoid confus ing the
two boards . Bu ild the tra nsmit­
ter firs t. and put it as ide when it
Is done.

Inst all the capacitors. paying
spec ial a tte n tion to the ir pola r­
rues. Be su re to insta ll jumpers
at the A l l AI2 locati ons for the
tra nsmitter only. Its advisa ble
to use socke ts In th is project.
In s tall t he IR LEO's a nd Rl.
Mount them In any posit ion as
long as th ey can able to radiate
IR freely. Ga te-p u ll-u p resIs tor
R2 is optional.

Once you a rc satis fied that a ll
your work Is correct. attach the
16-key keypad with a p iece or
r ibbon cable. Cu t a p iece or cop­
per- cl ad p e rfor at e d co n­
s truction board with holes 0 .1­
Inch on centers to the same size
as the keypad. Mount It over the
keypa d pins a nd solder the per­
forated cons truction board to
the keypad p ins. This will make
It eas ier to solde r and mount
the keypad .

A run ctl oning transmitter

FIG. 1D--THE PROTOTYPE TRAN SMIT­
TER is housed In a plastic case with a
si ng le-sided . copper-c lad PC-boar d
blank mach ined as Its top panel,

con tinued {rom page 5 6

IC2. an 87C64 8K x 8 CMOS
EPROM, which co nta ins the
mach ine langu age ins tru ct ions
for all fu nc tions provided by the
remote-cont rol sys te m . The
87C64 is Iden tica l to the indus­
try-standa rd 27C64, ex cept
that th e 87 C64 con tains an In­
terna l address latch and th e
27C64 part does not. For those
In terest ed In programming the
EPROM, there Is a modifica tion
you can make to the program ­
mer we ran In November 1991.
Send a self-add ressed st amped
envelope to th e au thor for de­
tails (see the parts list). In nor­
m a l u s e o r the INS 8 0 4 8 L,
address lines AQ-A7 need a sepa­
rate 74LS3 73 address latch be­
cause the lower eight data and
add ress lines are multiplexed
between add ress a nd data by
the INS8048L pro cessor. Be­
cause power consu mption mus t
be kept to a minimum . a n d
space Is at a premium, el trrunat­
Ing a 74 LS373 ad dress latch by
us ing the buil t-In function or
the 87C64 works in our favor.

In both ctrcu tts . capacitors
CI and C2 are used by the built­
In oscillator or ICI. A 6 -MHz
crystal (XTALl ) ensures ht gh
accu racy Ior timin g routines,
and It provides the basis for the
40 -kHz carr ier on the transmit­
ter module. All0 .1 ~Fcapacltors
are s tandard TTL norse-bypass
componen ts . whil e ca, a 10 m t­
cro farad electrolytic, mtntrmzes
voltage drop at th e battery ter­
minals . Capacito r C3 Is used to
reset the p rocessor.

In the transmitter. Rl limits
current and , along with Ql. al­
low s a hi gh-current 40-kHz
pulse to be a pplied to the IR
LEOs . Res istors R3 a nd R4 pro­
vide pull-up for address line s A l l

and A 12 . On the transmitter. in ­
s tall jumpers A l l and A 12 .

The system is designed to op­
erate from a + a -vott DC su pply.
Diode DI drops the + 6-volts DC
down to arou nd + 5 ,3 volts. Th e
sys tem works fine wit hou t th e
d iode, but it s bes t to leave It In
the circuit because voltages
above +5 vall s can lower the life
expectancy or semiconduc tors.
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a nd A l 2 locations as sho wn In
Fig . 11. The figu re shows the
coinpie ted module.

Tes t the rece iver module in
the swit ch mod e (jumper A l l

and A I2 on the rece iver). With a
logic probe to monitor 1'10 (pin
27 of ICI on th e receiver). you
sho u ld be able to toggle 1'10 by
pressing ADD or DE I. followed by
a I. AD D I shou ld tak e 1' 10 high
whil e /lEI. I returns /'10 to low. If
th is fu nc tion works . the rest of
the applica tions will a lso oper­
ate properly. R·E

• • •
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a-von "J"-type batte ry because
of its s tze and shape. However;
a ny + 6-vo lt DC power sou rce
will be sausfactory for this proj­
ec t. The pro totype transmitter
Is shown In Fig. 10.

Now assem ble the receiver. In ­
s ta ll the pa rt s indica ted in the
part s list for th e receiver and th e
pa rts -place men t diagra m . At­
tach the GP1U52X to th e PC
board or, optionally. run wires to
It off-boa rd. Be s u re to gro u nd
the met al case of the module.
Inst all jumper blocks at th e All

FIG. ll-THE RECEIVER BOARD can be
mounted on the project you are adapti ng
It 10. You can attach the GP1U52X IR
modu le di rectly to the PC board as
shown here, or run wires 10 It off-board.

ca n be test ed with the GPlU52X
Infrar ed detector modu le from
the receiver. You 'll also nced a
logic probe or scop e. Attach a
+ 5 -vo ll DC s u p p ly to th e
GP1U52X (see Fig. 9 for pinout
infor matio n). Ap p ly power to
yo ur p robe o r scope. wh ic h
sho u ld be con nected to th e ou t­
put pin of the IR detector. Apply
power to th e transmitte r and
press any key You should see a
change In the scope panerm
from th e ou tput pin of the IR
module if th e tra nsmit ter Is op ­
erating properly.

Ins tall th e transmitter In a
suitable enclosure . A red arcyllc
len s w ill Im p rove th e a p­
pearance of the rem ote control.
bu t it is not a requirem en t. Th e
layou t of the co mponen ts on the
circuit boa rd is not critical, The
prototype Is ho used in a plas tic
ease with a s ingle-s ided copper­
clad PC-board blank machined
as th e top panel (the cop per side
is ins talled on the Inside of th e
ca se). Rectangula r o pen ings
were cu t in th e bla nk for mount­
Ing the power switch a nd key­
pad . Brass s tr ips . soldered from
th e cop per on the top panel to
th e copper on the pcrfb oard in­
stalled on the keypad . arc used
to moun t the keyboard to the
top panel. The pro to type has a
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Audio evaluations-A non-mystical approach

LARRY KLEIN
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M y wi fe know s far more
about computers than I
do . In fact. she was work­

ing with them professionally in the
days when punch cards were the
only way to go. Furthermore. she
IA'On a science award in high school.
regularfy use-tested and wrote up
VCR's for a home-video magazine,
and 14years ago asked me to marry
her. Obviousl y. an intelligent . clear­
thinking young wo man ....

You can imagine my shock when
she came home one day with over
S100 worth of Estee Lauder cos­
metics. She had bought into the
female illusion that cheap che micals
in expensive bott les will deliver or
restore youth and beauty.

What relevance has all this to the
the subject of audio?

Large numbers of intelligent au­
diophiles con tinue to seek dreams
in expen siv e co ntai ne rs unin­
fluenced by cynics such as myself
who tell them that they are deluding
them selves and depleting their
bank accounts for no objective rea­
son. There is no scientific evidence
that super-expensive equipment ob­
jectively perfo rms bette r-although
they might hear it that way-than
the run-of-the-mill products owned
by ordinary mortals such as you and
me.

Objective/subjective truth
The concept of "objective" is a

key co nfusion block in most au­
diophile discussions . Music. an au­
diophile wouldargue, is a subjective
experience, not an objective one. I
agree, but objective reality exists,
and real-world events impinging on
our senses are the sources of all of
our subjective experiences .

Note that I'm not claiming that an
audiophile's subjective experience
of quality doesn't exist. I'm saying
that the special qual itie s expert-

enced are usually not being pro­
duced by the objective electronic
performance of the equipment un­
der evaluation, but reside entirely in
the percept ions of the listener. I
suspect that other qualities of an
amplifier, e.g., its cost. weight. and
manufacturer 's reputation, might be
largely responsible for the superior
sound heard by the devou t au­
diophile.

This leads me to question the eth­
tcs and good sense of the subjec ­
ti ve reviewers who recommend
high -end equipment that cos ts
thousands of dollars more than con­
ventional product s but which , in
t rut h, so und no better. Happily,
there is a way to bypass the "Yes, I
hear it, even if you don't " problem. It
involves changing the question from
" Can you hear the improvement?"
to " Can you hear an error signal?"

Nullification
Many years ago, David Hatler; of

Dy naco fame, invented a sort of
poor man's four-channel system. It
consisted essen tially of an addi­
tional speaker (or a pair of series­
co nnec te d additional speakers)
connected directly across the two
hot, or positive, terminals of the am­
plifier in use. Connecting a speaker
in such a fashion feeds it a signal
containing only the differences <in­
cl uding those of amplitude and
phase) be tween the two ste reo
channels. Since out-of-phase " hall
ambience" sound is a good part of
the difference between the chan­
nels on many recordings, feeding it
to sepa rate speakers located to­
ward the rear of the listening room
provides a worthwhile listening en­
hancement at very low cost.

Keep in mind that the additional
"a mbience" speakers are silen t
when there is no difference be­
tween the channels-such as would

occur if a mono signal were fed si­
multaneously to the two channels of
a perfectly balanced stereo amplt­
fier;

At so me poi nt it occurred to
Hatler that the ability to nullify identi ­
cal signals by a "hot-to-hot" speak­
er connecti on could be useful in
amplifier testing. A circuit (see Fig.
1) was devised that. in effect. elec­
trically compares the signal going
into the amp under test with the
signal coming out of it. After adjust­
ment for level differences (using RI)
and phase shift, any residual sound
that's heard in the null speaker rep­
resents the difference between the
amplifier's input and output signals.
Because the signal (if any) at the
null speaker is always much lower in
level than the normal program, the
normal speaker has to be moved
out of listening range to keep its
output from overwhelming that of
the null speaker.

A.. A~ . MUSIC INPUT

"L.CH IN R.CH. IN

POWER §JAMP

A ? ? 'ix
Rl

NORMAL
NUll SPEAKER

SPEAKER

Fig. 1-Circuit for extracting what ever
audible differences exis t between the In­
pu t and output 01an amplifier,

A perfect amplifierwould produce
zero signal at the null speaker. In
practice, the signal produced is usu­
ally low enough so that the error it
represents is totally masked during
conventional playback by any well­
designed conventional amplifier. If
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Fig. 2----eonoectlon lor comparing one
channel of a reference amplifier to one
channel of a modified or test amp. The
nonn al speakers, whose purpose Is 10
prov ide a ty pica l load , are placed out of
earshot. The nu ll speaker plays only the
differen ce between Ihe Iw o channels.
Theoretically, two IdentJcal channels will
produ ce no sound from the null speaker.
A meter acro ss the null speaker revealed
nulls 8S low as - 70 dB,

one wanted 10 test the virtues of a
particular special speaker cable, it
should be used to feed the normal
speaker. If the error signal heard
from the null speaker is louder (or
measures higher> you knowthat the
cable is guilty of introducing un­
wanted artifact s.

Ca rver Compa r isons
A variant of the nulling technique

is used by Bob Carver of Carver
Corporation to compare the elec­
t rica l audio performan ce-and
hence the sound-of two ampli ­
fiers. Here, one channel of a refer­
ence amplif ier and a mod ified or
test amp are connected conven­
tionally to a pair of speakers with a
"null" speaker connected across
them. <See Fig. 2J Although not
shown in the diagram, there needs
to be, of course , a common ground
between the two amplifiers and the
exac t same mono music signal
must be fed to both amps. To the
degree that the two channels have
identical performance, little or no

IIIIll
"'KR

sound will be heard from the null
speaker.

In tests where a 10000-cost ampli­
fier was designed to sound like an
amplifier costing thousands of dol­
lars more. nulls as 10V0I as - 70 dB
were measured . Difference s of
- 40 dB will be inaudible due to
masking effects.

One would imagine that Hatler's
and Carver's test would forever set
to rest questions of whether ampli­
fiers sound different, and to what
degree. Hatler's test. in addit ion ,
would disclose whatever audible
flaws exist in an amplifier without
the need for a reference or com­
parison unit. Sad to say. the test
techniques have been ignored by
teste rs for audiophile magazines
who continues to judge equipment
by whether or not it makes them
" feel right." But why should V'oIe ex­
pect any other react ion to tests that
would essentially eliminate most or
all of the arbitrary judgments and
mysticism usually associated with
audiophile product evaluations? R·E
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DRAWING BOARD
Let's build our own video scrambler!

ROBERT GROSSBLATT

A G. 2 WHEN 51 PULLS PIN 3 of 1C2 high, the video signal loses lis sync. When 51
pu lls pin 3 low, sync Is restored.

--1 Ii .sYM: f--

~CONTK"L.---l"'------P/CTUI':. ~ - - - - - - -1

same voltage levels apply to it, tooJ
When you have a 5-volt supply

and a signal voltage with a O.3·volt
knee, you should immediately think
about standard TIL logic . In that
family, everything below 0.8 volts is
low, which is exactly what we ' re
looking for. That might not be jmme­
diately obvious, so let's go through
it.

A video signal is t -volt peak-to­
peak but. by buffering it, the relat ive
voltage level of the signal is raised
by 0.5 volts. So, instead of ranging

VIDEO o U T Q .
+ 5"

"H

"'I
IC2..a..b

I . S ;::' V.%. ~o4 6

I " "IV'
JC /-o • I CTLIi: .r~/..:l.. 3 1".,7"1' "

VlOeJJ
,,/\J.... ~7{'" 2 IIN 2 r ., e VT

:I N.U:U ~ 7
,

<"'- 2
"'2 R2 •/oS #:. 22n

I 51 IN2. OUT
G-'lD Z- 7

* i

1.5V

P U/. L e.O UP

FIG. 1-A VIDEO SIGNAL Is normally t -vcu peak-to-peak, but aft er bufferIng, the
relative voltage level of the signal Is raised by 0.5 volts. Then, the only part of the
pulled-up video slgnal l hat fall s below Ihe TTL threshold 010.8 volts Is the horIzontal
sync signal.

have a hard time buying the chip in
single quant ities.

Fortunately, there's always more
than one way 10 get Ihe job done. In
this case, it means looking at the
voltage defimtrons inherent in the
video signal , and seeing what we
can do with them. Standard video
has very strict vollage divisions; ev­
eryth ing above 0.3 volts is pic ture
information and every thing below
0.3 volts has to be a co ntrol signal.
CVVe haven't talked abou t vertical
sync yet , but you 'll f ind that the

Alte ring horizontal s ync h
Suppressing the horizontal sync

is a simple. inexpensive, and rela­
tive ly safe way to keep " un ­
authorized" viewers from receiving
a cohe rent signal. So, to under­
stand better how scrambling works,
let's build a circuit that can alter the
horizontal sync.

Because we 're dealing wit h com­
pos ite video, and we intend to play
games with horizontal sync, Ihe first
thing we have to do is isolate the
sync from the rest of the signal. That
isn't very difficult-every TV in the
universe can do it. Most modem
TV 's either use a discreet sync sep­
arato r chip or have the needed cir·
cuitry buried in the innards of some
custom silicon . That makes things
cheaper for TV manufacturers. but
it 's murder for people like us who

W e haven't seen very much
circuitry yet on our journey
through videoland . That 's

to be expected. though. because
video is a subject whose theory you
should understand before you start
building hardware. As I've already
wri tten countless times before. a
video signal (shown in Fig. 1) is very
complex. with many separate com­
ponents that are mathematically reo
lated to one another.

If you look at a video signal on an
oscilloscope. it wi ll appear more or
less like the lower waveform in Fig.
1. The most important co mponent
of the waveform is the horizontal
sync pulse: if you do away with it,
the TV won't have any reference for
the beginningof a video line. and the
resulting image will be misaligned
vertically. (See our September col­
umn for more on the subjectJ The
color will also be messed up-with­
out the horizontal sync pulse , the
TV won' t be able to find the color­
burst signal.
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r---------.,Learn VCR I
repair al home! I

from a to 1 volt. the signal ranges
from abou t 0 .5 to 1.5 vol ts . The
translated level of the control/ pic­
ture voltage point is now about 1volt
(see the upper waveform in Fig. 1J.
You can see that the only part of the
pulled-up video signal that falls be­
low the ITL threshold of 0.8 volts is
the horizontal sync signal.

The bot tom line here is that we
can build a sync separator from a
standard TIL gate-in this cas e
we 'll use a 7486 exclusive-or (XOR)

gate . All we have to do. as shown in
Fig. 2. is feed the translated and
buffered video from Ot to one input
of the gate, and tie the other input of
the gate high. (Q l is part of the
buffer that we put together in Sep­
tember to keep your video gener­
ator or VCR from being damagedJ

Suppress ion circuit
If you work out the truth table for

yourself. you'll see th at the only
time the output of the gate is high is
during horizo ntal sync. The output
at pin 3 of the 7486 is a TIL- level
inverted vers ion of the ho rizon tal
sync. That output is fed to another
XQR gate . which inverts the signal
and gives us a negative'going sync
signal. Ability to provide bo th a
positive and negative sync signal is
the keyattribute of the suppression
circuit. We want to build a switch
that passes video during the picture
port ion of the signal and be able to
alter the signal during the horizontal
sync period. That's what the rest of
the circu it does .

The first part of the circuit is a
picture/ sync separator. and the last
part is a picture / sync combiner­
sort of. Even though we can put the
sync back in. we also have the op­
tion of sticking in just about anything
else we want in place of horizontal
sync.

The combiner uses half of a 4066
analog swi tch as a double-pole,
double- threw switch. <The analog
switch contac ts close when th e
cont rol voltage is highJ The outputs
of the switch (pins 1and 4) are corn­
brned. but because the control lines
of the switches (pins 13 and 5) are
connec ted to mirror images of the
horizontal sync signal. we can route
the pictu re portion of the video sig­
nal to the swi tch output when sync
is low (pin 6 of the 7486) and route

horizontal sync to the swi tch output
when sync is high (pin 3 of the
7486).

The stnqle -pole . s ingle· th row
switch (S1> controls the input to pin
3 of the 4066. Vv'Ilile it's neat to see
the effect S1 has on the video signal
when seen on an osc illoscope . this
is one of those cases when you' re
better off seeing the effect on a TV.

Whenever S1 pulls pin 3 of the
4066 high (anything above the ex­
pect ed sync level>. the video signal
loses its sync and the picture on the
TV goes totally haywire. If you've
seen sc rambled pic tures before .
you'll recognize it immediately. The
left side of the picture will be on the
right half of the screen. the right
side of the picture will be on the left
half. Down the middle of the screen
will be the horizontal interval. Vv'hen
SI pulls pin 3 low. sync is restored
and so is the TV picture .

Putting it togethe r
We are not ready to go into the

details of the scramb ling business
just ye t . thou gh. A success fu l
scrambler not only has to take the
video apart. but it also has to put it
back together again. That is quite a
bit more diff icult. There has to be a
way to encode the video signal so
that the horizontal sync signal is re­
stored at the right time. and for the
right length of time. One outdated
way that this can be accomplished
is to bury the information in the
31 .5·kHz audio subcarner.

That's not so surprising when you
realize that half that frequency is
15.75 kHz---exactly the same as the
scan rate of the video lines on a
standard color TV.There's not much
point in going through all the gory
de tails of recove ring suppressed·
sync video since irs abou t as usefu l
as present ing a full tutorial on repair­
ing telegraph lines.

Since suppressed-sync scram­
bling was figured out by signal pi­
rates about five minutes after it
appeared, the people in the televi­
sion s ignal scrambling bu siness
moved on to more complex meth­
ods of screwing up the video signal.
The most common method now in
use combines a variation on the
suppressed-sync method , invert ing
the video . and performing a lot of
weird other stuff. R-E
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co u ntering some trouble with
false tr igger ing by the sound of
the shutter openi ng. we put the
m icrophone on a tree limb to ge l
It clos er to th e splash while
being carefu l not to get It In the
frame. We covered it wit h a plas ­
tic ba~ to keep It dry. Th e S~:NS I ·

T JVrn' ended up being se t about
m id-range. Figu re 15 shows one
of ou r efforts at catch ing a stone
skipp ing across water.

Exploding capacitors
Wh en the editor speculated

on what an explodi ng ca pac itor
migh t look like . we decided to
find ou t... despite our better
judgment. Do no t try this a t
home! The fum es that are gen­
era ted arc noxious and toxic. A
fire exti ngu isher. proper sa fely
cl othing a n d eye-p rotecting
goggles a rc ess en ti al precau ­
tions.

We lea rned tha t there's n ot
mu ch more to be seen of an ex­
pl od in g c a pa c ito r with the
strobe than without it. How­
ever. the picture that we chose
to Illus t ra te what happened
(Fig. 16) Is s ligh tly mo re d ra­
ma ti c beca use the smoke .
which would not have shown u p
otherwise. was illuminated by
the s trobe . 10 try to get a more
in teres ting shot. we even piled a
grou p of electron ic compone n ts
on top of the cap thi nk ing we
cou ld get a pictu re of them fly­
tngt nt o the ai r. That might have
worked eve n tua lly. but whe n
our eyes s ta rted to wat er from
the smoke we decided to ta ke a
b rea k . a nd we Jus t never got
back to this experiment.

Your turn
These photos and the expla­

nations of how they were set up
and shot should get you s tarted .
The only ru le Is that th ere arc no
rules : you really ge t to make
them up as you go along. We
have a s ta nd ing bet about how
much a golf ball deforms when
Its h it . If you find out before we
do . let us k now. Electronics
Now will be happy publish the
best Freeze Frame pictu res we
receive. R-E
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· COMPUTER CONNECTIONS '
Gigabyte memory storage

JEFF HOLTZMAN

FIG. 1- DATABASE PUBLISHING Is a snap wit h tnfoPublisher. Extract the data trom
one or several joined dBASE, Paradox. Oracle, or Sa l serve r fli es, select desired
rows and columns, apply formatti ng, and then export the data to popular DOS and
Windows word processors and desktop pUbli shing programs.

H igh·density is about to take
on a whole new meaning for
dyn amic random-access

memories. Hint : In the past RAM
density always increased sequentially
by powers of two ( 2. 4, B. 16 . . . .l.
Earlier th is year, IBM introduced 16·
megabit DRAM's for its AS/400
minicomputer. The next step for
IBM should have been 32 megabits.
but that's already old hat . As has
been widely repo rted. IBM is nOVV'
coo perating with Siemens to de­
velop 54 -megabit DRAM 's.

M ore recently, Big Blue an ­
nounced an even more ambitious
international development effort; it
wi ll now pool its resources w ith
those of both Siemens and Toshiba
to produce 256-megabit DRAM's­
bypassing 128 megabits-buill with

units with keyboard and stylus in­
puts <OUKSl"sl. Each DUKSI will
have a socket that accepts a corn­
plete computer-on-a-chip. in a multi­
t ud e o f s tyles . They 'l l g ive
customized performan ce for dif­
ferent users, and permit easy up­
grades. DU KSl"s will be sold retail
l ike Ralp h Lauren brand- name
clothes in a variety of styles to engi­
neers, technicians. executives. stu­
dents. and even homemakers.

Neither the DUKSI nor the com­
puter module will cost much to
make: they'll be produced by robots
and , unles s there are drastic
changes in global business condi ­
tions. they won 't be made in the
good old U.S of A. Large profits will
be generated from designing, sell­
ing. and reselling highly stylized .
fashion-conscious DUKSl"s. People
would buy new DUKSl"s from lime
10 lime, not for technical upgrades.
but for personal satisfaction-like
buying new clothes.

The DU KSI will be part of every
schoolkid's lunch box. every man­
age r's briefcase. every doc to r's
bag, and every technician's tool kit.
With in ten years, they' ll connect
without wires to all major te'ecom­
munications services and provide
on -demand co nnectivity to an}
node on the networks. With in twen­
ty years. they could connect to al
compati ble elecrromc dev ices­
telephone. fax. copier. television. 01

stereo.
If Microsoft has its way.Wind~

sottware will be an integrated part at
this encroaching World Net. Recent
reports suggest that M icrosoft is
actively investigating ways to adapt
Window s for other environments
Those could include envisioned de
vices calle d portable digital as
sistants (PDA 's) and next-genera
uon video games (the " Wintendo'
di scussed here las t t ime). The}
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quarter-m icron trace wid ths . It
would take 400 of these lines to
equal the width of a human hair!

Think about it When many users
are still moving up to 4-megabit
DRAMs, nine of those babies to be
developed wou ld provide 256 mega
bytes of memory' That is from 16 to
64 times better than the memory
capac ity tha t tod ay's htqher-end
Windaws-compatible works tations
limp along on. Now consider a com­
bination of a bank of 64 ·megabit
DRAMs with an Intel PS CPU and
an XGAlDVI graphics subsystem.
allon a single chunk of silicon. Soon
the serial. parallel. and network port
connectors of a computer will take
up more space than the electronics!

Imagine the possibilities. We 'll
buy " dumb" highly styhsuc display
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might also include office machines
(faxes . photocop iers. and tele­
phones). and personal tele corn ­
mumcat ton s . which depend on
compute rs to con t rol access to
news. sports . ente rta inment. and
bcsmess information.

A chip in the hand
There's good and bad news about

Intel's for t hcom in g P5 mic ro ­
p ro c e s s or, s o m e ti mes (e r ·
roneousfyi called the 586. The good
news is that public hands-on dem­
onstrations (including those for the
press) prove it to be screaming fast .
It makes smooth-scrolling 3·0 ani­
mation possible. and it allows text
scrolling under Windows almost as
fast as character-based text on a
286 under DOS.

The bad news is that introduc tion
of the chip has been delayed until
early 1993. Intel apparent ly wants to
make sure that there are no bugs in
the P5 and that the company can
meet high-volume produc tion de­
mand. That bad news is tempered
by the possibility that its later intro­
duction is likely to spur further price
culli ng in the act ive 486 micro­
processor market.

As for its departure from its usual
pract ice in naming microproces­
sors, Intel appears to be intent on
distanc ing itself from the chip-clone
companies (AMD . Ch ips & Tech­
nologies, Cyrix. NexGen, et al). It is
holding an internal contest to de­
velop a new name that does not
contain the " 86" moniker. It ap­
pears that market ing has become
more important in selling micropro­
ce ssors than w e w o ul d have
thought possible.

Intel has signed a deal with VLSI
Technology under which VLSI gains
rights to x86 technology. VLSI is
expected to put that technology to
work in building new devices that
wi ll be customized for handheld and
other portable computers.

HCJ'AIe'Ver, one recent study shows
that the market for handheld and
pen/ tablet based PC's will not take
off as rapidly as was ini tially ex ­
pect ed. According to that study,
laptops will gradually drop out of
sight between now and 1996. Note­
books will pick up most of the slack
and provide the largest share of new
growth. Combination stylua/ key-

board units are also expected to
show significant growth. Pure pen­
based systems wi ll just be gett ing
off the ground by then.

Produc t watc h
InfoPublisher. an innovative niche

product. functions as an interface
between a database and a publish­
ing system. It allows you to extract
the information you need and pub­
lish it in a form that makes sense.
On the database end, InfoPublisher
can read dBASE. Paradox. and AS­
CII text files. It can also connect to
SOL·based client-server databases
including Oracle and SOL Server.

On the pu blishing en d. Info ­
Publisher can connect to Word.
WordPerfect. and Ami Pro for Win­
dows. several versions of Page­
Maker, and DOS versions of Word
and WordPer fect. InfoPubHsher
runs under Windows, so its opera­
tion is most eff icient operating in
that environment.

W hy wou l d you u s e I n f o ­
Publisher? A database manager at­
lows you to sort and select data.
and print reports based on them.
Report forma tti ng, however. typo
ically leaves much to be desired. Of
course . you could export a sorted
and selected subset of your data as
ASCII, import it into your word pro­
cessor or desk top publisher. and
format it there. But doing that typo
icelly involves a Jot of grunt work.
Imagine formatt ing each field of a
1000·record database manually.
Then imagine having to repeat the
whole process after updating your
database!

Bridging the gap is where Info­
Publish er com es in. It o ffers a
friendly. spreadsheet -like user inter­
face that allows you to query your
database . apply formatting. and
then export the results for fine-tun­
ing and printing with your favorite
printer. The best part is that you can
save a query/ formatt ing combos-

Products Discussed
• InfoPublisher ($795).
PageAhead Software, 2125
Western Avenue. Suite 301,
Seattle. WA 98121. (800)
967-9671. (206) 441·0340.
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tion and reuse it again afte r updating
a database.

The program permits the creation
of sophisticated database queries.
Queries can be speci fied in a query­
by-example (Q8E) mode or by typ­
ing in SQL commands directly. You
can begin in the Q8E mode and
then edit the SQL statement di­
rectly. Unfortunately. the process
can 't be reversed (you can 't return
to Q8E from SQU. With simple
commands you can select any or all
columns (fields) of a database. sort
fO<NS (reco rds) in ascending or de­
scending order on as many as ten
columns. and as an op tion. use
eesy-to -customee sort sequences,

You can also replace data (e .g..
spell out abbreviations). create que­
ry express ions with arithmetic oper­
ators and create operators fo r a
flock of functi ons: greater than, less
than, equal. not equal . is null. is not
null. is like, is not like, and more . In
addition you can combine several
expressions wi th Boo lean oper­
ators (and . or). create calculated
field s in the output table (e.g.. price
x 1,04 for inflation). and perform
related relational joins between sev­
eral tables.

After performing a query. Info­
Publisher presents a work table in
which you can rearrange columns,
apply formatting (e .g. font. size,
bold , and Italics) on a rr::Hi. column.
or cell basis. sort the table . specify
date and numeric formats. specify
capitalization rules , and rearrange
data. As an example you might want
to change " The Hitchhiker 's Guide
to the Getexy"to " Hi tch hiker's
Guide to the Galaxy.").

InfoPublisher simulates format­
ting by showing the proper font
along wi th bold and italic attributes .
but not point size. Each field can be
preceded or followed by a tab. a
"soft" return, a hard return . one or
more spaces. and an arbitrary text
st ring .

When everything looks right, you
export the data . You can set up DOE
links between InfoPublisher and. for
example. Word for WindOv'ls. But
performance (even on a 25·M Hz
48 6DX) is p re tty s low fo r a
database of any size. You can also
cut and paste data through the Win ­
dow s clipboa rd, or export data to a
separate file .

Let's assume you want to publish
a customer database with name.
add ress. and phone number. To
separate entries in the printou t you
want the name to appear in boldface
type. followed by the right-justified
phone number. with the full addres s
appeanng on succeeding lines. In
InfoPublisher 's Work Table. click the
column heading above the custom­
er 's name and press the "S" tool on
the toolbar; Then click the line be·
neath the column heading and spec,
ify that that field will be followed by a
tab.

Then click the corresponding
point above the phone number field,
and specify that it will be followed by
a paragraph mark. When you bring
the data into your word processor,
se t a righ t-justified tab stop. and
voila, (Using styles makes the pro­
cess even more efficient.I

1 found one bug in the program:
The fixed-length ASCII import filte r
caused a general program failure
(CPA. and terminated the program.
The vendor's technical personnel
promised that the bug would be
fixed in the next release, which is
due to be released around the time
you read this .

All in all, InfoPublisher is a plea­
sure to run. The QBE facility works
like a charm. and its ability to save
query/format specifications save a
tremendous amount of time over
traditional methods. The documen­
tation is well written and well pro­
duced. but a quick reference guide
to the multit ude of query and format
options is desperately needed. It
has some bugs. and the user inter­
face needs tun ing, but even in ver­
sion 1,2. InfoPublisher is a winner in
our book.

SCSI hint
Having tro uble interfacing two

SCSI drives 10 the same system? I
was when I was adding a second
drive to my main system. The two
drives were made by different man­
ufacturers. and by themselves . both
drives worked fine. But as soon as I
conn ected them. things went crazy.
The chief symptom was a disturbing
clicking sound when I booted the
system. Technical information pro­
vided by four vendors (drive A. drive
8 . the SCSI host adapter. and the
distribu tor o f th e second drive)

could suggest little more than mak­
ing sure that the last drive on the
bus had proper rermjnannq reo
srstors . Also they said no two drives
should have the same SCSI 10 , Biq
help.

It turned out that the problem was
caused by EMI-with emphasis on
the M. The older drive , a large 5.25­
inch model, was apparently generat­
ing a large magnet ic field that inter­
fered with the newer one. a
compact 3.25·inch job. After sepa­
rating the drives by the distance of
several d rive-bay posi tions . the
problem went away, Bot h drives
now function as advertised.

S ha re w a re corner
Quick-what's the difference be­

tween AS ·170 and AS·170A?
What's the delay in nanoseconds
per foot of 75-ohm AG-59/ U coaxial
cable? What color do you get whe r
green and blue phosphors on a CAl
are both active? HOv'I many lines ere
in n and what is the aspect ratio of
the proposed American HDTV sys
tern?

The answers. along with a vente
ble cornucopia of video and televi
sian-related data. are available in e
DOS prog ram called NTSC . ThE
program was wr itten by An tho n)
Watts. a TVmeteorologist and sys
tems enginee r who also deslqm
graphics systems for televtstcr
weathercasts.

NTSC has six sections: NTSC
signal parameters (e.q .. sync level.
back porch ti me. and ho rizontal
sync time), a glossary of terms. a
calculator for calculating delays and
cable lengths. specs for numerous
video formats (A G B . SVHS .
AS-170. PAL . SECAM. and more),
tes t patterns. and a list of Tv-chen­
ne l freq ue ncies. Mr. Walls has
packed more information into this
litt le $25 progra m than you could
get from hal f a dozen reference
books. I'll post a copy on the AE·
885 (516·293-2283). If you prefer.
you can contact the address in the
sidebar.

Answers (don' t cheat>; 1) AS·17C
is the EIA standard that descr ibes
NTSC com posite black and white
video, and AS- 170A is for color; 2) 1
foo t = 1.540 nanosecon ds: 3:
Green + Blue = Cyan: 4) 1125.
16,9 R-E
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FASCIN ATING el ectronic devIces! Dal"!!
Laser s! Tlansmillers! Oelaclors! Floo energy!
Tastal KitS/assembled ' CalaloQ $4,00 (Ill!utlda·
ble), QUA NTUM RESEARCtl. 17919·77 A~e "
Edmootoo AS 1ST 251

DESCRAMBllNG, new secret manual. Build
~r own dlrsl::f/ll'Tlblers tor cable .nd subscrip­
lion TV. Instructions, sd'IamabeStor SSAVI, galed
sync. Smo wave. (HBO. Cinemu, Showl,me,
U H F. Ad u lt ) $ 12.95. $2,00 p o sl ag e .
CABLETRONICS, Box J0502A, Bethesda. MD
20 624

HOBB Y'b roadcasM g H A M CB.'survel llante
u;ansmmer5.a~. eable TV. sceece. MS.
oIher great pn:IjetlS! Catalog $UlD. PANAXTS,
Bolt 130-fll . Paradise. CA 9~967.

OESCFlA MBLEFlki ts, Complele co.ble kit $44,95.
Complete satollrte kll$49.9$. Add $5,OOshiPPlJlg.
Froo broc hu'll. No New- YOr\( sales. SUMMIT RE,
Bo lt 489. Bmnlt, NY 10465 .

SURVEILLANCE tran sm itter k l t l lune rrom 65
to 305 MHz. Mains poweted duplelt. lelephone.
room. c:om-binalion lelephone room. CalaloQ wiUl
Popu lar CommunlCBllons , Popular I: lec"
l ronlca and Radio-Electron ic i book ruviews d
" Elec:uonlc Eavesdropping Equ ipment De­
algn," $2.00. SHEFAELO ElECTRONICS. PO
BoJt 377785-C. C/'Iicago.IL 60637-nas.

FREEl ExtIIInQ catalog d sensa/lONJ klts . LNS
TE CHNOLOG1ES, 20993 FoolhiU Blvd .. Suile
307A, Hayward. CA 945011-1511.

REMOTE CONTROL: KEYCHAIN

~
c........"._._..

.. .nd .$ Yd~ RF~
FlAly . . ...mbl"'~Wng pl.,.

" to buil dJ1lll' 0'1'" slll o s l,,,""""" , $2495 Cha ck,Vlu ... MJC• • Ad<! , , a/llppln
~ .. 5 @$19.95,10 @ $1 ,4,9~
,V r, ltec t l nc . ' 80. 14156, Fr,flWfl~ Ct· 94539
(510l651 -1 4~5 ·Fax (510) 651-8454

STE REO 8mpllf ler , 300W RMS'c/lannel. Com­
plete plans 59.95. STEVE FREEl., 1951biS Drive,
MeIlOume. FL 32951 . (40 7) 676-5933.

BOOSTstereo transtnol1er Iutoutpul power! $upef
sompIe plans. 54.00. X·TEK, Bo. 521164. SlC.
Utah &4152·1164 ,

60 SOLD ERLESS Bf1Iad board Pro jecta in two
easy ·' o-road pod<et books. Complete wrtI'I cireurt
descrlpbons. sc:hema1lts.parts~• . ccrco­
nent ~sllngS. ere. Both books (BP107 & BPIl3j
only$1 1.90OillS $3,SOlorshippong. USAand Can­
ada only, u s rund s. ETT, INC ., PO BIn 240. Mas ·
sa pequa Park , NY 11762·0240.

CEUULAR hackers b ible Them y - hacks­
ecoecetcos - $53.95. TE LECOOE. PO Bo~

642G-AE. Yuma. .AZ85366-6426.

V IDEOCtP HER 11 sa lellil8Jscannerlco.blelama·
lour/cellular repai r manuals. mod,tlcallon books,
sdlwaro. Catalog- $3.00. TELECOOE, PO Bo~
642G-AE, Yuma..AZ 85366-6426.

BUILD G-5O 110II ruguIaled dual traclong pc:Mef
su pply . Comolete schemabCS and inltfuClions.
55.95 , SUS EN GINEERING . RE 5932 West Bel
Road. Su rt9 0106, GIendaIe• .AZ 85308.

PROTOTY PING PC boards? Fasl and easy Irom
artwork 10 etdl9d board in 30 nwMBS or less.
COrTWe step by step plans and N.rroles! 56.SO
ched< or money or der 10 E.G .G.. PO 60'11390.
Bradenton, FL 3-4282. r

91
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Components-

Tl'anslston And Diodes
......­S ...
PS 1222
1'1'012\107
lN4 1lO4
2:--1 n l lA
IS47.1S
lS.I'Klt
l Ni SI
~s+401

IS41 ..
l N30SS

NRISI\4
NRIS1S7
NRI'\(I8S
NR15106

'""~D,

NR51570
NIU7161
NIU 7171
NIU II.lJS
NR-lo0301
NR4 1110

Linear ICs'
L..-....fnHI. n1'io, I·'
4 1 nDlllCl' ..$.S,

7"J I.M.II Tf_ w
8.1 I.M.lHN _...I S
71 IM .I.It,Z.._ ._ _ .. I.09
SI IM .IJ?N .45

U NESSW .l'J

U U.ISS6N .4'
67 1.M7,uo.; .4'
.19 1.\1741<::": .l'J
1I L\1l4S&N J')

S7 U.1I48l1N .45
II L\ 1I48?N .4S
71 UL"ll103A_ ....__.._ _ .611
30 L\B? 14N • .~_.._1.49

II'; Nn S32•.._._._~.~ I. I?
62 710ST •_ _ '"

J-l 78IH .45

•N,,_~nJ Ie. .-.. _ A-

legrated Circuits'
J1~1K'I No. I ·' 10 .'" r J.19 $. 19

liS 7401..•.......•.•....... •19 .1 '
Mel 7404_ _.._ ... .1' .19
I'l l 741)(,._...__ ._._~ •.IS .1S

:10 7407 JS.15
46 7_ J S.lS
" 7410 .Z'J.19
·U 7417 JS .lS
108 7420 .Z'J .19
~S 70 ' JS .lS
,10 7+017 ."9 .;,

,SI 7H 4 J, .19.'.l 747b 4S .j S
06S 741ll. 4S .jS

011 1 748'1._ _ ......_ 1.9S 1.7S
<90 74'10-__ .S9 .49
·U 74121 .4' J 9

'11 H l91 .;' ..M
'.19 741'1l ." ...

CIRCLE 114 Oft FREE IN.FOR''A~ CARD



GENERAL Instrumonl OPV-7S 5250.00. SOet
lIIoc Atlan la 8500'5 $150 .00 . Tocom 's $150 ,00 I
S250.00. CABLE WORLD. 1 (800) 234·7193 .

CABLE TVeonverter'L Jerrold. ZenlII. PionM
Oak. SoonlItoc AM nia. and manymore_12 yea'
e.perienoe glYes us tne ad vantage . Visa 1.4
Arne. COO ADVANTAGE ELEcmONICS. INC
1 (800) 952 -39'16 1125 Ri'YIIrM)od Dr., Bumsvilll
MN 55337.

,
•llIt1"IOO A,llll_MIU. I

lQCl< CllYS IAlCOllIIIIUI D5VSI l ll i

SIll -eJlOW'O'l Ir1'1- lit $110II
PO,101 U IIlI UIII.III or
PllDlIIIJ:, I,l _ 1 Ill! GIN
' ''''' rJl-1Z~ rao ....
~~_...~--

RECEIVING TUBES
OVER 3000 TYPES INSTat
AlsohOI" d·lo·llnd lnnsformers.a
tors illd parts lor tubeequipmtnl.
~ SU I(J lor our32PIt}t Cilllo

ANTIQUE ELECTRONIC SUPPI
6221 s ~ple A", -rempe.Al85283·602-82O-!

WIRl l l U CUll • 1f1$ - JIlNll$ • _ _
UIIr. IIotlIIOooo ~I'l · 1__ U JIlZ.J I
• 55·ChanneI D<sh Syslom SHI9!l5
•~ l)sh System S149 96
• 2Q-.C/IoMeI [)sll $yslem $12495. -.. _ ...&01_.._ ... Slo

: e::=~~-­
PlllUJPS-TEat B1CTIlOIIICS

""::~:;:" -ll. " IUJ . $CIltSdIIIl, Al~-r till21 M J·t1CIOIU/IO Cl_ .. _ ..._ . ....__. ao••_ _

DESCRAMBLERs.conwrterl , 1 plec. com­
bo.. 85XX Sl89.00 , DP\AoS $179.00 , Tocom VIP
$250.00. Zllf\llh $19'i1 .00. lUll _rBnty. bUlle'
proof. S.A.C. 1 {I OO) 622-3199.

TEST equ ipment~ now 81 aliotdable
pnces. Sig nal gen eral ors tro m $ 5-0.00. ee­
c::illerscoPeS holl'I s.so.oo,0\Ilerequipmenl includ­
ing ma nuals avaIlable . Sen d $2 .00 U.S , lor
c al alog retunded on Illst orde r. J .B . EL EC·
TRO NICS, 3446 Dem pSler. Skokie, IL 60076,
(708 ) 982 ·1973.

JERROLO Impulse dig Ital ccewe rter, Upgrade
your 400 -l5O un" to Ih.s laleSI sySle m. (2 12)
898-8819.

IS ~ 1rUl!.•• Jeeps lor $.«,00 through tho US,
go'il? Cal lor facts (504) 649-5745 est . S·5192 .

CABLE TV DESCRAMBLERS*CONVERTERS*
andACCESSOR;;;I~~~~~

BULLET p rool deSClllmbl ers·con~erlers. all
makos. best pr;eos.el amplos Sla room6 $179.00,
Oak RTC-56 $109 ,00 Tocoms. Zonlltl. SCiontrhc
Allanta. IIl stoek. lull warranty, KABLE KONNEc.
noN (702) 433-6959,

PCB : Printed circuit board art work made 10 yoof
spedhcalJOns ploll ed on transparency, MUlti layer
and surtaoe (:OIIllOtlIIll1 eapable. CirClMI board
production availab le. tree estimate sen d seho ­
malic 10 NEGRON ENGINEERING. 159 GarfiIIId
Place , 8rtM;ItJyn. NY 1121S. fall (718) 768-4028

PLATED ltvu hole pnnlel3 0rcurIs. $25.00 rrn­
mom. f ast turnaround , fpr more IfIIormahon cal
A.P. CIRCUITS. 14(3) 250-3406 or BBS (403)
29 1·9342 re.n.u

PANASONIC.JERROLD. OAK.
PIONEER. SCIENTIFICATLANTA

ANDMORE.l.CM'ESTPRICES. FREE CATAlOG.

c~~'ii:"N'v"" (800) 234·1006

CABLE tonYer tllf S, Oak ATC-56 $99 .00 . Jllfrold
DPV·5 $159.00 , ZeOllh 1086 $2 25.00, Tocom-VIP
5 2 5 0 .0 0 . $. A. 5 S - $179 .0 0 . H a m li n
CRX·66003M$99.00,SvtYania 404O·0 1C $79.00 .
all makes In slock. l ully euuet proof, MOUNT
HOOD ELECTRON ICS (206) 260-0 107.

1-800-835-2330 :::;..•.::..::"m'
CATAlDG

1-800-327-8544 n~__.~...-_---_.....--_._._---....
----~_ .._. ~-- ._-- ..-.._-----

CONVERTERS OescrambillfS, Jerrold Slar·
com 6. S A 85XX, Oak ATC. TOCOrTI VIP. Zerulll,
all bullet proof, IOWMI pnces. best warranty.
C ,O.D. o rders welco me . ULTIMATE CABLE
PRODUCTS. (702) 646·6952.

Go to the

NU·TEI{ ELECTRONICS
3250 Hatth RD

~'-k TEXAS 78613

JERROLD. Toc:om an 4 Zenith " l U i" eh lp • .
Fully a el l n laa u n it. S50.00. Cable d.·
.tra m blerl I rom S40.00. Ordera I (800)
452 ·7090. IJ'lforrNtlon {310) &6Nl081.

TUBE S, new. lip 1090"'- oil. SASE. KIRB Y, 298
'Nos! Carmel Otrw. Cannel , IN 46032.

CA BLE TV Eq ulpmonl. Mosl typo availablo,
Special: Oak U35B S39,95. No catalog. COD Of­
dIIfs ody. 1 (800 ) 122·9955.

8OCS 2 -Basic micJooonll'Olllr tJ:)ard . Basic in19l"
praler. 32KRAM. 16K Eprom. Eprom prograrM'i&l.
RS232. elpil"5lOn COI'\l"lllCtOf. Ba re bo<lrd Wllh
manual . sc:Ilemabcs $22.95. SOC52-BasIc rrlCn>
processor cllio $25.95 Assembled and lested
$124 ,95. PROU)GIC DESIGNS. PO 80. 19026.
Baltimore. 1.40 21204 .

TOCOM-Jerr o ld Impulle·Stlenllf lc Al lanla
Converters. two year wafla nll&S. also lesl m0d­
uresforyour converters.Conlacl NATIONAL CA·
BlE. (219) 935..\128 1ulldetails .

FOR SALE

PROTECT you-se/Iand equ ipment hom eloclrical
shocks . Complele um! $98.95. SA FETY·UN·
UMlTED. 1743 Bald WIn Road. Yorklown , NY
10598 . S H $5 ,00 ,

CAB LE deleramblerl' Build your own de­
SoCfambler lor len ' lIa n $12.00 in sewn easy
stops. Compl ete lOstruc hons $10 .00. Rad iO
SIIack parts list and l ree dOSCf/ll'llblinQ methods
t!IaI COSI nothing 10 Iry IncIucled , HARAYWHITE.
PO 80. 1790 . Baytown. TX n 520.

T.V. notdl lllters. phone tIICOfdIng~t. bm­
ctvJte $1.00 . MICRO lltine. Bol 63 6025. Mar.
gate, fL 33063. (305) 752·9202.

TU BES: ··ol dol l ." " 101011." Parts and ecne­
meuc s . SASE lor lists. STEI NMETZ. 75 19
Maplewood Ave., Hammond, IN 46324.

RESTRI CT ED lochniClI1in!orm ali on : Eloc l ronic
surveill ance, sche malics. locksmilhing, covert
seeoe es. hackIng. etc. Hu go seteene n. Free
brochures. MENTOR·Z, Orawer 154 9. Asbury
Park. NJOn12.

SPEAKER repaif, AllmakOS models..Stereo &
protessionat. Kits 1I"4lIablII_ Reloanw1g $18,00 ,
ATLANTA AUDIO LABS. I (BOIl)568-6971.

ENGINEERING software and hardware. pC!
MSDOS. Circuit design and drawing, PCB
layout. FFT analysis. mathematics, circuit
analysis. etc.Dataacquisition. generation,
110 PCB's,etc. Call orwriteforfree catalog.
(614) 491-0832, 8S0FT SOFTWARE.
INC., 444 Colton Rd ., Columbus, OH
43207.

>- The Most Complet. Un. of Descram&lers
>- Fri. ndly, profmlonlll IImll

94



\ 'TOLL FREE ORDER LINES ii.

":<1-800-826-5432

MOTOR SPEED CONTROL
AND TIMER

--"'"",__ 'tom ,
~........J.,.u_.

~on 3 Vdcl.

l.Isuu... 2'12" X l',.".
ld.-llot ..- as • • ,.-,
...,;"g~Of-e.n
~. 1rIclu:s. .............. cbgrwn.

CAT" FSK-l $3.75 -=h " ' 0 .... m .oo
100 .... S32S.oo

FLASH UNITS

Sin: 3.810X
l ' X 2" ~igh.

CATt oc.-12.."...

Willi • mi m 0/
. .. emaI wiri ,,,.
PC t>o.td ";1-.1'01h_"'"""";II... ala 120 Vac
_",,<Jlt.-Ii:>.:l
"" 10 :JOO.r.a. WI-.
~. lorlo.20OtCO_Ot

""'*"""'-'1_ high. I"ed;"m ..Iow~. To oin1>MY
hooll~ _ ,eco.,•• ld l/SirIg our.......or- k&oypad.

CAU KPM·1 2 (S125 -"'I whicI\ wi".~hllnI:>difiea.
lion, -...orka -n ......h ' hi. d..".. Inatrud ioM ind..ood.

CATlIISC-5 $3.00 each

£po.,~~Ialed __ o.uwIl' lor "" 10
:2mW"'-' . 112" X1112"X 1 7118".
~:OVdc. I ~. CMpuI.wting~:

7101 .V. ~«iftg-':I ,'101.$.V

~","",-"":. IoSmo\. "-...:I
Cl.2!iO qudo..........,. Iort,oulpuL

Cob<~ -...n tor inpI.(.
CAT U .f'S.l m .DOe.a:tl

e-~ . o..c- I'Hc:-. •F_ !ihippirt(J

ALL ELECTROniCS CORP.
Mill Old er Electronic Parts And Supplies

P.O. Box567 · Van Nuys. CA9 1408

LASER POWERSUPPLY

1oI .............. 1_~~. 1dMI 1ot

~_0I't.ck-14'_1or~
...-0. aa.- __~ in atlJ~

6 VOLTS @ 1.2AMPJ1oIOURS

RECHARGEABLE
Gell Cell Batteries

JEIUoIS '__ S, (, ,,,,~_1wtdIroQ

bo"lI'lO..--..uIUSA SJJOp.r_. ,u-..s
.-vAl(HtFR.~_P.'U~

,u" ..........,.Io CALFORmA _ ...".". ....."Iu (1 .25'" 1,5"'- 7.15'" , .25~ .5~,.e:---
limhd NOC,OO Pnotu II> ..........._

lorrt90r r
FREE 64 Page catalog

{OvI-'de TM U.S.A. s.nd $2.00 ~.g'l

ALL ELECTRONICS CORP.
P.O. 80Jr S07 · Van N s CA ·9t408

1-800-45-TEACH.

REACH
FORTHE
POWER.
TEACH.

•• U> II8nd for Ihe W- oopy 01 th o 0­
Conaw:Ier Intoml&tlOn~ It ua. ""'"'
Ulan 200 trw or' Jow_ e::rvwrnmen'
publ1ca.tl.oII.I. Send your' name &nd address W:

eonaumer lAto........Uo.. CI"I~

Depa.rl.>n. .. , TK , h oblo , Col orado 8 1009

U.S. O<lne t'lll Sot.......... MmLnIMI'&UOn

The Time Has Came...

Rec ruiting
New Teachers. Inc.

"'II
~~

No other profession has this power.
The pOWer 10 'MJke up young moos, The
power to v.oke up the Y.Ofld. Teachers
have that poeer Reach lor it jeocn

For information c all:



CABLETRONICS

CONVERTERS
1-4Unl t. 5 Unit. 10 Unll .

• Pr;t&A
• ZENITH

·"'"._'"
• !lASE BAN)
• rncoM
• SQENWC ATUNTA...""'"
WORLDWIDE CABLE

vc z coo /VtSA
NO R.0Rt0A SAlES

$88.00 $75.00 $70.00
$79.00 $69.00 $65.00
$25.00 $19.00 $15.00

PANASONIC TZP 145
STAR GATE 2000
' HAMLIN MCC 3000

ADD-ON DECODERS

96 L- ...J1

CABLE TV coovenOf1: Jerrold. Oak , $cien tllic
AUant,c, Ze nith & many Olhors. ' New ',lTS- stereo
add-on : mule & volume. Idoal for 400 and 450
ClWnllfsll (800) 826-7623 , Arnex. Visa, M.C ae­
cepted. B & B INC" 4030 Beau·O·Rue Ori-.e
Eagan, MN 55122.

ELECTRONIC test equipmenl and pans. Fret'
catalog. EF ELECTRONICS, 80x 326. AufOl'8. 11eose,.
CABLE TEST CHIPS. S-A 8550. S-A B500 ­
310. 311, 320 , 321 (spee lly) - $33 .95 . S·~

8580i338 - $69.9 5. TOCOM 550307 VIP­
533 .95. Starcom 6 - $3395. 5t a'com 7 ­
549.95, TEL ECODE, PO Bo.x 6426-AE, Yuma
AZ. 85366-6426.

ANTIQUE RADIO CLASSIFIEr
Free Sampl eI~

Anl iqua Radio's
largest Cireulation Monthly. e 0

Articles. Ads & ciassaees. •
6-Month Trial: $1$. 1-Yr: $27 {$4ll- 1st Ctass
A.R.C.. P.O. Box SON.9, carlisle, MA 01741

PREVENTdnerflmbler clemage. Don'1 bit. t ho
bu lleUl Snooper Stopper Data PIllse Blocke
$33.95 . wiIIl &.gil f'roledJon $44 .95 ... W <rele$
VIdeo Sender 554.95. va, 111lOO)92So942f:i.

CABLE TV desaamblers! AbsoluTely lhe~
prices!All major bla nds. Nobody beats our c re os
CAB LE PRICE CLUB, I (800) 377-9142.

1 800·772·3233
1291 A POWERLM: ROAD. SUITE 109

PO MPANO BEACH. fL 33009

CABLE TV Mer5. cytind&r type. The be$1 made_
AI chaMeIs available. Low eoces. OuarIbtydis­
counI$. ea_1 (800) 643-9170 exl. 170.

OESCRAM BLER S and 1ufTH)fl kItS-. 1'108001'. no
calalog; ju5t the best pnces! We'1l beat any leg~l­

male prtce - cali fordetails. (407) 852·9576 ,

300 El per lmonlers Clreu ll . Complete In 6
pracueer boo ks uSing diodes, rolays, FErs,
LEOs. IC 555'5. and tc CA3130s ror building
bloc:ks.Only 533.00DlusSS,5O forstvppng. USA
and Canada only. us funds, ETT. INC., PO 80x
240. Massapequa Pari<. NY 11762-()2 -«l.

aoaow. _ ~ .
_ pod Lr·o.dd........,j .....
.... to: C kh... ' SCET.
V' M ....._IW"l'. Fon orth•
TX 7~ 109 n... lISt 'ndo
m lUum.", , . <lIKk . ""h
;'~m. .. · t.... the b.., in...
ho,~ th o po rta for ,...,. po••
,....to. b 'Dod ,.... 1"1
u ..u t«l pno...., .....
"Il.l ,.... k <hi. <OItI peIt,
wrtlo 8«..... B_
B~, '"

CONSUME!3o - -~

R :-~
~ ~.--.:
R _ 1- ~

s... 001><I...... and d>c>l&I
TV ..... -.-. aad ·
~.._ totuetw.to ....
poir tho" . 14·,..h;o.-...l ,ut.o
'~ ..\.O.r>d ""l ui"" poociool
' nn"'.... f.r lit. ........ ttoth·
n~.., .. "' ..." k.o "" lh....

Onl, er.w...."'. h••• l .
........~ _""""" '"'"
r...l ~.""....,. eloo<t.__

but t1~ ,....... ..... tho 'n·
~-,~~.

_~T~

lcrr' bo-pa ...-.. ,r.c.-
... _ "" qu.•My ........
<octI.Don.ofIo aad It- '" ....
duoUy , T• ....,. tho CF.T cIK.
<gMt ..... lo<hni<i.>lno m...,
ho~ rOIl' ~.,. "PO"'~
. nd paul fltldou...,...,....
on K<'""r-ol . Io<tnm;n.nd.
' P"',II<: .....3 of ..,pert........h
........ lOor TV .

Many """*" 10001< ' or .
C...,fIo,d F:Io<t T-.
...... ... tlw ohop . hen tho)'
......d ...., olo<tI<II>OC ,.............
_e--a-...,
A _ d>od.4d ~...................., ............

""."., ~ ~

M _ n -.etronic _ Ip­
menl ....,. IS dio;Iitel TV.
c>r1Ol..---...tt>e ..
peirecI by -'-"" Ir.......--

$239.00
S249.00,,, _
521S.00 1r

$89.00
$99.00
$3 0.00
$44.00

TO TAL

PI

52 49.00
$259.00
$225.00
$105.00
$115.00

$3 5,00
$44.00

PR ICE

OIOe<liIC... d

Add ~"

TOTAl

sua TOTAL

SIIipping Add

!.OO P el unll

$50.00 $45.00 $43.00
$45. 00 $39.00 $3 5.00
$5 6.00 $50.00 $4 5.00
$65.00 $55.00 $5 0,00
$49.00 $45.00 $4 0.00
$49.00 $40.00 $35.00

$165, 00 $149.00 $ 1 25.00
$159.00 $139.00 $125.00

OU TPU T

H

COMBOS
$299. 00
$3 19.00
$299.00
$165.00
$175.00

$45.00
$50.0 0

'"Refurbished 8SNew

",.CTY

(:alil","I. P ...,. Cod_ " 5$3.0 FOtDlds uS from

IllIPlling any cabl. ducrambllng unit to

anyone ,n ldlng In lIIe s l&t. 01 cal l1o<nIL

Prloes subJe<:IIOchange IM lIIOUI notice,

Please Print

S6 ·3 (NEW)
"S8 ·3 FACTORY
SA·3
DTB· 3
KNI2A·2 or 3
'"HAMILIN ML D 1200-3
-zENITH SSAVI
SA-OF

JERROLD DPV7
JERROLD opse
sssseo CO MBO
"JERROLD ORX· 3·0IC
JERROLD ORZ·3-DIC
· OAK M3SS
HAMLIN SPC 4000 3M
ADD $10.00 FOR VAAISYNCH

._.
~ns ~~

ew. lip T.q I
o Ca. hler·s C/Iee~ D ~OIl ey order D coo
D VI. . D~c CC' Exp .Dere

DECLAR ATl ON OF AUTHORIZED USE· I. lIIe undenlgne<l, do " "'eby de<:le, e

~ und", penel ly 0 1 pe' Jury lIIel ell p ,o<luet1l pureh e..d, n..... end In lIIe rutu,e.

....Uonl, b. u..d on TV Iy. t..... s ""til all appl lcabl. ' ed..., end Il&te'8*S,

.8 FEDER..... AND VARIOUS STATE LAWS PA OVIDE FOR SUBSTAN TI.....i CRIMINAL AND CIVIL PEN.....TIES FOR UNAUTHORIZED USE.

<: D. te S1~edl _

~ -
'::: Cabletronl cs
.~ 98000 Top anga Canyon Blv d. , Suilo 323.
e Cha.tsworth, CA 91311
g For Free Catalo g. or to place an order call
m (800) 433·2011 • FAX (818) 709·7565



FREE CATALOG!
1-800-648-7938

ERROLO HAMLIN OAK ETC

CABLETV
ESCRAMBLERS

• Sp«;i.aJ DH_ Price~
•~ fU lsw FleW Ptica!
• Gtl'ntnhNd Pr;ce:t &~
• awn Shipped Immedialelyl

REPUBUC CABLE PROOUCIS. INC.
4080 ParldlH Rd. ' 15, Dept REllWc:"

LQ veou. NY 891!la ~
For a l OIlier inlonnaliewl t702l 362.!Hl26

''''-__~:.n---llooM&__..
-.. ..a...... t-.._oo, s"e KJW.;q .... _
....... ""'!eM Ill lQI'IlolV_ _ o--.;"" '._ .. ,.._ ...._ S,.Il_lIOS_.e
_s.--_1liOI1'21l~""11Jt1l.''''__1Iq- ....,..- ....._....._~....,.­
~ .._-...,_1'ot.._~lt

•
• CABLE T.V. BOXES - ALL TYPES .
" LOW PRICES - DEALER PRICES •

.... ACE PRODUCTS ....
• 1 -8 0 0 -23 4 -072 6 •

EASY WOOl ! E.ee~l pay ! Assemble pro<luets ar
homo, Call loll lreo 1 (800) 467·5566 E.l. 5192.

HOME assombly wo rk available ! Guaranleed
easy money! Free details ' HOMEWORK_R. 60 .
520. Danville. NH 03819.

MONEYMAK ERSI Easy! OnernanCRTrebuild­
11"9 macl'Mll(lry. S6.900.ootebuilt.SI5.900.oo _ .
CRT, 1909 Louise. CrystaIake. Il 60014, (815)
477·8655 FAX (B15) 477-7013.

MAKE $75.000 .00 10 5250.000.00 yearly or mcwe
Wng IBM c:oIor moniIor.;. No imestmenL start
doing ~ from )'01.- home (a telephone req.medj.
Inlorination. USA. Carl3da $.2.00 CiI$h lor br0­
chure , 0CheI" COU1lnes $10.00 US 1Imd$. RAN­
DAL.L. DISPLAY, 60. 2168·R. van NlI)' s. CA
91404 USA. FAX (81B) 990-7803.

EDUCATION & INSTRUCTION
F.C.e. Com..-clal~IRadloleltrphone lI­
cense. EIeettoroes home study, Fast , lI'IlI.pen­
siIIe! "Free " detailS. COMMAND. 0-176. 60 •
2824 . San FIlll'IOseo. CA 94126.

EL.ECTRON IC englnee=ln • 8 'o'OIumes com­
ple1e.SI09,95. No pnor fflqUlred. Free
bIodlure. B ANNER TECHNICA BOOKS, 1203
Granl Avenue. Rockford, IL 61103 .

LEARN elecl ro nlCI and dig lla l basic s. Pro.
gra mm ed cou'ses. $17.00 eaeh. bo lh S29 .00 .
Sanstecuon gua ranleed , TEK SOURCES, 6050
NW 68th $1., PatkJal1d. Fl 33067.

BUILDING ARoboe: A SllaigllUorwa,d ADofoach,
152 pages lully IlIuSlraled. InSll'uCIll)ns hOw you
can easily conSl,uet a 'oboe. Chock or money
orde,. $19.95 plus $3.ooshlpp;rog. HUM ANF ORM
ROBOTIC S. PO Bo_ 158486, NaShvill e, TN
37215.

WHY Buy e. pe...sfV'll ba"erlel? l.um how 10:
salvage wluaIIY free l1!dIafgoaDlenoead ban enes
from def\n:;l ballet)' packs. Use these .eeIIs .,
racsoos.llashllQhlS. Ole. SASE brings details. DAY
BY DAY PU9USHING. 80. 490. Overlon. t(II
eseao.
MINIATURE gambling COmputlll . Play pert eet
bIac:tqaek. dock lOUIet1e wh&els. etc. Flee infof­
mabon . ALT ENTER PRISES, 80. 424, Portland,
OR 97207,
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INVENTORS : We 5Ubmd ideas lo indUS!l'Y. Find
OUIwhal we can do lor you. 1 (800) 2ll3-1OEA.

INVENTORS
INVENTORsrCan youpaten and pro'" 110m YOU'
Idea? Call AMER ICA N INVENTOR S COR P. 101
free inlofTl\8hon. Serving inI'Of1!OfS since 1975. 1
(SOO) 338,5 656.

WANT ED

BUY BONDS

MASTERCARD AND VISA are now accepted
for payment or your advertising. Simply
complete the form on the first page ctihe
MarketCenter and we will bill.

BEST BY MAILA.'."WrI'. Hl lIonl l 8015 S. ,• • O' " fL ).tuo
Of INTEREST TO ALL

... ... ...... PRESENTlNG ... ... ... ...

CABLE TV
DESCRAMBLERS

... ... ... SlARRING ... ....... .

"'RROLD, HAMUN. OAK
iUIIO0_.,"""'OUS-.....-~."

• 1. ..U l ~ANTY f'I'OCiolMA~
" lOAIrJT~1\U4CllflAlL~ .....s
" 0.CfJISSt-..u>fIllJlolSllXlC.....,....24N1S
• AU~ C"£()rf CARDS.ocn".ro

fOR AU INfORMATlON

'-IOG-l n-8911

ELECTRONICS deale rs : Expal1d yol,I ' product
lill(l Make su r Become an AMERI CAN ELEC­
TRONICS denio" Profll oppo rtu/1lliO$ srrco 1965.
Call SCOt1 Pruett. 1 (800) 672·1373.

LEA RN QOId. silver. pla llnum scrap IeCYChng busi.
noS$. (F'"ree) lntolJl'lalicl>'l. Wille : RECYCLIN G.
eo. 11216PE. Aero. NV 89 510·1216.

SATELL ITE Tolevls>O n, A new money mak i"'g
business, A 4 hoo' ins lall makes appIO.rma1e!y
$500 .00 and seMce rates _ago 55Ooo'hr. E•.
eellent pan or lull l ime roc:ome. Get started. send
lor )'01.- tral""ngkit$ today. Home Saletli 'e TelfM­
5ion kit $39.95'. CommefeiaI Satellle lui 549.95.
Orde' both 10reelIIve.,our lree videoafld supplles
li$l S,B.a. ENTERPRISES. 80 . 76051 ShawWIe
Blvd , SW. Calgafy. AIJerta . CanadaT2Y·219.

f REE PROfITAeLE INFORMATlOft: ' ...... l~R£)
A_ G. FOIl ......,,-. ' A 52a21.

HERBS ' SPICES
HUas., SPICES. SASE:: Hili> SInH. 10321Mng Sa.. Boo
~REt $.In F, CA \101 122.

BUSINESS OPPORTUNITIES

SATELLITE TV
: REE catalog Lowesl p-ees WOI1dw'do . SKY.
lIStON, 1012 Frontier. Fergu s f alls, 1.41\1 56537. I
800) 334 ·64 55. See full pago ad tho Shopper""""'.
' ATEWTE TV Do ~ yourself major brands
hscounled....·11 beat everyones cece. o rs .
: OUNT LARRY (609) 596-0656.

flDEOCIPHER II. deser.mbling manual. Sch&­
nates. VIdeo. and audIO. EKplaJns DES. Eprom .
;k:loeMasler. 3Muskele er. Pay·per'YI(lWIHBO.
Alem.n:. Showbme. Actuft. etc.) $16.95. $2 .00
1051.go. SchematiCS lor V'deocyph.er Plus.
;20.00. Sc:hemalic:s lor~ 032. $15.00 .
:ol'1flCbon of sohw.lr& to copy and alter Epn;wn
odes. $2500. CA8LETRON"ICS, Box 30S02R.
Ielhesd a. MD 2082 4.

iUPER low satellitecoces. Free U.S . and Inter.
.abOnai cala«J SATMA N, (309) 692-4140 (Int'l).
(BOO) 472-86~ In U.S .

'OUR ow n l adio slahon ' lic ensed'unlice nsed
1M. FM. TV. cable. Inlormaliol'l SUIO. BR OAD­
:ASTING. 60 . 13(l.Fll. f'alad lSe. CA 95967.

.ET !he OOWInmeol hnance)Qll"small business.
irants.'lr;lans 10 SSOO.OOO. Flee I'eCOIded mes.
age: (707) 449-8600. ( KS1~
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Viejo l'ublif'oIlitln\ ....

To:-Unonh. . . .

Th e SI' EC·CO :'l1 Journa l 8S

Tb...S<-bo,, ] Of VUl Rl'palr .... 8S

TKb Spra) . . . • . . • • . • . . . . . . • . 2S

c.m ....e .. Pvbl lc:.lltlona.lnc.
soe-eBI·Cou nty Blvd .
Fa nnlnod. t., NY 11735
1'( 5'8) 293·3000
PreMl""l: Larry St_ .....r

ADVI.RT1SING SA LES OFfiCE

SubKriber eo.......... Senic:.
1-800-288-0652
0 "'-" Entry for ,"w SubKrilM",
l -llO().999-7139
7:00 AM · 6 ,00 PM M·f MST

MIDWESTn ...a1Atltan...a10kl• •
Ra lpl'! Bargan. M id-.I Mverti ting & Ie1o
Manager
Ele<;tn;Inic:. Now
One Norlhlield PIau. Suit" 300
Northfi.ld.lL 60093-1214
1·708-44&-1444
fa>: 1·7(18.5594562

For Ad..-t1al"'l O NL Y
5'8-293-3000
F• • ' ·5 18-293-3"5

EN Shoppao-
Joa Sh.... NatiONI Rep '..enllo~

P.O. eo.. 169
IdyfIwild . CA Q2S41il
1 .71 4-65~0743

fa>: 1·714-659-2 469

PACIfiC COASTIMov....ln Sta_
EJacb'onk. Now ".pd_
Pa"'" Ku.ter.....".,
1800 No<th H;ghland ...... n...
Suite 717
Hol lyowood. CA 90028

AOVERTISING SA LES O f FICES
EA ST/SOUTHEAST
Stanl.y L_ ltan, E.,tern Mvertiti ng & 10
Man.,--1 Owriook "-.
Groat N.d<. NY 11021
1·516-487·0357.1·516-293-3000
fa>: 1·516-487-&402
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Radin Sback . . . .•. 30

Sl'o!'" Klectreuies .. . . . . . 17

Granlbam Cu lll1l.r 60

GI"h,d SIH:daltic\ . . . . . . . . ... J

Se ncore • • . • • . . CV ""

Sta r ('I~ull~ 117

Pl'tlplr 's Cutlt'l:l' ..••••.••. ..•• 29

Flu kl' :'Ilanu facturin l: •..•. .• C V2

Fnrdhllrn . . . .. . . . . . 17

Eln:ln lflin Book nllb .•••.. 7. 110
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Allplimlrl' S,'nice 1l7
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7th Year in business. Thank You
Member o f Omaha Chamber of Commerce
1 Year warranty on new equipment
30 Day money back guarantee
Orders shipped from stock within 24 hours

All major brands carried
-J ERROLD, · TOCO:\f. · ZENITH
- GENERAL INSTR Ul\fEfI.rrS
· SCIEl\'T IFl C AT LAl\'TA, · OAK
*HAMLIN, - EAGLE, · PIONEER

.. '- ..J

~J CAl l TODAYFORA FREECATALOG

. 1-800-624-1150
~ ':3Q = IT I C.O.D.
.13 X"-0MC'fe,
~ R ~n Q 0
~ E M:D:'EIiECTRONK:Sr
w ~ ~ llT5SO.72ndSt

Q"~_ .~l;)- Oa\;lha. r.'E 6&U4
"'0'140'"

ClRCU 53 Ott FREE INFORY4l1OH CARD



Councersurweillance
rever before has so much
rofessional information on the art
f detecting and eliminating
lectronic snooping devices-and
ow to defend against experienced
itormstton thieves-been placed
lone VHS video. If you are a
omme 500 CEO, an executive in
ny hi-tech industry, or a novice
eeking entry into an honorable,
~warding field of work in
ountersurveillance, you must
lew this video presentation again
nd again.

W;,ke /lp: You !O ;ly be rhc victi m of
olen wnrds-pn'(ious ideas t hat wou ld
lVC made you \'c r~' wealth y! Yes, peotcs­
011<115, even rank amateurs, may be lis­
' o ing to yo ur mosr priv at e C O I\­

-rsations.
mike liP.' If you an: 11m rhc vicrim ,

len you arc surrounded by countless vic­
illS wh o need your hel p if you kn ow how
.d iscovcr rclc phunr taps.loo::at,· hu ;1o: s, or
.wccp" a room clean.
111a~ is a th riving pml~ss ional service

ccpcd in hi;!!: h-wch tec h n iques tha t you
1Il become a pa rr ()l~ Bur first, }'IIU m use
now and understand Coumcrsurverlancc
:c hnn logr, Yuur \'~ rr titst insi;!!:hr inro
lis h ighly n:wilrdin,L: field is made po ssi­
lc by a video VII S pn-scntation that you
mnor view on b rt);ltkast te levis ion , sat­
lire , or (able. It pr~s l'nt S an inforruarivc
rog rem prcpnrcd by protessionals in rho
cld who k now thei r industr y, its tech­
iq ucs , kinks and loo pholes . Men who
III td l rou ll1or~ in '1'5 m inut es in a
I'J igh tfor w;lrd , ~xdusiw u lk than was
ler ar{("mptl·d h(~ fi)r,' .

!'l)iling In fo rnu t ili ll Thic\'~s

D is( ov <.>r th ~ tar,L:et s p ro fes si o nal
llKllx:rs s<:l'k Ollt! 11 1 ~ p n:)' an: stoc k
mk~rs . arhi t ra,L:l' tirms, lIl,ll1u(;LCtur<: rs,
1 9 h - r~ch l'I1ll1p,m ies. a n}' (omJle t ir i v ~

ld ust r}'. o r l'v~n srn;l ll ims inn~ss~s in rh~

Im~ (Ollllllunit)" TIll' v,L! lwb ll' int'JfI11a­
on r h~y fik h nM)" h<: lll'lrk <: t ing stw t­
~i <:s, (u s t lHn~r lists. produn (ormulas,
mnu(;l( t uri n,L: fCdHli( I U~s. ~v~n ad\'~ r­

sin,L: pl ans . lnl< >flll;L ti ull t hil'Vl'S ~;lV<:s­

ro r on Ul u n d,·r is iu ns . h ithl ing
l(ormatlon. finan( i'll da t,1. Th l.' list is
nlim ite,l in t he m imI of m J n- es­
c( i" lly i ( Ill' is ;I I h id~

'l~ lU know tl Mt t h~ Ru ssians s~cn· t1 r

lS!;lllt'd COl.nlleSS m it rtll'h une s in Ih~

lIlcre r ~ work of r h ~ A,m 'rican Em bass)'
u ilJ in,L: in ;\IOS(l)W, Th~ }' ( oll v<:rtell

CALL
NOW!

HAVE YOUR
VISA or MC CARD

AVAILABLE

wha r ..... (S to he an t'm l);!ss)' and prjvatc
residence into rhc most sophisticated rc­
( ordlll}; s tudio the wor ld had eve r
k nown . T he bui lding had to be rom
dow n in order ro remove all the bugs.

Smlcn ln formarion
11)(' tlpl.'n u ps from wh~k the in fnrm n­

non pou rs our may be from fA X!;. com­
purer r urrun uniranuns , tel ephone calls.
and eve ry da y bu sine ss mc cnng s a nd
lun cht ime erKOU IH~ rs, Businessmen need
ro u n,elli ng un how to d im in;lre this in­
for mat ion dra in , Basic n-lcphor n- usc cou ­
p led wit h rne user's und~r sr.mding rhar
som l'Ont' nu r hc: lisfl'nin }; ur n:rorJing
viral <!.lfa all,l in(orll1>l r illl1 ,L:rearl)' rt-du(es
t hl.' o ppo rt un it r fur o t h~ rs to purlo in
rn<.'Jn i n~ful inl<m n;llioll ,

r-----------------------------,
CI.M;('K I:\"C EN
p.o . Box ·W ') ') • 1':lrm;" lo:tl:I!l', :'IiY 1173 5

rho.." , ,,,,,, "" ' ''pi ." II ,,·( ''' '''' ' ''''' '' ' ',11,,,,,,T...h",~ ."-,.

1·;,1....VI!'t . . ...",' 10" .. ",,,I , ..., ,,' '" ' I~ " ><'h ' '''hi' 'h

"" h"ho. ', ,., I~ """" " "Ih..",", ,,~ >

~ " " f<: • •". " .::'~""~'J' "~'~' ~~~~:_, ,," " " " " I p""".", ,
" I",,,, '~ y-,- ,,,'IH
1'"" 1",,,1"" ',1
H,II n" C 1" .1 0 \1"'"" .." I
' .. ,,1...., _
h pH" n ...,__ , __

.•11 1....""-"',,"1 .. ' ,,,,,,I•• .•",..)..", ."'1"'.' 1".", 111'
" ." .",- ~" " ," " ~" , ,"k- "L _

'Il l" I' lllft'ssiollal dis cussions seen 011
t he TV scree n in yuu r home reveals how
to dcrcc r and disable win-raps, midg et
radio- fre que ncy tmnsrnirrcr s, and orhc r
hugs. pl us when to USl.'dis infoemarion ro
confuse rhc un wanted listener, and the
techn ique of voi ce scra mbling rclephunc
communications. In fact , do rou know
how to I(K)k for:l bug . where to look (or a
bu ,L: , and wh at to do whe n you find it !
Bu~s of ;1 \"~ ry sma ll size an: eas)" 10

b ui ld an d Ih~r ( all b~ placed quickly in a
matter of secon ds. in an )' objecr or room .
Today } 'OU may haw used a telephone
handset th at ....~IS bugged . It proba bly
co ntained three bu gs, One was a ph on)'
bug to fool you in to beli evin g you found a
h ug and secured rhc telephone . The sec­
ond bu p; p lacates rhc im·esri ga wr when
he finds rhc real thing! And rhe thi rd bug
is found ollly b y rhc pr ofessio nal , who
cc nnnocd to searc h [us t in ( ;IS<: t he re were
more bugs.

The professional is not without his
roots . Specia l equipment has been de ­
sig ned so rhar rhc ]lrllft'Ssional ran sweep
a room su rhar he ( an de tect voice-acri­
varcd (VOX) and rcmore-acnva red bo gs.
Some of rhis equipment call be operared
by nov ices, orh crs req ui re a trai ned coun­
rcrsurvcillaucc pr ofessional.

111<: protessionals viewed on you r rclc ­
vision screen reveal informat ion on rhc
latest tl.'o:: hn ologi o:: al ad van ces like laser­
bea m snoopers rhar nrc installe d hun­
d reds of (~~ r awa)' from the room rhey
snoop on. The p(()f~ss iollals d isclose that
com puters yield in (ormation roo easily

Thi s udvcmscmcnr was nor wrirrcn b y
a (,(lIHlI<: rsu rveill,lnu' pro f<:ssion al. but by
a h<:,L: inn u whose o nly experience cam e
(rom vi<:wing til<: vidl1J tape in th e pr i­
vary o( hi s hom e. A(t<:r you review rh e
\·iJ t11 c;lrl·ru llr an,l u m!<-rstan(l its (on·
tents . rllU ha\'<: t,lk<:n tlll' first im port ant
stq) in eit ht'r ' lO::~l tl i r i ng p rof<:ss!o nal hd p
with your s\lP..cill ;lO r~ pmb lcrns , or } 'OU

mar wr}' "1<:1 1( o nsider a career as a coun­
rersllrv~ ill arKl.' I'rofl.'ssiotJ;Jl .

T he D o lla rs You Save
'Ihobta in tht· infoflnat ion contained in

till' \' id~o VI IS raS'~ff~ . you wou ld a{{~nd

a p r< )f~ss i l U1 al "'m inar w sring .$ .1 50-7'50
an d possibl r 1"1)' htHl, lreds of do llar s mor<'
if you IJ;ld to {[a\'d to a d ista nt o:: iry to
attend . Now, (u r o n ly $49 .95 (p lus
$·i. oo 1'&1J) rou ( a ll view CQlil/lerwr­

l'eill" lIct: 'li:c!m ;qlll:s ar home and rake
f('fresh<:r \"i<: ws o(t~lt . 1; ) nb ta in yo u r
(Ory. clllu p ll'll' r h~ (oupo n or (all.
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