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The NewSeries10.
A Small Price For A Fluke.

New! Mill/Max record withretalivll
limestampandConllnully Capture'":
Makes intermittent problems easierto
find, Records highs and lows- and
"timestamps" when they occurred. In
continuity mode, opensorshorts as brief
as250 "'S alecaptured and displayed.

~"''' ,"10"'"" tmm.001",Fto 9999 f.lF. Noneed tocarry
adedicated capacitance meter.
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FLUKE .

Large. easy·to-readdisplay:
4000count digital readout.

Audible Continuity:
To performlast cont inuity
checks, just listenfor
thebeep: no need towatch
thedisplay.

CIRCLE 121 ON FREE INFORMATION CAR D

Safety- a Flukestandard:
Designed to meetUL1244,
IEC 1010, CSAandVDE safety
requirements; extensive
overloadprotectionbuilt in.

New!n7SHardPoln"" Test leads:
Comlortgripwithextra strcnuups
forextended servicelife.

Fast, aceuratetests
and measurements:

AC and DCvoltage
measurementsto
600volts, ohms10
40 Mn: audible
continuitytest;
anddiodetest.

Newl sueeswitch anda
lewpU shbuttonscontrol
all runctions: Designedfor
true one-hand oPeration.

Sleep Mode: smns itself 011
nyou forgel, extending long
battery lileeven further,

Flukequality: Made in theUSA by Fluke,
withthesameIUlIlIed reliabilitymarsmade
ustheworld leader indigital mcmmeters.
Count onhard-workinghighperformance­
andatwo-yearwarrantyto back il up.

Actualsize: Easy tocarry, \
eesv touse.~

Newl VChek'-:rortastaccurate
cheeks on power sources and
supplies, setyour meter onVChek­
and letit dotilelest. VChek Villi
determinecontinuity/ohms; if vollage
is present, it will automatically
change modes 10measure AC Of OC
volts, whichever isdetected. For most
iniHat troubleshooting checks.here's
theonly setting youned tomake.

Autorangingwithmanualoption:
Your choice. depending onyour situation.
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ON THE COVER
Ifyo u 've been s hopping a rou nd for

ca r a udio amplifie rs late ly, you' re
sure to have noticed that high perfor­
mance and high power are inva ria­
bly accompa nied by high price tags .
Ou r build-ii-yourse lf am p is the ex­
cept io n: It outpu ts 270 watts of
powerU 35 watts per cha nnel. RMS.
into 8 oh ms) with low distortion and
high output current ca pa bilities. Be­
cause the powe routput is in co ntinu­
ou s watts into 8 ohms. or di nary
home speaker components-which
are less expensive than 4-ohm
speakers-can be used. And if you
do opt for 4-oh m speakers . the am­
plifierwill deliver an asto unding 200
watts per channe l! For more infor-
mation, turn to page 31.

COMING NEXT MONTH
THE MAY ISSUE
GOES ON SALE

APRIL 2.

BENCHTOP MULTIMETER ROUNOUP
Our buyer's guid e can help you choose the right DMM for your work bench.

MIDI LIGHT CONTROLLER
Create professional lighting displays usin g the M usical Instrument Digital
Interlace.

BUILD AN ELECTRONIC ALTIMETER
Perfect for pi lots. mountain clim bers. and anyone interested in knowing
the altitude.

BUILD A MICROPROCESSOR DEVELOPMENT SYSTEM
Construction and operati ng details for the 1802 microprocessor
development system.
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Now, YOll Can Eavesdrop On The World, Introducing the new Drake R8 Communications Receiver.

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

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

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

no better shortwave receiver than the Drake R8. Out-Or-This-world Performance. The new Drake R8

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

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

important features you won't find on receivers costing hundreds of dollars morc. A mult i-voltage

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

noise blanker and passband offset. Non-volatile lOO channel memory. All designed to give you the best

reception with the least distort ion. Down-To-Earth Design. The ergonomicdesign of the R8 gives you

real ease of operation. You have convenient keypad entry, with large. Iegiblccontrols. Th e face is bold .

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

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

the R8 Receiver with in 15 days and we' ll refund your mon ey in full, less ou r original shipping

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

may be placed on a major credit card. $979.00 (Shipping and hand ling $10 in co ntinental U.S.

Ohio residents add 6 V1% tax .) Ca ll TOLL-FREE, 1-800-9-DRAKI':'1 today. You can' t lose.

=DRAKE.:.=...::=.
In toucn with th~ world.

R.L. Drake Company ' P.O. Box 3006 • Miamisburg, Ohio 453-12 U.S.A.
CIRCl£ ' 114 0t4 fREE IHFORIU.TlON CAIlO



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

World's s mallest infrared
antennas

Scientists at the Nat ional ln­
stitute of Standards and Tech­
nology (Nlsn in Garthersburq . MD
have produced antennas the size of
a single grain of sand . The sc ientists
believe they might have industrial
importance and might also help ex­
plain how insects communic ate.
The antenna development paves
the way for unique infrared detec­
tors that rely on antennas to " see"
images of heat rad iating from all
warm objects such as peop le. ani­
mals. and buildings.

The rmcroantenna is unlike con­
ventional communications anten ­
nas for ope rati ng at the longer
wavelengths that require larger an­
tenna s that might range in size from
1 meter in diameter (for radio and
TV broadcast> to 100·melers (for
deep-space communcrattons and
radio astronomy). The NIST "micro­
anten na" is only 60 micrometers
wide , about the diameter of human
hair. Yet it can effectively capture
the extremely short wavelengths of

TIN Y INFRARED ANTENNA deve loped
by NIST scie ntls l s Is show n next to a
hum an hair.
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infrared radiation . Made of gold. the
rmcroantenna can pick up infrared
wavelengths at one sixth the range
of previous antennas.

About half of the infrared energy
that falls on the antenna is delivered
to the detector at the device's cen­
ter. Superconductive material was
used in the development of those
detectors which are so small that
they cannot effectively capture in­
frared radiation unless they are cou­
pled to antennas. The goal is to
build an array of the microantennas
to provide an infrared image of ob­
jects within its field of view.

Scientists have long suspected
that tiny structures on certa in insec­
ts were actually " organic infrared
rracroantennes._. used by the insec­
ts to " see" in the dark.

Energy s to ra g e
breakthrough

Quadn Elec tronics Corpora tion
(Chandler, AZ) has been granted a
patent on a new enerqy-storaqe de­
vice, called "H ypercap." It provides
far more storag e than similar-sized
capacitors and, when used in com­
bination with CMOS RAM to pro­
vide non vola ti le me mory, over­
co mes many of the prob lem s
inherent in lithium and nickel-cad­
mium batteries. Quadri plans to sell
the product in an energy module
that will mount directly on a CMOS
RAM memory PC board to provide
power for nonvolatile sto rage.

Neither a battery nor a conven­
ti onal capaci to r, Hypercap has
some properties of both. According
to Quadri, the solid-electrolyte, radio
atlon -hard device can be deep dis­
charged and recharged tens of
thousands of times. It contains no
lithium or toxic chemicals and the
company says it will not outgas, ex­
plode, or ignite . The Hypercap oper­
ates over a temperature range of
- 55°C to + 125°C and is said to
provide about 100 times the energy
storage density of a wet -slug tan -

QUAORI ELECTRONICS re searchers
have deve loped a new technology for
h igh-den sity, radiation-hardened ener­
gy storage.

talum capacitor. Hypercap dis ­
charges at less than 3% per year.

Promoting amateur radio
A new educat ional program cre­

ated by Kenwood U.S.A. Corpora­
tion (Long Beach, CAl is designed
to encourage young people to learn
more about amateur radio. More
than 2000 amateur radio clubs in
the United States are being invited,
in a special mailing, to join Kenwood
in sponsoring a local junior or senior
high school class, scout troop, or
youth club in the Kenwood KIDS
program." Each club that responds
to the mailing will receive a package
of educational materials. The pack­
age incl udes ten copies of th e
AA AL publication Now You're Talk­
ing and the companion instructor's
guide, as well as a certificate for the
Kenwood HamWindows computer
program. According Tom Wineland,
Vice Pres ident Communications
and Test Equipment Division . " The
heart of the program is education ,
but we have built-in incentives for
both the kids and the co-sponsoring
c lubs . Every youngster who suc­
ceeds in obtaining a license will re­
ceive a $25 Kenwood gift cert ifi­
cate , while the sponsoring club will
receive ten $25 certificates for each
successful class. The participat ing
schools and club s can also win
com plete HF stations. R-E



WHAT YOUR TOOLS
SAY ABOUT YOU.

They're JUSt 4~ pounds. U.L certified. And start at $2450. 220 Seri~
handheld oscilloscopes-all with'Ieksexclusive IsolatcdChannel'"
architecture - arethe service rootsthe professionalsuse. Tberes OIlC

with you written allover it . To order. COntact your Tek representative
ordistributor. Or JUSt callTek direct: 1-800-426-2200

"ACE T ROUBLESHOOTER"
The 'Iek 222 ise'o'n}'thinga service SCqx' ought (0 be.
LighC"-'righr. Rugged. Fully programmable. Roatable'0± 400 V. Two channels, 10 MHz, AutoSetup and
AulO Triggtr make it easy finding troublt - fast .

"RUGGED SURVIVAUSr
Teks 222PS PoY.n Scout'" alTers thefeld-prccen per­
f~ri the 222,plMJ itSrated600 VAC. 850VDC
and 6 kV peak surge. Pefect for circuitmeaseremenrs
~uirin8 extra pnxC'Ct ion- anJ a
r<w oddiJ~8";."...__ -....

Tektronix
h SIandMeasurement

CIRCLE 176 O~ f REE INFORM" n ON CARO

"ULTIMATE PROFESSIONAL"
Heres the 0l'1I0'CSt bmilymember. the60 MHzTd..224.
hsasrugged, rehsble andeasy (0 lISt asthe~mthe
220Serics-andC'lumdtd band...idth makesit the logical
choice for computerservice professionals.



Whats new in the fast-changing video industry.
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• Wide scr e en TV a ge.
W idescreen TV is here. with expen­
sive sets ready to go, but very litt le
specialty formatted programming to
show on them, JVC promises to be
the first brand to offer sets on the
American market-although only in
toke n quantities- to be followed by
Thomson Consumer Electronics.
which will field larger numbers un­
der its RCA and ProScan labels.
Both brands will offer these wide­
screen 06:9 ratio) sets with direct ­
view tubes measuring 34 inches in
viewable diagonal. the equivalent of
a stretched-out 27·inch tube.

At our deadline. price s for the
United States hadn 't been revealed.
but similar widescreen sets on the
Japanese and European market s
were fet ching the equivalent of
$ 5.500 to $7,000 in list prices. Nei­
ther Thomson nor JVC 'I'o'tIS talking
about low pri ces, so it 's a good
guess thai the lags here will be in
line with those other countries.
Thomson, whi ch is making wide­
screen tubes at ils plant in Italy. has
indic ated that it s imported w ide ­
screen tubes in the United States
currently cost five to six l imes as
much as a 4:3 ratio counterpart .

• Widescreen VCR's. JVC has
developed a VC Rwhich can accom­
modate both widescreen and stan­
dard-rat io pictures, te lling the TV
set what type of picture is on the
tape. The widescreen pictures are
compre ssed horizontally, as co m­
pared with letterbox pictu res, which
leave a blank horizontal band at the
top and bottom of standard-rati o
screens. The recorders are in the
Super VHS format, and are already
on sale in Europe and Japan. Thorn­
son will offer widescreen cemcor­
ders in VH S, VH S·C , and Bmm
formats, but they will just have hori­
zontal strips masked off at the top
and bottom of the picture to provide
a letterbox format (they'll also be
able to record a standard pictu re).

At first, widescreen TV's will de-

pend on letterbox material for pre­
recorded programming (although
they can also display standard-for­
mat rnatenan. and Thomson says
some 400 movies are available in
that format on Laserdisc. Because
le tterbox movies occupy on ly a
portion of the picture vert ically, ver­
tica l resolution is reduced . The
Thomson widescreen TV's will use
the "double -scan." or IDTV ap­
proach, doubling the number of hori­
zantal lines, and also adding motion
compensation, while JVC's set will
have standard interlace and the nor"
mal 525 lines .

• HDTV worries. Although the
United States is only now involved
in test ing proposed hiqh-defmition
TV sys tems. all of the systems
which are serious contenders are
digital. As a result . the US has
moved from last place to first place
in the HOTV sweepstakes. Even be­
fore any dig ital system has been
proven viable, America 's digital ap­
proach has st ruck fear into the
heart s of Europe and Japan. The
Euro pea n c o mmuni ty had de ­
velop ed a gradua l approach to
HOTV ; the 02-MAC sys tem was
supposed to evolve inlo something
ca lled HD-MAC in direct -to -home
satellite broadcasts. They decided.
however. to make the transition op ­
uonel. so the new sys tem will never
be effected because of the reluc­
tance of satellite broadcasters to
convert to a sys tem that nobody is
equipped to receive.

In Japan there is similar discon­
tent. although the Japanese Hi-Vi­
sion system is now being broadcast
by satellite by the Japan Broadcast ­
ing Company (NHKl. The analo g
system. however. is based on 20 ­
year-old technology, and requires
extremely complex receivers . Re­
cently the Hi-Vision partisans hailed
a major breakthrough, and receiver
prices came down hom the equtv­
alent of $70.000 to $30,0001

Increasingly, Japanese manufac-

turers and broadcasters are begin­
ning to realize thai Hi-Vision is a
system whose day has come and
gone. HO'N ironic it would be 10 find
the United Stales emerge as the
leader in this technology because it
had to find a fresh approach.

• Rethinking HDTV.
Increasingly. we are hearing rumbles
that maybe HOTV-digital or ana­
log- isn't what it's cracked up to
be. In Japan, enthusiasm is growing
over widescre en 16:9 TV without
improved resolution, whi ch many
observers are saying goes more
than halfway to HOTV in consumers
eyes. Even at Sony, which has been
among the staunchest advocates of
Ht-vlslon. Deputy President Ken
lwak! recently called its gamble on
HDTV a " miscalculation."

In the US, some doubts are aris­
ing about the value of HOTV. The
MIT Media Lab, in th e past, has
note d that the quality difference be·
tween a broadcast station's NTSC
monitor and the received TV Signal
in the home is greater than the dif­
ference betwee n NTSC and HDTV.
Consumer test s show th at the
greates t perce ived value o f the
HOTV pict ure is the wide screen,

• Ghostbusting . One of televi ­
sions major drawbacks, ever since
the firs t b roadca st s. ha s bee n
ghosting. The average consumer in
an area plagued by ghosts might
find elimination of ghosts in a con­
ventional picture a greater achieve­
ment th an HOTY. The National
Assoc iation of Broadcast ers has
tested five different qhos t-cancella­
ticn sys tems, using three Wash ­
ington area TV stations, and should
announce the results soo n. All of
the systems require the transmis­
sion of an invisible pilot signal by the
TV station, and special receivers to
make use of that signal. After more
than 40 years of TV, it now appears
that the system's biggest tec hnical
problem is about to be licked! R-E



YOU CAN'T WSE!

MODEL 3000

Factol')' Direct Order Line

1-800-327-5912

TCXO 30 ±.2pp'n TO:O•••••••_••._ $100.
BLB30
6acl<~ & twoSlellIUlOllt S9IalllM!l rccalO' . S 75.
CC30~ Case _..$ 15.

TA1OOS TeIe$C:Opf1g \""0 Aruma $ 12.

Also Available at Special Package Price:
For A liniled Time Only
Model 3(0), Backlighf/Beeper, CarIY
Case & TA-1 00s VVhip Antenna
All this for onlv $449.

OPTIONS;

1. RANGE· 10Hz to3GHz.
2. Hi-Speed ASIC (ApplicationSpecific Integrated Circu~) State-Of-The-Art.
3. 256 TlJl1eS Faster thanother hand held counters.
4. 10 DigillCD. Readabilityeven in Bright Sunlight.
5. 6 rcrcrcos . Frequency, Period, Ratio, Time Interval, Average and Prescale.
6. AF Signal Strength Barqraph - 16 Seqrrent. Zero& Full SCare Adjust.

Excellent for roealing Hidden Trensrnnes.
7. Four extremely Fast GateTimes .01, .1, 1, 10 sec.
8. Dual High Impedance Ampli fiers.
9. Maximized Sensitivity

10. Hold Switch - Locks in measurements FAST.
11. ± 1PPM Accuracy
12. Direct Count - 1Hzresolution10 220MHz
13. Sensitivity <1mv tOfv1Hz • 2CO\1Hz. <Smv· 28Hz.
14. Single Shot Trne Interval 100ns, .t rs averaged.
15. Push-button Input, Gate & Functicrl seectoo .
16. Extruded Ak.nlrum Enclosure.
17. NiCad & Charger lnc!ooec!.
18. l.D.Y Battery Indicalor.
19. 1 Year Parts 8. LaborWarranty
2<1. 30day Money BackGuarantee.
21 . OPTOELECTRONICS backsthis """;th our 18 Yearsof

Dependability & Servce.
All this and more for the Low Price· $375.

a 1'ftlP"~1 II
~ .".......'-. ft"'l".~

(305)m·2050 • FAX(305) • 2052 5621 NE 14th Ave. • Ft. Lauderd ale , FL 33334
5%SOp'ShandIing (Max. $10) U.S. & canada. 15% ou1side c:ontiroentaI u.s.VEOa & Master CaId Accepted,

CIRCLE 190 ON FREE l...fO RIol.llnONCARD
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If YOItre serious
About a Future in

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

", Available.
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WHY CHOOSE CIE FOR YOUR TRAlNING7
• 150.000 successfu l graduil tes from every coun try ilro und the world.

• Only (IE reweres you for f<lst study. CIE offers an AssoCi<lte Degree
progrilm based on actuar study time used. The fast er you complete your
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ASK R-E
Write to Ask R-E, Radio-Electronics, 500-B Bi-County Blvd., Farmingdale, NY 11735

Note 1. Be sure 10 connect all unused EPROM address lines to either ground or
power

Note 2. The EPROM output pins are assigned as follows:

TABLE 1 EPROM CHARACTER GENERATOR CHART

Input Programmed Output Data LED's

EPROM 0 0 0 0 0 0 0 0 He' Segment
Address 7 6 5 4 3 2 1 0 Data Byte Display

Co m m o n- Ca t ho de Di sp l ay

000 0 0 0 0 0 1 1 0 06 1
001 0 1 0 1 1 0 1 1 58 2
002 0 1 0 0 1 1 1 1 4F 3
003 0 1 1 0 0 1 1 0 68 4
004 0 1 1 0 1 1 0 1 60 5
005 0 1 1 1 1 1 0 1 70 6

C o mmon- A node D isplay

400 1 1 1 1 1 0 0 1 F. 1
401 1 0 1 0 0 1 0 0 A4 2
402 1 0 1 1 0 0 0 0 BO 3
403 1 0 0 1 1 0 0 1 99 4
404 1 0 0 1 0 0 1 0 . 2 5
405 1 0 0 0 0 0 1 0 82 6
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SKIP THE ZERO
I'm build ing some electronic

dice for my ch ildren who are vi·
sually impaired. For that reason
I'm using a large seven-segment
display and I've run across a
problem I can't seem to solve.
I'm using a 555 to drive a 7490
decade counter whi ch is con­
nected to a 9368 decoder driver
latch. Two AND gales reset the
circuit after the six count and
the problem is that the count in ­
cludes a zero. The blanking in­
put on the 9368 will just turn off
the LED's so my choices seem
to be Hmlted to having either a
zero or a blank in the disp lay­
nei ther of which you want with
dice. Is there some Irick I can
use to have the 7490 skip the
zero cQunt?-J. Mullane, Dunn
loring, VA

When digital electronics filtered
dCMTl to the hobby market some
twenty years or so ago, electronic
dice were among the most common
project s you could find. Of course,
they were all made with discreet
LED's instead of seven-segment
displays so your part icular problem
never really presented itself.

First of all. there 's no way-short
of microsurgery-to alter the count
of the 7490. That isn't to say that
you can't solve the problem but the
idea is to do it with a minimum of
brain damage. Given that criterion,
you can throw out all the schemes
(most of which you've undoubtedly
thought of) that use the reset pulse
to force feed two counts 10 the
clock or the 7490, II's possible to do
that but the gating problems, while
solvable, are a pain in the neck and
always lead to the addition of lots of
silicon to what should really be a
simple, straightforward circuit.

Although there are several dif·
ferent approaches that can be taken
to come up with a solution to your
problem, if 1were buildmq a circuit
like yours, I would rethink the entire
circuit.

The most direct wcry to eliminate

the zero count altoge ther is to tee­
ognize that the problem is being
caused by the 9368, not the 7490
as you indicated in your letter, If you
think about the circuit for a minute,
you'll realize that you're reselling
the 7490 aft er it's gone through
seven counts- zero Ihrough six. All
the solutions that try 10 gate in t'NO
counts at reset stilllet the 7490 go
throu gh seven co unts, not six
(which is really what you want for
dice). Keeping that in mind, it's clear
that you want the 7490 to be reset
after six counts, not seven.

The problem you're left with is
that the 9368 causes the display to
show the numbers zero through five
when the 7490 puts out its first six
counts. what you want to happen is
to force the 9368 to put out a one
when it has a zero at its inputs, a t'NO
when it sees a one, a three when it
sees a two , and so on. Unfor­
tunately, making it do that is what
the engineering journals refer to as
a " major problem."

DO - A Segment
01 - B Segment
02 - C Segment
03 - 0 Segment

The wcry around the problem is to
gel rid of the 9368 altogether and
fmd a decoder driver latch that does
it automatically. I'll save you a lot of
research li me and tell you that
there's no such animal around. The
wcry 10 do it is to use an EPROM and
make one of your own. It's a simple
thing to do and the truth table for the
EPROM you are going to need is
shown in Table 1.

There's a lot of wasted space in
the EPROM since you' re only using
the first six out of a total of 2048
storage locations (assuming you
use a 2716 ). But EPROM's are
cheap and as long as they do the
job, who cares how eff ici ently
they're being used?

Burning an EPROM used to be an
exotic activity but EPROM burners
(parti cularly those that can do
2716's) arecheap and available from
jus t about every supplier in the
wor ld. If you don' t haveone you can
probably find someone locally who
does but. if you're interested in

04 - E Segment
05 - F Segment
06 - G Segment
07 - Decimal Petru
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TURN-SIGNAL AMPLIFIER
Like many senior citizens, my

hearing Isn't that of a teenager's
and one problem I have Is hear­
Ing th e sound 01 my car's turn
signals when I'm dr iving, The
weak clicking sound of the in­
dicator Is very hard to hear, es­
pecially in heavy tra fflc. I 'm
looking 10r a circu it that will em­
ulate the ch im e sound currently
used In cars as a signal that the
key has been left In the ignition.
I've tried buzzers and sonalert
dev ices but their sound is either
too harsh or too high pitched.
Can you help me?-W. Baker, In­
dependence, MO

There are lots of available parts
that can be turned into a circuit to
make be ll sounds and , while it
doesn't take much effort to put one
of these things togeth er, I don 't
think that's the right way for you to
go. Since you've indi cated that
you've already tr ied buzzers and
other stuff, I'm assuming that you
know where the flasher is and also
know how to have other devices
trigger off the signal. If I were faced
with your problem, I would go to the
auto dealer and get the part used in
cars to generate the chime sound
for when the key is left in the igni­
tion, and hook that up. R-E

The voltage rating of a fuse refers
to how large a voltage drop can be
across the fuse before it starts to
pass current. Since a good fuse Is
reallya short circuit . it maynot seem
to make a lot of sense to talk about
voltage. but if you start thinking
about what happens when a fuse
blows, the picture changes.

The minut e the fu se blow s.
there's a voltage present across the
gap created when the fuse element
melted or vaporiz ed. Since you
don't want the blown fuse to con­
duct any current, you have to be
sure that there's no way the voltage
can be high enough to havea spark
jump the gap.

You can see now that the impor­
tant rating for a good fuse is its
current rat ing while the critical
number for a blown fuse is its volt­
age rating. What that means is that
a fuse has to protect the circuit be·
fore and after it blows-c-thet's why
it's there in the first place.

electronics, you should really have
one on the bench.

One of the side benefits of using
an EPROM instead of the 9368 is
that you won't need the AND gates
any longe r. You ca n use the
EPROM's eighth bit to directly con­
trol the 7490's RESET input while
using the first sevenbits to drive the
LEDdisplay. Andyes, the outputs of
the EPROM have enough muscle to
directly drive the display. You can
also have the resulting circuit drive
either common-anode or common­
cathode displays since it's simply a
matter of programminga low or high
in the EPROM.

Table 1 uses the EPROM's 0 7 line
to control the 7490 counter's RESET

input and the A.- address as the tog'
gle to pick between driving either a
common-anode display w. high) or
a common cathode-display w low).

FUSE PLAY
Th i s may seem like a trite

question but I haven't seen It
discussed before and I'm a bit
confused. Since fuses are es­
sentially the rmal dev ices, can I
freely substitute 1uses of equ iv­
alent watta ges? In other words,
would a 1use rated 2 amps at 250
volts be thermally equ ivalent to
one rated 4 amps at 125 volts?-
L. Balla, Chicago, IL

The more time you spend screw­
ing around with elec tro nics, the
more you find out what happens
when you start bending the rules.
Some of them hold together. but
some of them are rather "b rittle,"
and they're the ones you must fol­
IO'N to the letter. Fuse ratings are
amon g the most brittle rul es
around, If a circuit calls for a 2-amp
fuse, using one rated at 4 amps is a
bit self defeating. and putting a 2­
amp fuse in a 4-amp circuit works
only if you never tum the thing on.

While it's true that fuses have a
voltage and current rating , i t's a
wortd class mistake to think of them
only in terms of their power rating
(amps times volts),A fuse is, asyou
correctly stated, a thermal device.
The element has a certain resistive
rating and if more than the specified
amount of current flows through it,
the heat generated by the current
will cause the element to either melt
or vaporize.
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LETTERS .
Write 10 t.euere. Redio-Etecuonics, 500-B Bi-County Blvd., Farmingdale, NY 11735

"

DC MOTOR SPEED REGUL ATION
I believe that I can add a signifi­

cant commen t to a discussion
opened in the Ask R·Ecolumn in the
October 1991 issue of Radio ­
El ec t ronics . On the subject of
modmcanon 01 cassette tape ma­
chines to run at half speed . there
are two basic approaches that I have
used with success . There are also
some problems that will crop up that
weren 't discussed in the column .

If a permanent (not switchable)
speed change is desired. the most
straightforward INtrj to do it is to
make a smaller pulley for the cap­
stan motor. M ost late-model ma­
chines have plastic pulleys that are
easily removed. The original pulley
could be turned down on a lathe, or
a new one could be turned from
plastic (delnn works well) rod stoc k.
which is the method I have used.
The spee d-adjus tment range of
capstan motors is generally too nar­
row to obtain half speed. but will
allow small errors in pulley size to be
compensated . If you use this meth ­
od. pay a machinist to fabricate your
pulley unless you' re confident in
your OW"n skill and equipment even
minor eccentricity will result in de­
graded recording quality due to ex­
cessive flutter;

The other method I've used is to
circumvent the motor 's speed-reg­
ulation circuitry and replace it with a
servo system of my own design. A
basic problem with this approach is
that of obtaining motor-speed feed­
back for the controller. I solved that
problem by attac hing a tiny ferrite
magnet chip (taken from a speaker)
to the motor-pulley flange. and then I
used a tape head positioned nearby
to generate one pulse per revolu­
tion. <This tachometer head can be
almos t any tape head taken from
older equipment.I

Other approaches to DC motor
speed regulation have appeared in
the literature . National Semicon­
ductor Applica tio n Note AN ·292.

"Applications of the LM3524 Pulse­
Wi d th M od ulator." describes a
speed servo that does not require
separat e tachometer sensor, but re­
lies on motor " back EMF" for the
speed -related feedback signal.
Motoro la describes a similar ap­
plication in the documentation for
its MC3303 0 DC servo motor con ­
troller/ driver chip. I believe other
chips were developed that were
more scecrrc for this application .
but I don' t recall their desiqnetions.
In any event. the U.S . consumer­
ele ctro nics business is now so
dominated by foreign suppliers that
any domestic so urce for those
part s has probably dri ed up long
ago.

After the tape speed has been
modified successfu lly. you wi ll face
the second major problem. The au­
dio frequency response will be
greatly diminished . and the Dolby
noise-reduction sys tem (if any) will
be completely out of calibration.

In one sys tem that I developed for
background music , I was able to
dance around much of this trouble
by using an audio equalizer and sep·
arete tape decks for recording. The
half-speed tape deck was for play­
back only. I recorded my " master"
tape at 75 IPS on two-track open
reel. then copied it onto cassette
with an unmodi fied cassette record­
er while playing the open-reel deck
at 1511PS. l compensated most fre·
quency response errors by first re­
cordi ng a frequency sweep (at - 20
dB) , then playing back the final re­
sult through an equalizer. which I
adjust ed for flatt est playback reo
spo nse. The equalizer was then
patched upstream of the master reo
cording deck for all subsequent pro­
gram recordings.

In a recorder tha t must s tand
alone, you will be forced to learn
hOW" to deal wit h record bias. record
and playback equalization , and level
calibrations if you want to achieve
any semblance of flat frequency reo

sponse . A service manual for the
machine is mandatory. In the end.
you will se ttle for poorer perfor­
mance at the loNer tape speed, due
to the laws of physics. But your skill
and pe rseverance will determine
the qua lity o f compromise wi th
which you must live. Also bear in
mind that media quality becomes a
critical parameter at low speed.
Wem and flutter. high·frequency rol1­
off. and dropouts will all become
more obvious to the listener.

I hope some other readers can
benefit from my experience.
MICHAEL A. HARDWICK
Salem, OR

DIGITAL SCOPE UPDATE
I read with interes t the article.

''Analog Scopes-They' re Far From
Dead " ( R a d i o -E l e c t r o n i c s .
November 1991), which compared
dig ital and ana log scope tech­
nologies. Analog scopes are indeed
far from dead. since they fill some
basic measurement need s at the
IO'N end of the scope market. Hem­
ever, the article contained some
misleading information about the
advantages and disadvantages of
analog and digital sco pes.

Concern ing jitter, analog scopes
are nor supe rio r for mea su ring
worst-case jitter, as implied by Fig. 1
in the article. The article failed to
mention the use o f infinite per­
sistence storage on a digital scope,
which can capture worst -case ex­
cursions of the waveform much bet­
ter than an analog scope.

In terms of update rate and dead­
time, the article correc tly points out
that the slow update rate of some
digital scopes makes them difficult
to use in troubleshooting applica­
tions (the " rubber sc rewdriver
effect"). However, digital scopes
such as the HP 54600A (used as
the digital scope example in several
of the figures) have custom inte­
grated circons that greatly reduce
the deadtime between ecquismons.
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S.r Graph 11TH ..... I :zo. OIy

.._ ... ... ......""" '.. .... TRIGGER COI~
260058 Rod ' 1.99 .. ' 1.790. ::.:..~=:- .
2&0068 "'"" ' 1.99 .. ' 1.79.. '1.250. _"-"
:60089 v_ '1 .99 .. ' 1.79 .. 1.89 ••
MOYINGSIGN DlSPLA Y 120. Oty ~
.... - .----- INFRARED LEO~=- ,,1\",..u,.,......_ 1ranIrnI1\Itr .

'5.95 .. ::.~. r f

'5 45 .. ... 12.79.. " I7J'
~

o . NEON LAMP ,
OCz. rUM fI

~I~Z r~ ~;: - /D
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,e'· :CWo~·w~~· " ~1 lE9":.- " • -TEST D\ ~ \ . ~2.10 CELL
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PUSH.sunON~
~~~~~"· lUDS W"" SW I TCH
"""" ..to"',.... PUStI-O N, J'USK-Of f

::.~:o' ~f:g~c..OSl ~8 .1'~ .. : : ~55 ;: ITti'll'
DOUBLE tl: 11,49 . 0 11oo. a IY .
BANANA I SUk."'INIATUREMOMENTARY
JACK ~V:.leT~ oJifk....

- MH SCOPE "'5 ,,<>co ... votlflcosr ,. 00., • •35 o. rzliiiJ::
LV Z ...... -- _ '2.30 .. '2 .01 .. 1. 28et f100. Qly
:='T::-:~~W"'''.' _ 'l-. FEMALE4:- ....NIATURE ~.
SCOPE ~ BNC TO TOGGLE . ~: !""r
PROBES DUAL SWITCH fi~1 [!1
.. -. .,. ... BANANA I 110o<O. .... :nw,o.o

~a.J1 8." PLUG ' .900.
'M _ . •II _ ... YOVOlCOST Jo n 1.79" '5D.aty T_ SO"S1

_n _ ~9.· r~~iN:~~ rnm.Il
• •• - ...~_~.~.i"-;" I OU_' E-.dy Ii ~~~~N~oit , "~
M'rft.i mnnI ~';' "0' ;-_-74,r 9YAIkalineBanery MALE BNCPLUG ~fi!!'?··g
r.-iiii orr,;,,, &80097 0 640_' 5 ." ; ; .9; 5:10 ==..... ~~r ~.n ..~_. . .~~a=~~

~~ ;V5":T-'M-6-R- .-...~CC:: :: ~ ~~ --:~k~ 9Y·Bau: ry · .~BNC TEST CABLES 3FT. • .••: ~ ~
600029 556 _ _ 0_'.40 .. WIRE ~ . SNAP ' ~,:::;r ~ -l~~
600039 ~~~!:~'-... ..:. .60 .0 JUMPERI(IT &!£/X HOLDER~~ -uLJU#.U . '.. ;.. ., •
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600023 7805....._ ' .36 ..
s.ueooo eDH10001.lrO ~(C1If'U

IS...."" " Of <:.06C. I4.O , ' 00'"
6(1(1014 • .89 79 .. 50.
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~-~,- ....,.
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~~~'\~V
~,......­
IJP[DAliCE · ' ....
KEl VIN
l 00 Bu le
519 .95



LESSONS
Ont. III""'''''n! 'u"
budd!......~
of (Umpul<n "'<t> tn "'<t>

OISCOVERY LAB
C..mplc' ~ t>",~<Ib<unl,nl: . ) ..~m
leu l' ''' ck>ip' :m<Iml>oJ,,,.
~in..." ' . c.I~"" >nc.I...,..." f~u1..

.-

Prolessional diagnostic
hardware and software
makes trOUbleshooting

last and accurate
Your NRI tra ining no w incl udes
a remarkab le dtagnosuc pack­
age that allows you to quickly
locate and correct defects in
l8~t XT. AT 802H6/H03H6, and

dramatica lly Increa se your com­
puter' s data sto rage capacit y
while giving you lightning­
qut ck data access. Hut that 's
not all!

OIAGNOSTIC HARDWARE
AND SOFTWARE
k.A C-E-k, plUlC-in~i<­

anI :m<IQurlTC'<:h menu­
.m. rn"""""21'<'.ho<h from
LlI.,.X. PO'" l .... tund;.on
....pn>rntt ..'ith ....... !".
J>fOf......oon.al~ic look

MONITOR
ll~iorI. nunp....,.1"- TTl. monochn......
moni 'tJt ..'Ilh . dt ""' " d..~

DIGITAL
LOGIC PROBE
Simpl illn ana/!"tinll dill.i tal
~;n:uil "per. li"n

. ... ..-

SOFTWAR E
T~ ..ilh Ml'-I)():l .
( ;~·· 8A5IC. ..... PopuW
.\ I ic"""'" ~'orU
l ppli<'3tiom """"'3I"C

DIGITA L
MULTIMETER
1.....I~"'i"lUl IC>l in",,,,mcm r"r
'l"k k "'d C<l-'" """"urcmcnl'

No doubt abo ut it : The bes t way to learn 10 service
computers is to actually bu ild a state-of-the-art
comp uter from the keyboard on up . Only NRl. the
lea der in c aree r-build ing at-home electronics training
for more than 75 yea rs, gives yo u that kind of
p racti cal. real-world comp uter servicing experience.

Inde ed. no other [mining-in school. o n the job,
atl)'ldJ£'rt'-shows you how to troubleshoot and
service computers li ke NRI.

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

all the power and speed 01
today's computer technology!

With NRI's exclusive hands-on
training, you actually bu ild and
keep the powerful new Wcst
Coast 3HllsxJ2 0 ~1It 7. m ini tower
computer system.

You stan by assembling and
testin g your computer's tnt -key
"intelligent " keyboard. move on
to te.st the circuitry of the main
logic ho ard , install the power
supply and 1.2 meg high -densit)'
floppy disk drive. then interfa ce
your high -resoluti on monitor,

what's more , r ou now go on
to install and test a powerful 40
meg IDE hard disk drtve-c-toda y's
most-wanted co mp uter periph­
eral - included in )'our course to

Only NRI walks you through
the step-by-step assembly of
a powerful 386sx computer
system you train with and
keeP"--9iving you the hands­
on experience you need to
work with, troubleshoot, and
service today's most widely
used computer systems. Only
NRI gives you everything you need to start
a rnoney-maklnq career, even a business
of your own, in computer service.



shows you how
and service
likeNRI!

NEW! 40 MEG HA RD
DISK DRIVEl
You in....Ill lhh ....' n,<'It IDE
!uRI di_k <lth " In',,~·. for
jI:"' tL&,~ ...,or.,.... upKil)'
and ace.- 'f'<'Cd

NEWl 3&6n'20 UH.z
MINI TOWER COMPUTER!
f .....1JI'n ,UbIlW~.. CPU. I
....... lA\! . bi l.: RO"'L I 2 "'"1l
h~dn"" lllopp,- di>l dm"

~...' .
~.:..­
,.~ ....

NRI gives yo u th e confidence and the kn ow-how to
ste p into a fu ll-time, money-making ca reer as an
Ind ustry technician, even SUIt a comp ute r service
b usiness of yo ur ow n!

No experience necessary...
NRI builds it in

With NRI , you learn at you r own pace in yo ur ow n
home. No c1as...room pressures, no nigh t sc hool, no
need (Q q uit your present job until you're ready to
make your move . And all through out your tra inin g,
you have the full support of you r personal NRl
instructor and th e NRI technica l staff, always ready
to answer yo ur q uestio ns and give you help w hen­
eve r you need it .

FREE catalog tells more. Send today!
Send today for NRl's big , free ca ta log that describes
every aspect o f NRJ's innovative comp uter training,
as well as hands-on training in lV/video/audio
servicing, telecommunications, industrial electron­
ics . and other high-growth, high-tec h career fields .

If the coupon is missing, w rite to NRl School of
Electronics, McG raw·HiII Conti nu ing Education
Cent er, 4401 Connecucut Avenue, NW, washtngro n.
DC 20008.

compatible computers.
You"1I U~ ynur Ultra-X

QuickTec h diagnostic software
to test the sp .tcm RA.\ 1and
such peripheral adapters as
parallel printer ports. seri al
communicatio ns ports . video
adapters, and floppy and hard
disk d rives . You'll go on to usc
ro ur R.A.C.E.R. d iagnos tic ca nl ,
also from Ultra-X, to identif),
individ ual defect ive RAM chips .
locate inte rfaci ng problems. and
pinpoint defectlvc support chips .

This ingenious diagnostic
package is [ust o ne more W 3 r

••••••••••••••••••••••••••
• ..~. SChoo l 01 For arttr n>UDO ;appro>'n! •
• ..... Electron ics unc.kTGIBiU .

•
~lcGn.,..-lIiUCom inwtlR Edicltion ~ma ~ 'j~ 0 (;hn:k r.!C' dt-uib •
HO I ConnC'CtiCUt An ntlC'. :o.'W I~.n· II

• 1l':I;oJ!illJ:lon. DC 2000H •

• .tCheck o ne FREE auloM, o nly •

• 0 M ICROCOMPUTFJl SER\lo.>;G 0 Co mputer Pn 'W"J.mminlt •
o TVI \'lc.lrolAuc.l i" Scl"i d nlt 0 Sco:uril)' E1eCI"lfllc~

• 0 rn<.l u, trial l' lcclronk~ & Rllh<llio 0 FJcc,">nic ,\lu,l c Tn:hnu luKY •
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Earn You r B.S. Deg ree
in

ELECTRONICS
or

COMPUTERS

By Studying at Home
Gr antham College of Engineering,

now in ou r -tznd year, is highly ex­
perienced in "distance educatio n"­
teaching by correspondence- through
printed material s, co mp uter materials,
fax. and phone.

No commuting ( 0 clas s. S tudy at
your own pace, while co ntinuing on
your present job. Learn from ea sy-to­
understand but complete and thorough
lesson m ate rials, wit h addit ional help
from our instr uctor s.

Our Computer 8 .S. Degree Pro­
gra m includes courses in BAS IC,
PASCAL and C languages - as well as
Assembly Langua ge. MS DOS . CADD,
Robot ics, and much mo re.

OUf Electron ics B.S . Degree Pro­
gram includ es courses in Solid- State
Circuit Analysis and Design. Control
Systems, An alogI Digita l Communica­
tions. M icrowave Engr.und much marc.

An imp ortant part of being pre­
pared 10 mo \'(' up is holding the right
collegedegree. and the absolutely neces­
sary par i is kn ow in g yo ur fie ld.
Grantha m can help you both ways­
10 learn more and to ear n your degree

~ . h
~ In t e process.
=: Wr i tc or phone for our f ree
~ catalog , Toll free. 1-800-955-2527. or
11 see mailing address below.

~ .
~
w

"~
GRANTHAM

College of Engineering
22 Grantham College R o ad

Slidell , LA 70460

This makes the scope very respon­
sive when troubles hooting and per'
form ing adjustments and its price is
comparable to thaI of an analog
scope .

A nother misrepre sentat ion oc ­
curred in the photos o f the HP
54600A disp lay. The HP 54600 A
displays up to 1 million samples per
second. which tends to fill in the
waveform when the scope is run­
ning . Bul the photos of the HP
54600A were taken w ith the os ­
cilloscope in the stop (or stored)
condi tion. which makes the wave­
form somewhat cleaner. Remember
that an analog sco pe in the stop
condition gives you a blank display!

The article does not mention one
of the primary weaknesses of an
analog scope-viewing low repeti­
tion rate signals. However. the arti­
c le inadver ten t ly ex po ses the
problem in Fig, 6. because the nar­
fO'N glitch shown there is almost un­
viewable on the analog display. This
occurs w hen short -lived even ts
don' t lllummate the CAT's phosphor
sc reen long enough or o ften
enough. This lowlight output is what
causes analog sco pe users to reach
for their viewing hood s to block out
amb ie nt light. Becau se a digi tal
scope stores the waveform and re­
freshes the sc reen from digi tal
memory. this is not a problem. Fi­
nally. the article keeps alluding to
the ext ra cost of digi tal scopes .
That used to be true across all band­
widths. but with improving tech­
nology. digital scopes are compara­
ble in price with analog scopes for
bandwidths of 100 MHz and higher.

Thank you for the att ention given
to the issues of analog and digital
oscilloscopes . In the future. I hope
you will supply your readers WIth a
more balanced view.
ROBERT wrrrt
R&D Product Manager
Hewlett Packard Company

MYSTERY ANTEN NA
I found the art icle " Scanner Con­

verter" in the February and March
issues o f R adio-Electronics
most interesting. The photographs
showed the converter in use with an
interesting antenna, but there was
no mention of it in the article . Can
you tell me anything about it?
Yes. We inadvertently left offa men-

tion of the antenna. which is the
MAX 800. available from the Cel­
lular Security Group. 4 Gerring
Road. Gloucester. MA 01930. It
sells for $ 19,95. A catalog of other
VHF and UHF antennas is available
on request.-Editor

ALTERED ENERGY CONSUMPTION
MONITOR

Here is a picture of my horne-built
energy monitor. based on the article
in the December issue of Radio­
Electronics . As you can see, the
LED power-level indicators were reo
placed with an analog meter with
ranges of 150 and 1500 watts. A
clock module was added to keep
track of elapsed time.

Two other revisions made it more
usefu l. First. the voltage to pulse
converter was made to operate with
loads down to 10 watt s (not 27
watts). by adding one resistor. Sec­
ond. the unit was revised to operate
and read well wit h capacitive (lead
P.FJ loads. One transistor and two
resistors shorten the current sam­
ple time to about 5 degrees. Its ac­
curacy appears to be :: 5% or so.

Please give us more articles on
how to sample whole -house energy.
ROBERT H. MILLER
Gamer. NC

THO ANALYZER CORRECTIONS
I found two errors in my "THO

Analyzer " arti cle (Ra d io -Ele c ­
tronics , Dece mber 199 n First. in
Fig. 2. the left side of RlOA should
connec t to ground. Second . in the
second column of page 52. the text
should read "J5 to J2" instead of
"J 3 to J 2.' · In addition. I'd like to
clarify that the JU1jumper noted in
the first column of page 52 is the
same one noted on page 51 . not an
additional one.
JOHN F. KEIDEL R·E



48 HOUR ELENCO & HIT A CHI PRO Due T5 C:L~ ~~~~EE
SHIPPING AT DI5C 0 UNT PRIC E5 1·800-292-7711

Hita c hi RSO Series
(PQtt.bll Rnl_time Dighl $IOfagl Osdlloscopes )

VC-6023 · 20l.lHz, 20"'51, $ 1.6 95
vc.eee- . 50MHz. 2OM$ls $1.995
VC·6025 · SOMHz, 2010151, $2,195
VC-604S · lOQMHz, "OMS/s $2.99 5
VC-614S · l OOM HI , 1001.451,__ $4 ,495

RSOI !tom~ fNul ... _ . ...............~
~. ,,' ·ootl''''>g. inllrpoI&tootI, IlN'lnw-nt'll. eursot
_ uu......~. Tile" &COpM _ m<II'8 a=lral l,

., """"" _ ""lItlCln or com Iorm., in 1I<I<lo1>on to
IUClI !UntllOn, as hartloDl'Y "'• • pion'" Interface and
..........to'"' I' M $II ' via Ihe R$·232C Interface. Enjoy the
com!,," of analoQand the~' !odlg~al,

SPECIAL BUY
V-212 • 2DMHz Scope $425

Hitachi Portab le SCopes
DC 10 SOMHl, 2-Chonnel, DC ot1s&t fune-

lion, Altemote mognlll ....functi on

V·525 · CRT Readout, CUlSor Meas. 5995
V·523 • Delayed Sweep $975
V·522 • Basic Model $875
V0422 • 40t.4Hz $775
V-223 • 20MHz de layed I Wllllp _ _ $895
V·222 · 20MHz deluxe 5625

HITACHI COMPACTSERIESSCOPES
n._~"""' _""-_ IISCRT

AMaoI.l.Ctnot_N·10$S1106SAi66SA). F..
-"cy Or. N· ' Ol5). S......... Aulotangong, o.-,.d
_ IIIId T_lDdl. ".;ng • 6-trdI CAT,Yeu_1 IMI
IN COI"C*t>_ in _ 01ptofIOI\'I'IItI_-.

V-660 · 60 MHz. Dua l Ttace $ 1,1"9
V-665A · 60 MHz, OT, wlcurao r __ $ I ,34 S
V·l 060 , 10(lMHz, Dua l r reee_ _ $1 ,395
V· l 06 5A, l 00 MHz , DT, wlCUflor _ $1,&49
V·I OBS , 100MHz, QT, wlcurl o r _ _ $1 ,995
V.,100 A ·100MHz, Quad 'rreee __ 52,195
V·1t50 · 150MHz, Qu ad Tra ce __ 52,69 5
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FLUKE
MULTIMETERS
Al Moae ls AvollOt>le
Fluke 70·11 _ $65
Fluke 77·11 $ 145
Fluke 79·11_,,,,
Fluke 87_ _ ' S2B9:
Cal lor SP&cIa! Drlce

TNeRus . ,n
_ Olgtl"'ulUmeler

....7000

5135
-os, DCIo:utacy.,,,A*I4i_
. 11I Fr.q Coufllot
andM.. ea...

Multimele-r with
C a poclla nc e a
Translstor"le$1er

$55 CM-1500B
Reich 'lolls, Ol1ml

C\lnltll, ~eiSon•
T,... sisl:mand

Diodts I MIll cas.

jM,p l

Mocre l .. ...,'FMloa

$26.95
14 TrlfllisfOfl • 5 Diodfl

UUes I ,r"llChod prOlfCl

ei; l' Display

A M/ FM Transisto r
Radio Kit

with Training Course

XK-500 Digital1AnalogTrainer
Acompltll mlnl·lab lor buildIng, tilting, plolotyplng analog Ind dlglt. 1~lr~ull,

EItneo', Digilall Allalogl taUltt Is'PedalydesignedIOf sdloolprojtoc\l, ," It~ 5buill-Inpower
l upplioo. 10000" I runcUon ~narll(ll" . illl conl"'ousl, wlabll , 11n'.lJllnguiar, sqU&r' .aVl
lotlTII. All poorl' l upplies III lfIJulI ltd IfldprOloeltdagolnsl WlrlI.
Po_r !luppu..
• V.,latIIIl'OWot Supply
• . \ 25 10:lOVOC • .5 Amj>

(.1 2510 15VOC., I ""'4'1
. ·1 25 10·20VDC . _5 Amj>

(.12510 · l l VOC0 1 """"I
• .1ZVOC 0 1 Am;>
. · I2VOC O 1 """"
• .SVOCO I An.,
• 3(lVACe-IIllll'4@ 15vAC..-_,.s.c_
• F....,..""a.n.rtllor SiM. TrtangoMr,SquIr, . _ Iorms

• F~~tltlI.ln IM.W>QH
Irom 110 lookHI

• FinlIr"""otIC1~._-
• DCGIlIOl
·~fN·Ml

Olgllal · SKUOfl
• E''ij/lI dltl l -..idIes
• T_ .... bolA'>ClO logic I WJlCtI, "
• Eight LED . la<loulI TTl. bu~I'td
• ClOck lrIq....f\C1 110 l00 1GU
• Clod< Ilmpl~u'" svpp squ... ...I v'
8 rNdb Otr di
• 2 br.~bolf(\l . "eIl conlain:
I~D I~ [)OItI1I (llllal l ,68DI

$58.95
g RlrIg"

.Ipl·20,OOOuld
.5" blile ICC)' .

Zot~ totCtOl. , Cos.
Bog l ' 0is;>laJ

Pr"" I lf ~. oqu.or.
. ..... " 1Hz10 l lolHz

Ilol 00 flol~f

Wide Band Signal
Ge nerators

ftJ nc-t lon Generator

~
--- ,..

. ,"'1'.,. 19600

~•.::-.' -:- $28.95

Trip le Power Supply XP-620
Assembltcl $69

Kn 545
21015'10' 1.

-210·15'10 l A
lor" o :lO'l O II )

..d 5'10 3A
AI ". <Iulr1Cl toll llffl lof dol'li .lptMI"'I.

ftilulfllllorl c;teui!pralld;"". .. suppitt

SG·90 00 $129
AF Froq lOOK..50I.I Ki: 11.1 Uodull ·

lion 011KHl '1, rioblo AFOUlplJl

SG-Il500 wl Dlllllal D11p1ly &
150UH.E bulU-lnCounllr$249

l earn 10 Build ond Program
Computers with this Kit

......,..:AlPI.llS.~ .... L_ """"ua1

"'odel
1lI...-aooo

5129 .0D

Quad Po w e r Supply XP·580

$59.95
HO'10 2.1

'2'I 0 lA
5'10 ]A

·5'10 .sA

COli fo r specia l p rk: e

B+K
TEST EQUIPMENT
All Models Available

GF·8016 Function Generator

1!!!!!1
with Freq. Counter

• "".0 $249
s.....Squa" . 1n.,'01t
PuIM, Ra mp, .2 lO2MHI
FIWCI Ceunl.r .1 • IDMHI
IrTlIElt~_

GF-&lJ15 w ithout rrec. Met.. S179
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EOUIPMENT REPORTS
Global Specialties Protolab Release 3.0

The basic Protofab program lets
you build circuits made up of re­
sistors, capacitors, inductors, com­
plex impedances. and AC and DC
voltage and current sources. A cir­
cui t i s bu ilt on t he Protolab
breadboard wit h the help of pull ­
down menus: a mouse is used 10
place components. A circuit can
consist of as many as 40 compo ­
nents.

Once the circuit is built. you " turn
the power on" to start the circuit
calculatio ns. Once the computer
has finished the calculations. you
can use the test equipment to ex­
amine the circuit's function . A volt­
meter. ammeter, ohmmeter, watt
meier, signal generator, and os­
cilloscope are available.

Of cou rse , once you get the
basics of DC and AC circuit theory,
you're going to wish for more ca­
pability-such as the ability to YoQrk
with active components. Unlike the
original version of Protolab. Release
3.0 doe s support acti ve compo­
nents and other advanced topics­
albeit wi th some limitations. We
looked at three modules that are
available from Global Spec ialties

The Protoware Diode M odule
covers full-wave and half-......-ave rec­
tifiers. Only those two circuits me
available. Although you can change
component and voltage values in
the two diode circuits, you cannot
alter the circuit configuration or de­
sign your own.

The Transistor Amplifier Module
co ntains three circuit conftqura­
nons. a common-base. common ­
collector. and common-emitter am­
plifier. The common-emitter ampli·
her also allows you to study the
circuit either taking only the DC bias
into account or the entire AC and
DC circuit.

The Protoware Org an M odule
presents a -t-note electronic organ
based on the LM3909 LED flasher.
You can " play" the organ by using
the mouse to click onone of the four
Switches. The organ module also

continued on page 71

men! and components.
We"ve found a product that will

allcm student s to supplement their
coursework without buying a full
test lab. Protolab Release 3.0 from
Global Specialties (70 Fulton Ter·
race , New Haven, CT 06 512,),
Protolab software turns your PC
int o a co mputer-simulated elec­
tronics laboratory. You can build cir·
cons on-screen, and use simulated
test equipment to examine their be­
havior. Irs not only students who will
benefit from Pro to/abo Many
schools could use the software c..
part of their lab courses - at quite a
savings over purchasing new equip ­
ment .

C1RCl£ 10 Ott FREE INFOR...A'hOf<tCARO

THE TWQ-CHANNEL SCOPE lets you view ci rcuit operation. The common-emiller
circuit is shown hem.

FILE IlODE fOOLS ptfJEJ: 0" 100 t: 22 · C r :1)8 th

A nyo ne wh o has studied
electronics knows the im­
portance of mixing prac­

tical experie nce with theo retical
background. That 's why laboratory
courses- where real circuits using
real components are assembled by
students- are required for gradua­
t ion. In our experience . however.
most laboratory classes are too few
and far between to reinforce many
important lessons. Worse yet. most
lab courses don 't Iollow the same
syllabus as the theory courses as­
signed in a given year. Students can
supplement their coursework with
independent lab experiments . but
that requires access to test equip-

Turn your PC in to
a simuteted
electronics
laboratory.
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One of these three sets can be yours
for only $4.95

when you ioin the Electronics Book Club'"
Your source lor. • •

~ . .

Keep your VCRs, radios, stereos, and personal
computers in pristine opera ting condition with
this collection of books. Detailed mustrotlons
and step-by-ste p Instructions will show you how
to cet your equipment up and running, and
seve you a fortune In repair bill s. #586125-9

ElectronIcs hobbyists toke note! This workbench
wonderland 01 e lectronics projects will b ring you
hou rs of en;oyment a nd tremendous savings.
Before you know it, you 'll be assembling robots,
personal compu ters, and a multitude of fun and
usetul e lectronics gadgets. #586127-5

Toke the myslery oul of basic efectrcotcs and
etectronlc circui lry with this set or compre­
hensive electronics reference books. You'll soon
be reading clrcult d iagrams as easily as the
morning paper and applying your knowledge of
electronics to hund reds of prac tica l projec ts a t
home or on the Job. #586126-7

--
Membership Beneflts e Big Savings. In addition
to this introductoryoHer, you keep savil'lQ Slbst anlially with
members' prices 01 up to 50% off the publishers'
prices. • Bo nus Books. Start ing immedi ately. you will be
eligible lor our Bonus Book Plan , with savings 01up to 80%
off publishers ' pnces. • Club News Bu lle tins. 15 times
per year you will receiv e the Book Club News, desc ribing
all the current select ions-mains, alternates, extras-plus
bonus offers and special sales, with scores 01 t itles to
choose from. • Automa tic Ord er , II you want the Main
Selection, do nothing and it will besont to youeurcmeucer­
ly . 1Iyou prefer another select ion, or no book at all , simp­
ly indicate your choice on the reply lorm provided . You will
have 8tleast10 days to decide. As a member, you agree
to purchase al least 3 books within Ihe next 12 mont hs
and may resign at any time lhereall er. • Ironclad No-RIsk
Guarantee. If no! satisfi ed with you r books. retu rn them
within 10 days without obligation! • Exceptional Quality .
All books are quality publ ishers' editions especially
seecteo by our Editorial Board. IPubIoshers' I'n:::M s-n)

elm E~ICS DOOK a.ue. E\Iw ROClglI SunwM. PA 172'904-0$10

r----------------------------,
: W~~E.f~~~~Sp~~~£~UB~
I
I a YESI Please accepl m~ membership in Ule EIfJC1ronics BooI< Club and send
I the 3 volume set ind IC81ec:lbelow. billing me $4 .95 . II no. sal'sI>ed, rma~ return

the books vrthin ten claoys....lto.lt obligabOn ar.f haY'lI my m&mbership CIItICeIIed.
I • agrtHIto pIJIchase al ~a!l 3 books al regular Club pricesduring the next 12
I months and ma~ resign any l,me !heraaller. A shipping!handling charge and
I sales lax wdl be added 10 ail orders.

I 0 Troubleshooting and Repairing Sat #586125-9l 0 Basic Reference s« N5861 26-7
I 0 Project Building Sat 11586127-5

: Name _

I Address _

: Cdy _

1 Stala Zip Phone _

I
I S'llnatvre .;;;-;;;-;;;;;c;;;;;;;;;c;;= ==;;;;;;;;;;;;;;;;;;:::;= o:::;;;;;;;;=v.... ..._--.._~ ..--..g e--__ I
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NEW PRODUCTS
Use the Free Information Card for more details on these products.
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LAB INTERFACE KIT. De­
signed to meet the needs
of engineers and techni­
cians. Probe Master 's Lab
Interface Kit contains a

Prices for the MCH Se·
ries ce ra mic capaci tors
range from $15 .80 to
$45.10 per 1000 pieces.­
Rohm Corporatio n. 3034
Owen Drive, Antioch. TN
37013 ; P h o n e ;
615-641-2020, ext. 11 7;
Fax: 615·641-2022.

soldering me thods . De­
signed for automatic place­
ment, they are available in
Bmm tape-and-reel format.
Both 7-inch (4.000 pieces)
and 13 -i n c h Cl6 .000
pieces} reels are available.

combination of the most
often used adapters. termi ·
nations. and et ten uetors.
as well as two prec ision

to 2700 pF fo r NPO di­
electrics . and 680 pF to
0 . 2 2 IJ..F for X7 R di ­
electrics. The popular toler­
ances of 5% for NPO and
+ 10% for X7R are both
available. Series operating
te mperatures can range
from - 55°C to +25°C.
The chips are designed for
bot h wave and IR reflow

rent and frequency. The
smoothi ng feat ure catcu­
lates and displays a three ­
second running average for
both frequency and cur­
rent. A crest measurement
reads or detects the hall­
cycle peak. and it can be
used to determ ine the
crest factor. showing if the
waveform is disto rted or
sinusoidal.

Ruke models 3 1 and 33
cost $ 179 and $ 249 . reo
spectively.-John Fluke
Mig. Co., Inc•. P.O. Box
9090. Everett. WA 98206;
Phone: 800·44·FW KE.

lems. These include man­
ual and autorange modes.
display hold. sleep mode
(for battery conservation).
and a powe r-up self test.
Each unit comes with a pro­
tective holster that can be
attached to a work belt .

The Fluke 33 also In­
c1udes features that allow
the technician to perform
more in-dep th current tests
and to record data for as
long as 24 hours . The minI
max feature record s the
ma ximum and minimum
values and calculates the
average for both RMS cur-

much more expensive high·
RF/ m i c r ow ave c hips .
Made with pure palladium
el ec t rodes an d fi re d at
higher temperatures than
compe ting chips . they de­
liver better ESR ratings.
The MCH Series ceramic
capacitors are available in
0805 and 1206 sizes. with
a capacitance range of 0.5

LOW-NOISE CERAMIC CA­
PACITORS. Accord ing (0

Rohm Corporatio n. it s
MCH Series' NPOI COG
' ;4," chip capacitors have
the industry's best equiv­
alent se ries resistance
(ES R> charac teris tics in
their price class. and they
have be en found to per­
fo rm com pa ra bl y w ith

CLAMP-ON CURRENT
METERS. M easurin g cu r­
rent is becoming mo re
com plic ated . Personal
com put ers . adjustable ­
sp eed drives . an d other
equipment that draws cur­
rent in short pulses (non­
linear loads) can draw high­
peak curre nts. That causes
harmonics to appear in the
cur re nt, cre ating such
problems as overheated
transformers and neutral
conducto rs . and unex ­
plained tripping of circui t
breakers . Therefore. for
accurate measurements of
cu rrents containing har­
monies, a true·RMS meier
is required.

The 30 Series Current
Masters clamp-on meters
from Auke measure true­
RM S current up to 700
amps at frequencies to 10
kHz. help ing technicians
track down the hot spots
before they become major
problem s. Their rugged .
angular de s ig n make s
them compact enough to
ma n euv er e a s ily i n
crowded breaker boxes.
yet large enough to sur­
round large-diameter con­
ductors. M odel 31 and
model 33 both offer a hos t
of features fo r t rou­
bleshooting current prob-

2.



BNC RG58/U cables that
can be used for calibration
lab standards. The adept­
ers provide peak perter­
mance and are designed to
minimize reflective losses.
Th e ki t comes in a
moist ure-resistant , high­
impact case that protects
each adapter.

The Lab Int erface Kit
costs $199.-Probe Master
Inc•. 4898 Ronson Court .
Sa n D i e g o . C A
92 111- 1807 : P h o n e :
800-772-1519.

BACKPAC K TOOL ORGA·
NIZER . Particularly helpfu l
in situatio ns that require
the engineer or technician
to keep two hands free for
carrying heavy equipment
or gripping handrails . the
Toolpak from Paktek allows
him to carry more than 100
tools. chart s, and meters
on his back. The pack
makes it easy to carry all
the right tools to the work
and to find them quickly
Three zippered co mpart­
ments contain six fold-out
tool panels wi th more than
100 pockets for holding
tools securely in place. and
a large pocket for maps
and schematics. In addi ­
tion . two ou ter pockets
provide quick access to fre­
quently used tools or sup­
plies. The Toolpak. which is
made from durab le punc­
ture and abrasion -resistant
nylon. has heavily padded
strap s for com fo rtable
wear, and attache -s tyle
handles for hanging or cer­
rying the pack while it's un­
Zipped.

CIRCLE 1') ON fR£E
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The Toolpak tool orga­
nizer costs $99.97 (plus
$ 4 shipping).- Paktek lnc..
7307 82nd St. Ct. SW. Tac­
oma, WA 98498; Phone :
1-80 0 -2 58 ·8 4 5 8 : Fax :
206 ·851·2365

PORTABLE I OO·MHz OS ·
ClllOSCOPE. Measuring
just 3Y. inches high by 9Y2
inches wide by 133/. inches
deep. and we igh ing just
nine po unds . Leader 's
model 326 100·MHz os ­
cilloscope fits easily into an
attache case for portable
use by fie ld-service engi­
neers and technicians. The
two -channel . dua l-time­
base scope has a 12-kV
CRT with an illuminated
gra t icu le . An alternate
sweep with a calibrated­
delay time base permits si­
multaneous display of the

ClRCU zoON fREE
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observed waveforms and
the time-expanded sec­
tions. Two asynchronous
signals are displayed at the
same t ime by the 326.
thanks to an alternate trig­
gering mode and complete
triggering facilit ies.

The model 326 os ­
cilloscope has a suggested
hst price of $2795.- l ead­
er Instruments Corporalion,
380 Oser Avenue . Haup­
pauge. NY 11 788: Phone:
1·800 -64 5-5104 (in NY.
516·231·6900).

DUAL SLEEp·MDDEDPAMP.
With two separate modes
of op eratio n. M otorola 5
M C33102 d ua l S leep ­
Mode op amp has very low
standby powe r operation.
In the sleep-mode state, it
operates wi th a very low

current drain. Each ampli­
fier automat ically changes
to the awake-mode state
when an input Signal is ap­
plied to the amplifier. ceua­
ing it to sin k or so urce
suff icient load current. The

CIRClE 21 ON f REE
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op amp uses industry-stan­
dard pin-outs and has inde­
pendent sleep-mode ca­
pability with no extra pins
or external components re­
quired.Keyapplications are
those that require improved
energy efficiency. For ex­
ample . the amp lifier can
operate in a mode that con­
sumes just enough power
to detect incoming Signals
and then shtt t to a higher
perfo rmance mode upon
demand. That makes it ide­
al for use in cordless
phones. portab le comput ­
ers. tape recorders . baby
monitors. sensors . auto­
mobiles. hand-held equip­
ment. cordless appliances.
and batte ry-operated test
equipment.

The MC33102 changes
from sleep mode to awake
mode in 4.0 microseco nds
when the output current
exceeds 160 microamps.
and automatically returns
to the sleep mode when
the output current drops
below the threshold. It can
be used as a fully functional
micropower amplifier in the
low- current s le ep -mo de
state . Crossover distort ion
is as low as 12.0 Hz in the
awake mode. ESD clamps
protect the inputs . increas­
ing stability WIthout affect ­
ing amplifier performance.
The device is available for
commercial applications in

both an 8-pin plas tic DIP
(MC33102PJ and an 8-pin
plastic SO-8 sur face ­
moun t package
IMC33102Dl.

In quantities of 10,000.
the MC331 02 co st s
$1.GO.-Motorola tnc., Bi­
polar Analog Ie Division
M arketin g. EL340. 2100
East Elliot Road. Tempe.
AZ 8 5 28 4 : Ph on e :
602 - 8 97-36 15 : Fa x :
602 ·897·4193 .

AUDIO MEMORY/VD ICE
KEYER. If you want to trans­
mit two letters over and
over, or repea t a co ntes t
CQ thousands of times in a
two-day pe ri o d . t he
Ventriloquist voice keyer
and audio memory device
can help. Based on the
ISD 1020 nonvolatile ana­
log memory chip. j-cOMs
device stores sampled ana­
log speech signals for up to
ten years. even if the power
is shut off.

The Ventriloq uist can
hold four variable length
messages for a total of 20
seconds of high-fidelity au­
dio storaqe. Each message
can be played at any time
by pressing one of the four
message keys. A built- in
microph one for recording
and a speaker for playback
are included. A PIT keying
circuit is provided to oper­
ate the tran smitter auto­
matically when a message
is played. The Ventriloquist
can be set up to endlessly
record your OXQSO'swith
an endless -loop record and
playback feature. The unit
interfaces with most mod­
em transceivers. It also has
a built -in computer inter­
face that can be connected
directly to the printer port
of any PC·compatible com­
puter. and it is compatible
with the popular CT con­
test-logging program.

Al though the ventrao­
quist was designed to be
used as a voice keyer. it has 27



28

many other uses. For lan­
guage training,you can rec­
ord the instructor's voice in
one message and try to
match it in another. A sam­
pIe program code in BASIC
and C programs is provided
to illustrate how easily you
can add speech output to
any computer application.
The remote interface can
be used to trigger speech
ou tput f rom ala rm sys­
tems, motion detectors, or
other sensors. Connected
to your doorbell. it can an­
nounce "Someone is at
the door!" The voice keyer
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can be used as an audio
notebook when driving or
when it's too dark to see
what you're writing.

The Ventriloquist voice
keyer/audro memory de­
vice is available as an as­
sembled and tested board
for $124.95, or packaged
in a hig h- impac t A BS
enclosure fo r $ 149.95 .
- j 'COM, P.O. Box 194 .
Ben Lomand, CA 95005 ;
Phon e : 40 B-335 -9 120 ;
Fax: 408-335·9121.

SOLIO-STATE RELAY. Offer­
ing high current in a small
pack age, t he G SA C- OI
M ini-SP soltd -state relay
from Gordos pe rmits a
large number of output cir­
cui ts to be placed on a
small amount of PC board
space. The relay is housed
in a Single in-line package
tha t m e a s u r e s

0.7 x 1.0 x O.IB inches. It
offe rs a 12- to 240 -VAC
output rated at 2 amp s
RMS at a 25bC ambient
tem per ature . The solid­
state relay featu res zero­
voltage turn-on. 3750 VAC
opt ical isolation, and 10·
rnA DC input sensitivity.
UL, CSA. and VDE ap-
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provals are pending.
The GSAC-01 mini solid­

state rel ay cos ts $3 .65
eac h in quant i ties o f
100 0 .- Go r dos , 10 00
North Second Street . P.O.
Box 82 4 , Ro ger s , AR
7 2757 ; Ph on e :
800-726 ·5000 o r
50 1-636 · 5000 : Fax :
501-636 ·2305_

FET DYNAlOAD. Transistor
Devices Inc . (TOI) Oyna­
loads are power-sinking de·
vices used to simulate a
variety of complex elec ­
trical loading conditions in

CIRCLE 2-1 ON fREE
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the design and testing of
power- conversion sys­
tems.

Ac cording to TDI , the
OLF-4000. with its 4000·
watt power dissipation rat­
ing. is the most powerful
stand-alone electronic load
on the market . The instru-

ment can be used for easy
creat ion of complicated
load pro f iles that allow
power-supply engineers to
verify the integrity and sta­
bility of their designs. It can
also be used in production
environments for system
bum-in and for incoming in­
spection and test of power
supplies . batter ies , and
other power sources. Its
low compl iance vol tage
means that the OLF-4000
can be used for special ap­
plicat ions including th ings
like testing 1.5-volt battery
cells or other similar ap­
plications.

The in st rument uses
FET's to achieve an ultra­
fast response time of less
than 15 microseconds and
a low compliancevoltage of
under 0.15 volts . With an
operating range of 0-400
volts . and load currents
from 0 to 600 amps. the
DLF-4000 can dissipate up
to 4000 watts. Multiple in­
st rumen ts can be paral­
leled to increase current
ratings and total wattage
dissipation for the testing
of larger power sources if
necessary.

The OLF-4000 cos ts
about $8000.-Translstor
Devices Inc.. 274 Salem
St reet . Randol ph , N J
07869 -1697: Ph on e :
20 1-36 1-6622: Fax :
201-361·7665.

SURFACE-MOUNT CRYS­
TALS ANO OSCILLATORS.
Ralton :S family of four crys­
tals and osc illators for.sur­
face mounting offer output
frequencie s ranging from
624 kHz to 300 M Hz.
Three of the four are funda­
mental quartz resonators,
two of which are produced
from ultra-small ·:A.T strip"
crystals. Those two are the
newly pack aged HC -49
and rr-SMD product s are
available for use over the 3
MHz to 50 MHz band. The
HC·49 is in a metal SMT

can; the TT-SMD is in a
plastic SMT package. The
third quartz resonator, the
HC·45, is available with any
freque nc y rati ng from
3. 579545 MHz (for TV
color-burst frequency) to
300 MHz (for hlqh-speed
logic).

Th e HC-45 's have a
un ique pac kage de sign
with a special clip that al­
lows them to very easily be
mounted and soldered flat
on a surface-mount circuit
board.

The CQ-99100 is a com­
plete . in tegrat ed SMT
clock-oscillator circuit with
an internal ':A.T·cut" crystal.
The clock oscillator circuit
operates from 625 kHz to
24 MHz. is mounted in a
28-p in plastic leaded-chip
carrier (PLCC) , and pro -
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vides a square-wave output
with a m fanout of 10. or
50 pF of hig h -spe ed
CMOS loading.

In lot s of 1000. the
HC -49 cos ts 70 cents
each. the TT-SMD cos ts
90 cents each. the HC-45
costs between 75 and 95
cents (depending on fre­
quency and tolera nce re­
q uire ments) . an d t he
CO-991 00 costs $2 .5 0
each.- Ralton Electronics
Corp or ati on . 23 15 NW
107th Avenue, M iami, FL
33 182 ; Ph on e :
3 0 5 - 5 93 · 6 0 33 : Fax :
305-594-3973 . R-E
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cesses needed to meet the
needs of diver sified mar­
kets. The selector guide in.
eludes new switching reg­
ulator control circuits, RF
com munication ci rc uits ,
and su rf ace -mo unt de­
vices. in addition to a wide
variety of standard devices
covered earlier. R-E

c.// Today For More Information
Manulacfurers Reps Wanted

• Environmentally Engineered
Formulations

• Chemicals ForAll Your
Repair/Production Needs

• Quality ProductsSince 1965

CIRCLE'" ON FREE INFOR....n ON CARD

WE DARE YOU 10 COMPARE!

III II

AT PRICES THAT
WON'T PUSH
YOU OVER
THE EDGE

PUSH BmON
TECHNOLOGY

stretching exercises to re­
duce stress and promote
relaxation. A glossary of
terms lis t s inform at io n
sources for vision-related
services . ge neral health
services , and industry- and
labor-related data.

LINEARJINTERFACE IC's: Se­
lector Guide and Cross Ref­
erence (SG96/0 Rev 4);from
Motorola Inc., literature
Distribution Center, P_O. Box
20924, Phoenix, AT. 85063;
Phone: 800-441·2447; free.

Significant new entries
havebeen added to this up­
dated catalog . It presents
the latest linear circuit de­
sign techniques and pro-

-CIRCLE 39 ON FREE
INFO R,\\ATI O N CA RD

ed as " computer-induced
stress are such symp­
toms as tired eyes. blurred
or double vision, irritated or
reddened eyes. and di ffi ­
culties focusing the eyes.
Also included are exces ­
sive fatig ue , headaches
and irritability. and difficulty
in concentrating,

This book explains how
you r co mpu ter w ork en­
vironm ent cont ributes to
visual stress. and how it
can be corrected by alter­
ing that envi ronment and
improving your vi sual ftt­
ness. It explains the basic
functi oning of you r eyes
and your computer.and de­
scribes the symptoms and
causes of vi sual st ress.

Proper contrast setti ngs. r-;::====================eye-t o- screen di stance
from the VDT. overhead
and source lighting, and
gla re reduct ion are dis ­
cussed . Other topics are
the need for good posture.
eye examinations. correc­
tive lenses. and rest peri­
ods . The book views vision
as a complex process that
can be alt ered and im­
proved by visual training
procedures . prope r die t .
work organization. and ed­
uc ation . S pec ial eye ­
glasses. designed for com­
puter work, are described.
and visua l training exer­
cises are presented . The
book also desc ri bes

COMPUTERS & VISUAL
STRESS : STAYING
HEALTHY; by Edward C.
Godnig, 0 .0. and John S.
Hacunda . Abacus, 5370
52nd Streel, S.E., Grand
Rapids, MI 49512; Phone:
616 -698 ·0330 ; Fax :
616·698·0325; 512.95.

Wi th more than 100 mil­
lion people now using com­
puters on a daily basis,
several co mmo n com­
plaints have arisen. Class-
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Product information is pre­
sented alphabetically by
category-from " anten­
nas" through "wi res"- and
comple te pricing informa­
tion is printed on the same
page as the part listing.
Prod uct and ma nufac ­
turers' indexes are included
for cross-referencing. and
many photographs and
specif ication drawings are
provide d. The Nati onal
Parts Division requires only
a $5 minimum purchase.

NATIONAL PARTS DIVISION
CATALOG; 'rom Tandy aee­
tronics. National Paris Divl­
stun. 900 East Norths ide
Drive . Fort Worth, TX 76102;
Phone: 800-322-369 0;
S7.00.

Tand y 's newes t 232­
page catalog of elect ronic
and electro / me chanical
part s now contains listings
of products from 29 well
know n manufac tu rers.



RADIO SHACK

T HE PARTS PLACEs.

High ·Speed
12VDC Motor ,
Up to 15.200
RPM at noloa d
Ideal for sco.
ence project s
and robol,cs.
Aboul 2' long
(,nd uck 'lg shaft)
by I" d>ameler
.v3·25S. 2.99

Halogen
Bu l bs ~ Long­
life. brighter·
Ih.an·ong,nal
replacements
lor your tlash·
light or lantern,

HPR 50 . 6V lor
e-eeu llu hlighl
or 6V la"lern .
'2n·1189. 3,9S

HPR S2. 3V tor
a-ce aftas hl,ghl
or 3V lantern .
' 2n·1190. 3.95

3· Brushl...
12VDChlt.
Best choice IOf
cooling mobole
equipment Of
hum ·sensit",e

• •' cucu.ts . Low
, tlOise level-

34dBmu.27
CFM al/f1ow.
N273·243. 14,95

TheRadIOShack near you, rocks over
1000 eteencr ae components_ and
81'\Olher 15.000 ilems are available
teet hom our special ·order ware­
house. Maka Radio Shack your corn­
pime source for linoar and digilal lCs.
tran sretcrs and diodes. vacuum lubes.
crystals. pnono car1ridges and styl i,
sel&<:Iad computer accessor ,es and
SAMS" service manuals .
Therlf s nopcstaqe topay because we
send your ordef to the RaellO Shack
near you. Delivery lime lor most items
is abOut a week . Come", for dela ,ls.

11 1 " Coo l -Grip " Handle. UL lis ted
#64·2080 • • _. • • • • •• • • , , , , , , 6.49
121 23· Wan Hea llltO Ele melt t , UL
IlSled , (Inle rchangeable 33W and
45W elements also in stOCk.1
#64·2081 .. ..... • • .. """ , 5.99

(3) Light- Duty Tip s fOf Abo ve. Sat
of two. ~64-20B9 4.99

~~~~~~u~ ~.~~~l~ ~~ ~~ ~ :~.O.I : 6 .95

(5) Miltl Forc ep s. Insulated grips.
#64·1910 . . . . . . . ...•...... .. 1.19
(6) Lead · Free So lder. 96% M , 4%
,,~ formula. 0.032· size. 025 OZ,
#64·025 .. . . . . . .. . • • • ...... 1.99
(7) High -Tech Sold er. 6313~ .

0 ,050· sile.1 .5oz. .64·015 ... 2.49

III Orte ·lb. Electronic Soldel".
(HI62· su-e. -64--008 .•••••• . ' .99

Special-Order Hotline

Build a Soldering Iron!

0 '

'"

Olgi la l Logic:
Pr o be. The IItSf
way 10 pinpoint
problems and
cheCk operancn
In all types or
digil8! clrcuns.
LEOs end
"beep" tones
feveallogic
stales instantly
InclUdes own­
erebOOklet
with valuable
troubleshool·
ing ( IPS·
'22·303 .. 16.95

"16.Ft. Cord
W 11'1 Right·
Angle
Connector,
"218 ·12'60, 5.99

(2) 12·Fl . CEE
Cord .
#218·1261, 5.99

(3) 6· FI. eEE
Ertenslon.
"218·1259. 4.99

"BuaineuR

Power eords.
UL lisledAC
cords with CEE­
type connector
for many PCs ,
p"nlers. mon"
lors. eopoefl
and test
ins1fuments.

12VOCMag­
net ic Buuer.
Nieer lO~

than piezos
. 273-026. 2.19
HDlng ·Dong"
Chime . Ie and
mini· speaker
entry alorlor.
6to 18 vee.
'273·011, 8.99

L1ghl ed AC
Switch. Panel.
mountable
5w.tehwl'lh
heavy·duty
10·amp ratmg
12SVAC use
only. Push·on,
push·olf acnon.
Bull on Hghls
when on.
"275·671. 3.99

BaUery Guide .
Save morteyby
d>ooslng lhe
nghl ballery'
Data 011 our
top·rated
ENERCELL­
brand plus a
weallh 01 basi c
battary inl0.
230 + pagos,
#62·1304, 5.95

Sel 01 100
Ceramic Disc
Capacit ors .
Popular value-s
at a bargain
pnce. Ral ,ngs
up to 1000
wvec. (Big se­
1e<:\tOn cr resis·
lor assortm ents
in stock, lOOT)
#272·801. Set 1.98

~Iun Bre. dboard. Our best '
Molded 2 '10. G'h· board is mounted
on a 7. 4" steel base with stabiliZing
rubber teet. FOll tu.a s640 plug·in
points and tnree b'ndmg posts.
'276·169 , . , " " 19.95
Breadboard Jumper Wire KII. I".
ences 140 insulaled , preTormed.
stripped Wlfes in a snap -stnrt plastIC
box. #276·173 •••..... . . . Sel 4.95

RS·232 Tn ter.
DuaI·eoIor
LEOs monilor
seven dat al
eorttrolline-s to
tl&Ip you spot...-.
qUiCkly. o -sce
25. Connl!C15
,l1Ime,
"278·1401. 14.95

11)8ondI"lI POSI.
1o BHCu. ...
'2U·7I5 .... • .15
C21 81ndl"ll PO-11o
a....n. Plug• .
s"..:u~..
_21. ·716 , S et • .95
el l DUl l B. nl n.
Plug, 4ccepllll l l
~, Wil l onc1Ior

~~· . 2."

!l-~!!

~b~·I "
.00 '!n I ~...

flaft,,, '/IJarkSINCE ,oz,
AME R I CA 'S TECHNOLOCV srORE~

Building Power
Supplies . ccv­
era linear and
sw,tching types
and mcludes
full ccrenucuon
prans tor l ive
supplie s. 96
page-s ,
_276,5025. 4.95 '-="=--'''''=:1

6- Ft . BNC· tO·
BNC Paleh
cable. Fa< test.
RF hookups ,
n78·964 , 5.99

3- FI . Cellu lar
Phone Eate".
$ion . Mala TNC
10Famale TNC.
n78·976, 4.99

~ L _

t LCD Mult im eter Wllh Autom. tlc
"t Shuloff , We've never seen such
13 quality and teetures in a UL·/is/ed
'c motor pnced so low! Full autcranq­e ing with manual override, data.nero.
n analog bal graph to spct trends, 10
.s! amp and 200 microamp fanges ,j 7""· high. '22·167 .......•. 69,95

SlAcI lU I Radio Sl1.ack he. been 11>1 placl 1o obtain up.lo .dlll "'ec _ pari•
... .... qualiTy 1-' IHI_~_ ...--!H1l1o. ptlen. Nl a<1t7000
1oeII__ rudy 10 ....... you_NOeOOY COUPARES30 $11o<o -""'-' ._ .""", to<o<r_

Cl ACLE]I ON FREE lNFO'IU. noN CAIlO



CAn sn:REO AMI'LWI E RS ABOU ND.
but most are com p rom ises tn
performance. or are expensive.
Our build-it-yourself ca r am pli­
fier Is a real goose-bump goner­
ator, offering performance In
the high -end h ome -stere o
range. yet Is cos t-effective a nd
easy to build . Performance
h ighlights Include 270 watts
output power { 13 5 watt s per
channel. RMS. Into 8 oh ms}.
low distortion. and exceptional
output c u rre n t ca p a b il it ies.
The power s upply itself Is ca pa ­
ble of deltvertng over 600 watts.
giving th e am plifier plen ty of re­
serve power. Note also thai the
power ra ting Is for real. con tin­
u ous watts . Into 8 oh ms Inot
the way m o s t ca r a mps a re
rated ). a llow ing the u s e o f
h ome-system s pea ker compo­
n en ts . which are generally less
expens ive than 4-ohm vers ions.
and offer a much broader se lec­
tion of quality elemen ts. If 4­
oh m speakers are desired. the
amplifier will deliver a wh op ­
ping 200 watts per chan nel! Ta­
ble I shows th e amplifiers spec­
tft cat tons , a n d Fig . I s hows
so me outpu t waveforms .

Overall design
Along with high perfor­

mance. another desi gn goal
was that the amplifier b e
easy to build . Th at was ac­
com plished by u s ing a
custom heatslnk and a
s in gle PC board . The
h ea ts ln k allows the
mounting of all power
sem icon d uc tors with
s i m ple s na p-o n fa s ­
ten ers . and the PC
boa rd accom m od a tes
both a m p li fie rs lIeft
and ri ght) and p ow er
s u pply. Also. a ll co m po ­
nents are board-mounted.
minimi zing pomt-to­
point wiring. An o n­
boa rd p ower r el a y
elim inates the need
for a n exter n al
h l~h-current

switch . and
all ows the
amp to be
s laved t o
a n au to ra ­
d ios power-an ­
tenna lea d . Both t he powe r

BUILD THIS
HIGH POWER HI-FI
AUDIO AMP
FOR YOUR CAR
Our build-it-yourself car amplifier
has so much power that it
ought to be illegal!

REINHARD METZ and MVZIL BOYCE
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s upply <Hal the am plilic rs use
s t a te- o f- t h e- a r t fi e ld -e rred
power transts tors (F ET"s) . 1\
cus tom co pper-ta pe-wou nd in ­
ve r ie r t ra ns forme r g ives t h e
power s u pply its pu nch . A CAD­
s u p p o rted pri n ted -c i rc u it
boa rd wi t h g ro un d pla n e .
pl a t e d -f h r o u g h h o l e s .
s ilksc reen ed pa r ts placemen t.
and solder mask completes the
p ic tu re . Let 's take a more d e­
ta il ed look a t h ow t h e untt
works.

FlG. l-QUTPUT WAVEFORMS. In a, the amplifier is dri ving an s-cnm load on both
channels al 1 kHz; the signal cli ps at 93 volts pop with 135 watt s per channel. Both
ch annels are driv ing a 4-ohm load at 1kHz in b ; II c lips at 81volt s p-pwith 200 walls per
channel. Using an s-cnm load wi th the Input filt er removed, a rise time of 600 os and a
slew rate 01 54 voltS!.... can be seen in c.

The power s upply
Figu re 2 s h ows t he power­

supply schematic. The basic de­
sign Is a push-pull forwa rd in ­
verter wIth pulse-width modu­
la tion voltage regulation . Relay
RYIOI Is energized via the 12­
volt cont ro l lea d . applyi ng
power to th e pulse-width-mod­
u lator chi p IClOl a nd the power
t ransformer cente r tap. Alter­
n a ting pulses gen erated by
ICI Ol dr ive the ou tput t ra n ­
s is tors at p ins 16 and 13 . turn­
In g on glO l a n d g102 . a n d
g lO3 a nd g104. one pai r a t a
time. Th e tra nsistors a re pa ral­
leled for Increased power h an­
d lin g ca pacity. Re s istors
RI07-R II O elim inate the pos­
s it-un y of local t rans is tor os ­
ci lla tio n . As t h e t r a n s istors
a lterna te ly co nd u c t. a n alter­
nating cu rren t Ilows In the pri­
ma ry of transfor mer TlO l. in
turn Inducing a n a lte rna ti ng
cu rrent in the secon dary.

T he ou tpu t o f TI Ol Is full ­
wave br tdge rectf fied and the n
fil te red by LlOl. L102 . C 106.
and C I0 7. With a wind ing ratio
of 4 to I, a maximu m of abo u t
58 volts ca n be generated a t the
ou tput . Th a t Is regulated down
to :: 47 volts by sending a sam ­
pl e b a ck to res is tor divider
H1I2 + Hl 13 and R105 . The di­
vided voltage Is applied to pin 2
of lClOl , where It Is co mpared to
a 2.5 -volt reference. generated
In tu rn by divid ing the ch ip-pro­
vided 5 -volt referen ce a t pin 10
by RIO I an d R102 _ Wh en th e
s u pply ou tpu t d rops be low 47
volts. IC IOI d r ives the tra n­
s is tors wit h longer pulses. and
with s horte r pulses wh en the
ou tput goes above 47 volts . thus
ach ieving volt age regula ti o n .
Compo nen ts C102 . C103. and
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FIG. 2- POWER·SUPPLY SCHEMATIC. Irs a push-pull fo rward inverter with pulse­
width modulation voltage regula tion. Relay RY101 is energized via the tz-vctt control
lead, app lying powe r to the pulse-w idth ·mod ulator chip 1C101 and the power tran s·
former center tap,
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FIG. 3-THE LEFT AND RIGHT AMPLIF IERS are iden t ical and the part s numbered the
same except for an L or R suffix ; here's one ottne amplifiers. 33



R103 form a filte r net work thou
s tab ilizes the vottagc-regulauon
feedback loop. Th e Inverter op­
era ti ng freque n cy is se t vi a
C I04 a nd R106 to abou t 50 kHz.
Finally. L103 keeps nois e fro m
the inverter fro m getti ng: back
tn to the ca r powe r sys tem . a nd
D105- D10 7 form a s n u b ber
network that limi ts ring ing volt­
age s ge nera ted by the al terna t­
Ing h igh c u rre n ts in t h e
trans for me r prim a ry.

The a mplifiers
Bo t h a m p li fie r s (l e ft a n d

r igh t) a re Idenllcal. a nd paris
a re numbered the same. with
a n L or R su ffix . as a pp rop riate .
Therefore well s how only one of
them- see Fig. 3 . Inpu t signal s
a re a pplied to IC I. a n LF357A
op-a mp. via filter network R I.
R24 . R25 . cr. a nd C2 . Th e ou t­
pu t of ICI drtvcs res is tors R9
a n d RIO . wh ich a rc In s er ies
with cu rren t s ou rce Q I a nd cu r­
rent s ink Q2. The result Is tha t
voltage s wings a l Ihe outpu l of
ICI (a t pin 6 ) a re tran slated and
a pplied 10 the bases of Q5 a nd
oe.

The DC voltage be tween the
bases of Q5 a nd g 6 is se t by
voltage mult iplier Q3 . The volt­
age is nom in ally abou t B volts .
a n d ca n be se t as des ired by
Rl 6. It appea rs across Rl 3 a nd

HI4 bv em tner-follower acuon of
Q5 ail Q6. In turn . a curren t
flows through HI 2 and IU 5 .
ge ne ra ti ng a voltage a c ross
them. which Is a pplied as the
bi as for the ou tput tran s is tors .
FET ou tpu t transistors Q7-Q IO
eac h re qu ire abo ut 3 .5 volt s
b ias from ga te-to-sou rce to be­
g in conductio n . wh ich is s up­
pllcd as d es cribed above . Th e
out p u t t ra n s is to r b ias Is ad­
jus ted to p rovide a n opti ma l Id le
cu r ren t in the outpu t s tage. To
keep Iha t cu rren t s ta b le . Ih e
ou tp u t tran s isto r tem pe ra tu re
is s a m pled by g 4 . whtch is
mou nted on the h ea tstnk . a nd
the Q3 bi as ge ne ra to r vol tage ts
va r ied to track Ihe temperatu re
accord ingly.

Trans is tor Qol h a s it s gate
co n nected to its dra m . ca using
th e d ra in -to-source vc lta ue 10
b e ro u gh ly equa l to the gate
tu rn -on thres h old , which varies
wit h tem pera tu re a n d t ra ck s
the ou tpu t t ra ns istors . Tr un ­
st s tor Q3 multiplies that m ilage
by a factor of two. to provide the
b ia s r equired by both t h e
posit ive a n d ncgauvc o utput
trans ist o rs. Transi stors Q5 a nd
Q6 a lso provide a phase-Inver­
s ion function. tak ing the AC
s tgnal voltage <I t the output of
ICI and a pplying It to the ga tes
of the outpu t tm nststors. As the

gates a re dr tvc n . t h e drai n s .
co n nected to the ou tput . swillE{
in Ihe oppos tte d irec tion . drtv­
In~ the load . Compone nts Col .
({l B . and RI9 form a loca l feed­
bac k loop. s e il in g the ou tpu t
stage gain a t a bou t 15 . Compo­
ncnts C3. R5. Rol . a nd C7 pro­
" ide overal l arnpl tfier feedback .
and s et the to tal am plifie r ga in
a t a bou t 5 1. z cucr d iodes D5
and 06 limit the ou tput tra n­
s istor gate drtvc voltages . wit lch
in turn limit the max im um ou l­
put cu rren t .

Building the amplifie r
If you a rc fab ricating you r

own c ircu it board. re me mber
that you w lll h a ve 10 p rovide
Iecd -th roughs and s older com­
po ncn t leads on both sides of
Ihe boa rd in s e ve r a l p laces .
we've provid ed foil pat terns if
you wa nt to de tha t. bu t you can
a lso b uy a read y-t o-u s e PC
board . as wel l as va rious o th er
parts . from the s ou rce men ­
tioned in the pa rt s lis t. Figu re 4
is Ihe pa ri s placemen t dtagram.
Begin assembly by tns tatlr n g a ll
parts excep t the TO-220 power
components a nd po ten ti ome­
ters RI6 L and H1 6R. Ca refully
veri fy resistor a nd cepac tto r val­
ues before tnstall tng them . and
eheck diode a nd clectrolyu c ca ­
pacitor polariti es .

SI'I..'R.c:=,.un

FIG. 4-PARTS PLACEMENT DIAGRAM. First Install all parts excep t th e T0-220 power
components and potentio meters R16L and R16R. Bel ore installing the output FET·s.

34 they mu st be matched In pairs with in each particul ar type (see teJltand Fig . 5)..



Before Ins tallin g the ou tpu t
FET's. they mu s t be matched In
pairs with in ea ch parti cular
type to ensure proper cu rren t
sha r ing and power dissipatio n .
As a n exa mple. g7L and gBL
must be mat ch ed to eac h othe r.
hut they do n 't have to match the
r ig h t-cha n nel co mpone ru s .
(Q7H a nd QBR must. of course.
ma tch each o ther. I The same
goes for Q9 and gw. A simple
circu it for match ing them Is
s h own in Fig. 5 . The parts
shou ld be matched to be wit hi n
100 mtll tvol ts of gate voltage at
50 mAofdra in current, and 200
mlll ivolt s of ga te voltage at 2
a mps of d ra in current. Ma ke
the 2-amp measurement qu ick­
ly- otherwise you mus t heal ­
s ink the trans istor. Note th at p,
channel devices (the IHF9640's )
mus t be supplied wit h - fi-vol ts
DC and N-channel devices (the
IHF6 40 's ) must be s u pp li ed
with +s-vons DC.

Once you have matched the

All resistors are w-watt. 5%. un­
less otherwise noted.

Rl . A6. Al (two of each. L&R).
Rl 0l . Rl 02-10.000 ohms

R2. R3. (two of each. L&A) 2050
corns. }?watt

R4. A1 9. A26. A2l (two of each.
L&A}-l00 ohms

R5 (two , L&R}-5l l0 ohms
AB. Rl l (two of each. L&A}-l 000

ohms
A9. Al 0. Al l . R24, R25 (two of

each, L&R}-2050 ohms
R12- R15 (two of each. L&A}-51l

ohms
R16 (two, L&R)-SOOO ohms.

potentiometer
R1B (two, L&R}-l 500 ohms
R20-R23 (two 01 each, L&R).

Rl0l-Rl1D-20.5 ohms
Rl03. Rl04-24.900 ohms
Rl05-5620 ohms
Rl 06-l4,OOO ohms
R111-l0 ohms, 1I2-watt
Rll2-75,OOO ohms
Capacitors
c i (two. L&R)-10 ....F. 35 volts.

electrolytic
C2. C4 (two of each. L&RH .OO15

j.lF, ceramic
C3 (two . L&R)--68 pF, ceramic
C5,C6.ce-crouwccreacn L&R),

C104-0.1 J.lF. Mylar
C7 (two , L&R)-l 00 J.lF, 10 vcns.

electrolytic

r------~- v

JA

FIG. 5-PAIRS OF FET 'S MUST BE
MATCHED usin g Ih ls cir cul i (see tex,t).
First eet the potenll omeler's wiper volt­
age to eero. turn it up 10 thedeslred drain
cur rent. and measure the vollage as
shown . Malch the parts to wilhln 100mil­
livolts of gale voltage al SO mA 01drain
current. and 200 millivolts of gale volt­
age at 2 amps 01 drain current. N-chan­
nel devices (the IRF640's) require a + 5­
volt supply, and P-channel devices (the
IRF9640's) require - 5 vcns.

PARTS LIST

C1 01. C10S-1000 J.l F. 15 volts.
electrolytic

Cl06. Cl07-1000 J.lF. 50 volts.
electrolytic

Cl 02- 2.2 J.lF, 15 vo1ls. electrolytic
C1 03, C108-100 pF,ceramic
C104-0.001 J.lF.ceramic

Semiconductors
ICl (two, L&A)-LF357A op-amp
IC101- SG3526N pulse-width -

modulator
01 , 0 2 (two of each, L&R )­

1N4744Adiode
0 3-D6 (two of each. L& R)-

1N4737A diode
Dl 0l -D104-FR805 diode
0105, D106-1N4002 diode
D1 07- 1N4752A 33-\/Olt Zener dt-

ode
0 1, 06 (two of each, L&A)­

MPS8598 PNP transistor
0 2. 03. 05 (two of each. L&R)­

MPS809B NPN transistor
04 (two, L&R)-IRF51 0 N-channel

MOSFET
0 7. OB (two of each, L&R)­

tRF9640 Pchannel MOSFET
0 9. 0 10 (two of each , L&R)­

IRF640 N-ehannel MOSFET
0 101-Q104-IAFZ40 N-channel

MOSFET

Other components
U . L2-2B J.lH coil
L3-l0 J.lH coil

transist ors. Inse r t them In the
PC board . Make su re they are
straigh t up with their leads pro­
trud ing un iformly abou t '!J.6­
Inch fro m the bottom of t he
board . Check to see that th e
transi st ors are cen tered on the
heatsink rail . and then solder.
Next . prepare polcnllometers
R16L a nd HI6H by adjusting
them for a res is ta nce of 1000
ohms between p ins 1a nd 2 (see
Fig. 6) , and then Install them .

Finally. i n sta ll the th re e
po wer a n d g ro u n d lead-In
wires . as well as the speake r
ou tputs and grounds . Check
that a ll pa rts are the correc t type
a nd va lue . and In the co r rect
orlen latlon .

Chassi s assem bl y
Prepa re t h e h e a t s ln k b y

checking to see that the mount­
Ing su rfaces for the power com­
ponen ts are clean and s moo th.
Temporar ily s lide the circ u it
boa rd assembly In to the heat-

RY1 01-T90N5D12·12 relay(Poller
and Brumfield)

T101-lransformer. 4 turns. center­
tapped primary. 16 turns. center­
tapped secondary; 5-mil copper­
foil wound ed on a Ferroxcube
ETD-34 core.

F101-30·amp fuse
Fl . F2 (two of each, L&R) a-amp

fuse
J1. J2- RCA-lype input jack
Miscellaneous : PC board. 16 "a"

clips, 16 insulators, 10 fuse clips,
heatsinklcase strain relief, 4 "L"
brackets, wire. solder. etc.

Note: Th e foll owi ng Items are
available from A&T Labs, Box
4884, Wheaton , Il 60187:
• Complete kit of parts inc lud­
ing heats lnk and covers, PC
board, and transfo rmer-$245
• Fully assembled and tested
unlt-$315
• PC board (Mil-spec glass.
double-sided , sllkscreened,
with solder mask}-$29
• Transformer T1-$40
• Custom hea t slnk with
covers-$44

Please add 5% of total order for
shipping and hand ling, 12% In
Canada. IL resid ents mu st add
7% sales tax. Check, money
order, or C.O.D. In cont. U.S. All
inquiries must Include a SASE.
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si nk. Ins ta ll the endplate wit h
the Inpu t connector ho les . a nd
slide the boa rd up aga inst It .
Take a look a t Fig. 7. the in s ide
of th e au tho rs comple ted pro­
totype. to get a feel for the over­
a ll a ssembly a n d close-up d e­
ta ils . Ligh tly mark each powe r
componen t site on the case. Re­
move th e amplifier and prepare
each s ite with a th in coa t of
th ermal heatsl n k grease. Apply
a mica Insu lator a t each s ite .

Power Output

Frequency
Response

Distort ion

Rise Time

Slew Rate

Power Input

TABLE 1- SPECIFICATIONS

135 watts/Channel RMS into 8 ohms with both
Channels driven

200 watts/channel RMS into 4 ohms with both
channels driven

12 Hz-45 kHz ( + 0, - 3 dB)
12 Hz-400 kHz with input filter removed

< 0.03% THO at 1 kHz, < 0.1% 20 Hz- 20 kHz

< 0.6 as

> 100VfJ.lS

12-1 4.5 volts, 0.5 1050 amps maximum

'16

SET

~~~~~~~;; 1K
FIG. 6-PREPARE POTENTIOMETERS
R16L AND R16R by adjusti ng them for a
resi stance of 1000 ohms between p ins 1
and 2.

Re-Install the amplifier boa rd
with each of th e power parts
bent s lig h tly a way from t he
hea ts lnk surface. Apply a thi n
layer of thermal grease to each
par t. Then bend th e pa rt back
against the heatslnk. a nd hold
It In place with a spring clip as
shown in Fig. 8. Use a piece of
cardboard or plastic as an in ­
su la tor between the pa rt an d
th e clip. After each clip Is in
place. rem ove the two wire bales
from t he clips . Make a final
check with an oh m me ter to see

that none of the power parts are
sho rted to th e heatst n k. We are
n ow ready to make a few safety
checks on th e ctrcuttry

Testing
Ins tall a B-amp fuse for Fl OI.

and apply power. The inverter
shou ld now genera te plus and
minus 47 volts. as measured at
the fuse clip s for FI a nd F2. Now
Install a t-a mp fuse for Fl L and
a milliammeter for F2L. Apply
power a nd adjus t IH 6L for a cur-

cor um ucd on page 74
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0 SNOOPER STOPPER 0
IN • OUT

NOTCH ttl
DEPTH .

FREQ
0

SUILD TliE
~nooPE~ )TOPPE
An easy-to-build filter rejects cable TV signals that interfere

with your FM-and stops the infamous "bullet."

EDGAR WOLF

CAB LE TV SE RVlCt:S ItAVE CO M E A

long way si nce they put an ten­
nas o n hlllt ops to rel ay pro­
grams to cus tome rs hidden in
ra d io "sha dows." People su b­
scr ibed to what used to be called
co m m u n ity TV because th ey
had to. not because they wan ted
t o . Bu t now thi s h a s all
changed: Cab le TV offers scores
o f cha n n e ls and s pec ial pro­
grams not ava ilable from com­
mercial cha n nels for a monthly
fee. The latest es timates place
the n umber of h omes In t he

U.S. with cable 1V a t 5 2 to 53
m illion. an astounding 61% of
all homes .

However; CATV has become a
victim of its own success. Many
people wa n t the programming
bu t a re unable or unwilling to
foot the month ly b ill. So many
ha ve turned to "p irati ng" the
programs wit h unau thorized
con verte rs. No t s u r p r is in gly.
t he ca b le TV co m pan ies a re
str tktng back at unauth or ized
(nonpaying) u sers by charging
them wit h "theft of service." Ac-

co rdi ng to t he National Cable
Televis ion Assoc ia tion (NCTAI. ~

U.S. cable com pa n ies lost 53 ~

billion In reven ues because of i8
pirating In 1991. N

The cable companies have de- .n
ve to ped co u n te r m easu res to ~
root ou t offen de rs . These In - m
elude the Infamou s "bullet" (see [
R adlo-Ele ctronic s J anuary ~.
1992 .) an d di st inct ive give-away /Il

Ide nt ifica tio n signals . Both a re
sen t ou t to customers over the ir
cables .

T he selective "bu tlet'wnl za p 37
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uses a tapped Inductor. Trim­
mer pot entiometer Rl permit s
cr it ica l adj u st men t o f not ch
depth . Althoug h a br idge-T trap
provtdcs s u ffic ien t signa l a t­
tenuation. Its ba nd (notch) wid­
th is not very prec tsc.

S noo per Stopper 's perfor­
mance on systems with s ing le
In terfering ca rriers is good. bu t
with d ual carriers. ca librati ng
the notch frequency Is cr itical.
For th is rea so n . tr immer capac­
itor C2 is included for tuning
througho u t the en ti re band .
whi le HI is U S('c! to adjust the
notch dep th.

FIG. 2-SCHEMATIC OF THE SNOOPER
stopper, actually a band-rejection filler
kn own as a br tdqe-T trap.

Building and adjusting
If you wish tn make you r own

PC board . use the actual s ize foil
pattern . Refer to the PC board
layout s ho wn In Fig . 3 . a n d
moun t all co m po ne n ts a s
show n. Be su n' to Install the F-

FIG. 3-PARTS-PLACEMENT DIAGRAM
for the Snoope r Siopper. lnsta ll all co m­
ponents as shown here.

""REct:MR

I "" CABlE TV

e R CONVERTER

Circuit description
The sc hemat ic ofour S nooper

S topper Is sho wn In Fig . 2 . It is
a low-cos t passi ve band-rcjcc­
lion (no tch) filter known as a
br idge-T trap. TIll' Illtcr; offer ing
a not ch depth of 40 to 60 dB .
has only one reson ant c trcun-;
CI. C2. 1.1. and L2- ma klng it
easy to tu ne. Th is brtdge-T trap

FIG. 1-TYPICAL INSTALLATION of a cable TV co nverter. FM receiver and an FM
apflt ter.

o rde rs a pay-p er-view movie.
these tns truc ttons ca n be car­
r ted out aut oma tica lly by the ca­
ble compa ny's compu ter. How­
ever; n ot all homes withcablelV
ha ve add ressable co nve r te rs
yet.

Some cable companies have
added the ch trpt ng cuckoo- like
sou n d a t 108 megaher tz. Th e
"cuckoo" signal r ides along wit h
the com ma n d s igna l at 106 .5
MHz. T herefore. n oise m ight
sh ow u p at severa lHJ10ts on you r
FM d ial. Th is Is caused by what
has been referred 10 as "chan nel
splash" d ue to Ihe h igh ene rgy
level of the s ignals being sent.

lf vou wan t to find out if vour
cable system is addressablea nd
th us the source of superfluous
noise. you ca n hook u p you r FM
rece iver to th e cable 1V system
as shown In Fig. I (If it is not
alrea dy co n nec ted). Next scan
th e FM band to p ick up a ny
beeping noi se and record the
d ial sett ing at wh ich It is s tron ­
gest-most likely arou nd 106.5
meg a h er t z . Ho weve r. n o is e
cou ld also occu r arou nd chan­
nels 59 a nd 60 on you r cable
converter. Ifyou detect the beep­
Ing signal at a ny of those po in ts .
the S nooper S topper will elimi­
nate the noise and prevent you
fro m be in g a target for s u r­
veillance . "In addit ion . t he
Snoope r Stopper is a n el ec­
tron ie sh ield that wtll block the
"bu llet. ..Da ta channel

With fuil y a dd ressab le sys­
tem s. cable 1V compa n ies send
se t u p da ta to you r co n verter
over the cable wit h an FM s ignal
ca lled a data clumnct. This is
done by frequen cy modula ti ng
the da la at 106 .5 MHz. Ca ble
co m pa n ies u se a d d ress a b le
converters because they are cost
effective and conve n ien t. Wh en
a custo mer ca lls for a change. or

only unauthor ized 'IV convert ­
ers or descra mblers hooked up
to the cable . and th e rdenutlca ­
tlon s ignal. wh ich sou nds like a
cuc koo at about 108 megahert z
on the FM ban d. presen ts n o
th reat to pay ing customers. The
blecp ln g "cuckoo" s ignal lea ks
from unauthorized co nverters
a n d ca n be det ec ted bv ca ble
company personnel monito ring
a suspected pirat es hou se with
handheld receivers .

Unfo rt u nat ely. bo t h th e
"cuckoo" Identifica tion s igna l
(If used ) and rou line com mand
s ignals sent by the cable compa­
ny over the ir cables to set up
converters In customers' homes
ca n cause interference with FM
recep n on In th ose homes. To
prevent the s ignals from In ter­
fcrlng wit h you r FM rec ep tton-c­
a nd to ward off a "bulletr--. you
ca n build th is passi ve fi lt e r
called a Snoop er S topper.

Addressabi11ty
Cable operat ors buvc the abt l­

tty 10 cont rol Individual su b ­
sc r iber service from the head
end in fu lly ad d ressabl e sys ­
tems. This permits prompt ser­
vice changes and reduces tam­
pe ring problems wit h conver ter
compu ter con trol by Identifying
and "taggi ng " each channel so
that s peci fic programming ca n
go to the au tho rized subscr iber:

Each cable 1V converter has
Its own un ique Ide n tification
code . When you cha nge fro m
one pay service to another; or
reques t a pay-per-view program.
that u nique code Identi fies you r
conver ter. The code Is first se n t
to access you r converter to p re­
pare It for data that Is to follow.
The data Includes ins tructions
th a t se t up you r converte r for
the p rograms yo u a re au tho­
rlzed to receive.

ae
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type RF coax ial jack con nectors
and tri mmer po ten tiometer Rl
so they face up on the PC board
as shown In Fig. 4 . When th e
compo nen ts have been po si­
tioned a nd solde red, check your
work carefu lly, looking for sol­
der bridges a nd open t ra ces .
Next. usc the template (fig. 5)
as a gu tde for drilling the four
holes In th e alu min u m cover of
the rec ommended case. The
same template can be used for
drilling the holes in an alternate
case cover by cen ter ing it on th e
cover. Be su re th at the alte rnate
case has su fficien t volu me to
con tai n a llof th e ctrcu ttry with­
out Interference.

Ins tall the completed S noo per
S topper as s hown in Fig. 6 a nd
tu ne it for th e n uisance noise,
Adjust C2 (frequency) a nd Rt
(no tch depth ) unut th e tnterfcr­
Ing no ise Is blocked from your
fM receiver.

Do not use th e Snooper Stop­
per to circumvent t he ca b le
compa ny's right to de-authort ze
yo u r conve rte r. Along with
block ing a des tructive "b ullet,"
the filter willa lso prevent all pro­
gra mm in g Ins t ructions from
reaching your cable box . If you
Insta ll t he S nooper Stopper
ahead of the ca ble compa ny 's
conve rter a nd cha nge se rvices.
you will have to remove it so the
conver te r ca n rece ive new in­
structions. Some new conver t­
ers shut down If data Is miss ing
for long pe riods of time . R-E

I
,I

GROUND

NOTCH
ADJUST

R1

FREOUENCY
ADJUST

0'
J2

OUTPUT

- +

•

,~~~__ J1~ II/PUT

!-- - l IS/,I""- - -J

FM
RECEIVER

I fM ZNOCABLETV
SPlITTER CONVERITR

SNOOPER I \.~
STOPPER

1
LEIN.)

/ Z.WAY )
Sl'UTT£R

' --r
1ST CABLETV
CONVERITR

-'- --'----- - -1

ICAll

FIG.4-THEAUTHOR'S PROTOTYPE re­
moved from the case and without the
cover plate.

FIG. S-HOLE-ORILLlNG TEMPLATE for
aluminum cover 01 recommended plas­
tic case.

1-- - 1'12 UICllES

PARTS LIST

Resistors
A1-sao·ohm potentiometer
Capacitors
Cl-l to 10 pF, adjustable, Johan-

son type # 8052 or equivalent.
C2-12 pF NPO
Inductors
l 1-o.15 IlH , fixed coil
l2. l3-O.049 p.H, fixed coil
Other components
J1, J2-F·type RF jack connectors

for circuit-board mounting with
ring nuts

Miscellaneous : case (Aad io
ShackCal. No. 270-231or eqclv­
arenn

Not e : The following Items are
available from Northeast Elec­
tronics Inc., P.O, Bo x 3310, N.
A ttl ebo ro , MA 0 2 7 61,
(1 -800-886-8699) , Check,
money order, Visa and Master­
card accepted . Massachu setts
residents must add 5% sales
tax.
• A kit 01 parts Incl udi ng an
etched and drilled PC board, all
components, and a plastic
case with alu minum co ver­
S19.95.
• An etched and d rilled PC
board- S7.9S.
• A ki t 01 just th e parts (no
board or case)--S15.95.

Please add S4.50 S& H to any
order.

SOLDER SIDE foil pattern for PC board FIG. 6--INSTALLATION OFTHE SNOOPERSTOPPER ahead 01the FMreceiver and I
shown acl ual size. second cable TV converter, 39



No study of electronic te perature measurement
would be complete without showing some actual circuits.

RTO's
A resis tance thermometer. or

In D (Resistance Tem pe ra tu re
Device), is s imp ly a wtrewouud
coil or metal film wh ose res is­
tance increases wil h tempera­
ur re. As we s aw las t mon t h .
prallnum is t he most.wu . S'

c.d mater ia l, offerIng th b 's l
eu I and wide tempe ra­
tu re ran . v II ni ckel Is some­
limes used for moderate Indus­
t ri a l te m p e ra t u re mea s ure-

no ticeable contrib u tion just as
Itrlbegins to fall off. The values
In Fig . 3 yie ld better tha n
: 0. 2 2 °C Itnea rt tv fro 0 to
100cC if the pro pe' l te s tar
pair Is used....."...

1\'10 - he s to r com pos ites
nta ng two precision discs

ncapsula ted In one epoxy case
are ava ilable from YSI In Yellow
S p rl llS s , O li and Fenwa l In
MIlforo:"',MA. E gur . uses the
mas ammo •avatlalif 11YSls
am I)' of 700·Serles probes Ta­
Ie 2 shows Its H versus T \

ue s . Resi st or selec u on Is no]
cas): an d Is usually don e us ing a
comp uter. The manufa ctu rers
offer preca lcu la ted val ues for
severa l te m perat u re ra nges .
The concep t also has been ex­
tended to three-thermistor net­
works .

You can see by look ing a t FJ
2 that th devtauon from per t
ltnea rtty g~ worse a s the m ­
perature ran.lt..e..wldens , e ta­
ble In Fig. I inClu s cul a ted
values for th ree typical ra nges ,
and Table 1gives R vers us T data
for the th ermis tor. Ranges of
eq ua l width ce n te red a t
fere nt temperatures \1,j e
s imila r nonlin in . For ex­
am ple. a ropei't_'des igned 50 to
10 ~ ge w ill be a bo u t as
no tnear as °to 50°C.

A t he r m isto r 's sc nst tt vtt
changes grea tly with temper.,­
tu re. maktng It d ifficu lt ~o lin ­
earize one over Its entire ran c.
Even dtgnal tech n l l an' if­
Ilcu lt. req u ir ing la fg number
of bits In theN onverter. One
tr ick Is to use t '0 th ermls ors .
one with low res ts tan for op­
ti mum low- temper ure re ­
sponse. a nd the o t Ii r with
h igher res ist ance for hi h tem­
peratures .
FI~ure3shows sucha c rcu t.

At very low temperatures ~T::
so la rge th ai ~' I and H2 domi­
nate. Al h igher tcm perat u r
th e oppos tte is true : H l' l be­
co mes sm all in co m pa rtso n
with H2 , and R l':l s h u n ts the
R2-H.T 1 co m b inat io n . If t h e
component values arc proper ly
chosen. RT2 beg ins to make a40

L AST M O NT H we C (.(l SE D W TI

look at thermis tors . I. 'se n­
ttnu e with s e s ic c tr­
c u lls-som e h e rm istor ap­
pl lH U ci rcuits to s ta rt off
wHh. In the Wheatst one b rid ge
of Fig. I , the thermisto r res is­
ta nce decreases as temperatu re
goes u p, raising V O Ul" If RI =
R3 , VO UT wtll be zero at the tem ­
perature where the thermis tors
resistance equals R2.

Th e ou tput ca n be made ltn ­
car If RI is chosen co rrec rlv As it
turns out. the NTC (n e- aUV
tempera tu re coeff c ietJ: I ther­
mis tor 's no hl t'ar({)' is la rgely
com' eo for by the non­
111 ar ty o f th e b ridges own

~"'~\"" o l t age -ve r s u s -r es is t a n e e
cu rve. Figu re 2 sho ws the volt ­
age versus tempe ratu re curve
fairly linea r In th e middle of Its
range, d ropping in se nstuvt ty a l
both en ds . We won't take t he
t1 mc/tifp rove that here, but th e
best possible lin ea rization oc­
curs If RI Is equa]J9~:-::::..:::

HT 1RT 2 + H.J2R~RTlRT:l

Hn +RT a - 2RT 2

where Rn , RT 2 , a nd RT :l a re the
th erml st or 's rcst s tance.atthe
low en d, mid poin t. a n d hl~h

end of th e tem pera tu re range re­
specnvcly (Remember. RT 1 Is
hi gher than Rr.i ' )
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3.2lIK

lOmV"C
1147,OmV

1.164 ohms

7,355 ohms

1,164 ohms

+2.0 - 2,3"C

. v.

~~ OJ
6.25K

RJ

:di
20,52K

vM

lOmV!"C
1017.3 mV

1,763 onms

7,355 ohms

1.763 ohms

+0.85 - 0.95'C

FIG. 3-A THERMISTOR·PAIR can be
used In a Wheatstone brid ge to Im pro ve
the outpul linearity. This circuit Is linear
to within :: O.2t6"C from G-l 00'C.

lase r tr immed. Th e elements
ca n be made smaller-as small
as t he r m istors-an d ca n b e
s u pplied In res is tances to 2 ktl­
ohms for h igher sensitivity,

Copper; in general. Is a poor
cho ice for temperature m ea ­
s u remen t due to Its lim ited tern­
perat u re ra nge a nd very low
resi s tance . li s most com mon
app lication is monitor ing th e

" RJ

10 mV!"C

916.2 mV

2,168 otIms

4,482 otIms

2,168 ohms

+ 0,07 ~ 0 .06°C

EXAMPLES OF BRIDGE DESIGNS

10 to 3O'C 0 to sere
1O"C O'C

• __L-- --- -- --
ACTUAL 0' I

I

~
,,

--- -- ---
~

,
IDEAL

,
17 , ,

/-
, I

,'''''' ,, ,, ,, '

Temperature range

Temperature lor
zero output

Sensiti vi ty

Bridge supply (V.I.,
' J

'3
Maximum nonlinear ity

Nole: Therrmstlll' is a VSI 44004, 400 sene s Pfobe or eqUivalent 2.252 ohms aI25°C.

T1 T2 T3
TEMPEFWURE

FIG. 2- THE WHEATSTONE BRIDGE
OUTPUT Is fa irl y Unear near the m iddle
of Its range.

v

.v.

FIG. l - A WHEATSTONE BRIDGE with a thermIstor arm will produce an output tha t
Increases with tem peratu re. The table shows th ree practical ranges.

v

coefficient. Pure platinum sen ­
sors havtng s ligh tly h igher sen­
stttvttv are also available.

Plati num-film cleme nts are a
more recent development. Mos t
are made by vacu u m -depos tttn g
pla ti num onto ce ra m ic s u b­
s tra tes . a lthough s tlk-sc reened
th ick-film pastes have also been
used . Film elements a re not as
s table as wire a t h igh tem pera ­
tures. but th ey cost less. Depos ­
ned film uses less platinum and
ca n be bu lk manu fac tu red and

men Is . Platinum thermometers
arc sometimes known as PRTs
IPla tf n um Resistance Ther­
mometers).

Table 3 gsves R versus T tables
and typical accuracies for pla tt­
num and ni ckel RTD's per the
German DIN !Deutsche Indus­
trtc Norme na ussch uss) s ian ­
dard . O the r cu rves ex is t. b u t
those In Table 3 h ave ac h ieved
wo r ld -wide re cognit ion . Mosl
manufact u rers offe r pla tinum
matching th e DIN R versus T
ta bl • but often with tighter or
loos accu racies. Not all plan­
nun hcrmome tcrs cover th e
en re - 200 to 850°C range,
an d a OO"C upper limit
i c mmo

Sen sors of 100 ohms (at DOC)
a re most common. bu t others
exis t. At 100 ohms. platinum's
se nsit ivity Is 0.385 oh ms!.: be­
tween 0 an d IOO"C. deere g
sligh tly as te mp erature ~ .
Nicke l's s e n s t n v 1y Is 0 .6 18
obmsf'£ . In~asl ng wit h tern -

e ra re o Htgh er re s is tance
s en sors provi de p ro portionally
h tgh cr oh ms per degree.

Platinum Is expensive. bu t
very litt le metal Is u sed in rnak ­
ing RTDs. Typ ical too-ohm ele­
me nts use about 22 inches of
O.OO I·l nc h d iam e te r w ire
wou nd on a small cera m ic bob ­
b in .

Manufacturing deta ils va ry.
bu t t he wire m u st be co n­
s tra in ed well enough Lo avoid
s horts between turns. ye free
e n oug h to m tn t rpf xe s t f-arn ­
gage effects due td therma l ex­
pans Ion . The Ilnfshed e'.tme nt
Is usua lly enc ed wtthtn a n
outer cera mic or glass hous in g.
Mos t elemen t a re u n de r 0 . 1­
Inch dlamct~ ri d a fraction of
an Inch Ion . Figu re .. shows
some typl ca eleme nts.

The biggest Cha~l nge for
manufac"Xcrs is ace C)'. and
0.2SeCa racv cor ponds to
0 .1% res t ance. or a ut 0 .022
Inch of wire . Some manufac­
tu rers ca refu llv con trol the wire
length wh ile "e t hers h ave de­
velop ed me t hods to trim a t a
kn own tempera ture. Th e wi re
composition Itself must be ca re­
fu lly con t rolled: ve ry s li g h t
amounts of impurities are al­
loyed wit h t he p lati num to
achi eve the correct temperature
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I " (RID .. "rADl lltlEARIlES
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•
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FIG. 5-FOUR·WIRE MEASUREMENT (al measures the RTO's resistance and ignores
lead wi re resistances co mpletely; il also recmces nneaeu aucn lor pl atinum RTO·s.
Three-wire ci rcuitry (bJ co mpensales lor voltage drops In the lead wires.

FIG. 4-TYPICAL RTD ELEMENTS. with leadS attached. The small square element
toward the righ t of Ihe picture is a platinum-film element. (Courtesy of sen sing
Devices Inc.)

te mpera ture rise o f motors .
ge nerators , a nd t ra nsformers.
Ot her auovs h ave been u sed 10
crea te HTb 's . but we will not
cover 111('111 here.

RTD clemen ts ca n be a s­
semble d in to a wide variety of
probes. as can thermis tors a nd
th ermocouples .lnc!udlnAsoltlc
wit h threaded fittings for per­
manent installation Into Ind us­
trial processes. A point ed probe
co u ld be used to monitor the
cook i ng o r ref rigeration o f
foods . while a na t probe (made
from a film element! cou ld be
used to mea sure su rface rem ­
peruru rcs , O the r s ty les a re
available. Includi ng laborat ory
type s and probes wit h be nds.

RTD circuits
RT I> rea dout circuits are

b a s ic a lly ohmm et e r s . s pe­
cialized to Ignore lead -wi re re­
s is ta nce and (so me ti mes) to
compensate for R vers us T non­
linearity, Since typical RTD sen­
stuvtt tcs are 0 .4 01'0.6 ohms per
deg ree. eac h oh m of lead res is­
tance co n tr ibutes about 2"C
measurement er ror. Therefore.
compensat ion circu itry must be
used ,

Four-wire res is ta n ce mea ­
s u re men t co mple tely ignores
lead resistances . but three-wire
compensation circu itry Is more
common. IAn extra wire ca n be
expensive in a n Industr ial tn­
stallatlon! ) In Fig, g-a , four-wire
(also known as Kelvin) ctrcut try
uses one pall' of leads to exc ite
the sensor wit h a constan t cu r­
ren t and a second pall' to mea­
s ure lts vo ltage dro p. T he
voltage drops across the excita­
tion leads are not seen by the
di fferen tial amplifie r. a nd the
measurement leads ca rry es ­
sen tlally no cu r ren t. so the ir
voltage drop Is zero. Therefo re.
the a mplifier's in pu t sees only
the voltage drop across the RTD
Itse lf. The circu it also performs
linear ization . b u t we'll co me
back to th at In a moment.

The three-wire circu it In Fig.
5-b uses an Identical controlled
cu r re n t sou rce but d ifferent
readou t circu it ry.The main a m­
pl ifiers " +" Inp u t sees the CO Ill­

blned voltage drop of the RTD
and Ih e two exc ita tion lends.
The second ( x 21am plifier sees42
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only the IR drop of the lower ex­
cita tion lead. The x 2 amplifier
doubles that voltage a nd pre­
sents It to the main amplifier,
wh ich subtracts it from the
total. Thus. the s ignal seen by
the main amplifier is (I x IRl'D
+ 2RU.:AUJJ - (2 x I x Hl.I':AUI.
which eq uals I x HTO. Compen­
sa uo n will be perfect as long as
the res is ta nces of th e leads and
their con nections are eq ua l.

Now. back to li nea r iza ti on .
Platinum Rf'Ds decreasc In sen­
stt tvny (ohms pe r degree } as
temperature r ises . That ca n be
compe nsa ted for by caust ng the
cu rre n t sou rce to Increase
sligh tly wit h temperatu re. In
Fig. 5- <1. a s ll~h t amou n t o f
postuve DC feedback (muc h too
s mall to cause osc illa tio n ) In ­
creases the con trolled cu rre n t
source as th e out pu t r ises .

Figure 6 shows a pract ical cir­
cu it. The co ntrolled cu r ren t
sou rce cons is ts of lCI-b and g1 :
IClob compares the voltage drop
across R2 to the voltage on HTs
Wiper and controls gl to keep
the two equal. Res is tors H3 a nd
H4 "pad" the value of H2: when

TABLE 2-70o-SERIES THERMISTOR PAIR
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12 (Ohms)
(30K at 2S' C)

481.0K
271.2K
1S8.0K
94.98K
58.75K
37.30K
24.27K
16.15K
10.97K

7599
5359
3643
2799
2069

I x tRTD+ 2Ru ':AIJ + 100m
IC2's ou tput Is the difference:
I x (fnD - 100m . S ince the In O
Is 100 ohms at OCC. thc output
a t zero degrees Is zero mlllivolts .
With the ci rcu it values shown .
sensitivity Is I mvrc. which Is
handy for measuring tempera­
tu re with a DVM.

Zero Is set byprovtdt ng a 100­
oh m Inpu t and se tt ing R4 for a
O-mV out put. The ga in Is ad­
jus ted via R7 for 500 mVoutput
a t 280 .90 oh ms ISOOCC ). Be­
cause RTDs are tntercha ngea­
ble , yo u d o n ot n ecd know n
te mpe ra tures o r a referen ce
the rmometer for caltbrauon .

Th ermocouple s
A the rmocouple Is simply two

unlike meta ls joined together.
The Junction produces a voltage
th a t Increases with tempera-

Tl (Ohms)
(6K at 2S°C)

106.2K
58.26K
33.20K
19.59K
11.94K

7496
4634
3196
2162
1493
1051

753 .8
549.8
407.6

Temperature
~C cF
- 30 ( - 22)
- 20 ( -4)
- 10 (14)

o (32)
10 (50)
20 (68)
30 (86)
40 (104)
SO (122)
60 (140)
70 (1SS)
80 (176)
90 (194)

100 (212)

Temperature Platinum Tolerance Nick el Tolerance
('C) (Ohms) ('C) (Ohms) ('C)
- 2<JO 18.49 1.3
- 100 60.25 0.8
- 60 76.33 0.6 69.5 2.1
- SO 80.31 0.55 74.3 1.8

0 100.00 0.3 100.0 0.4
50 119.40 0.55 129.1 0.75

100 138.50 0.8 161.8 1.1
150 157.31 1.05 198.7 1.45
160 168.46 1.2 223.2 1.7
2<)0 175.84 1.3
400 247.90 2.3
600 313.59 3.3
800 375.51 4.3
8SO 360.26 4.55

properly adjusted . the net res ts ­
ranee of R2. H3. and R4 is 100
ohms. Filter H.S·C2 rem oves 60
Hz or ot her noise picked up by
the HTO leads . The main ampli­
fier. IC2. is a d ifferen tial a mpli­
fier with a ga in of 1. The positive
feedback from R I6 Increa ses
the rn o curren t with output.
lineariZing the platinum curve
to bettcr than =O.SoC between
o and SOOcC. L1nearlzallon de­
grades so mewhat at h igher and
lower tempera tu res .

Components ICI·a . R IO. a nd
H1 1form the x 2 amplifier. wilh
Hl a nd CI prcvtdt ng fil tering,
Notice that ICI-a amplifies thc
vol tage drop across R2 as well as
that of the cu r ren t-ce r rytnu
lead. Its outpu t is :

2 x I x tRU : AIJ + 10001
Nownot ice that the main ampli·
fler 's Inp u t is:

TABLE 3-PlATINUM AND NICKEL RTO'S (DIN STANDARD 43760 )

Resistanc e
Ohms
1660K

702.3K
316.5K
151.0K
75.79K
39 86K
21.87K
12.46K
7.355K
4.482K
2.814K
2.252K
1.815K
1.200K

811.3
560.3
394 .5
282.7
2<J6.1
152.8
115.0
87.7
67.8
53.0
41.9

Tempera tu re
~C ' F
- 80 ( -11 2)
- 70 ( -94)
- 60 ( - 76)
- 50 ( - 58)
- 40 ( -40)
- 30 ( - 22)
- 2<) ( - 4)
- 10 (14)

o (32)
10 (50)
20 (68)
25 (77)
30 (86)
40 (104)
50 (122)
60 (140)
70 (158)
80 (176)
90 (194)

100 (212)
110 (230)
120 (248)
130 (266)
140 (283)
150 (302)



TABLE 4-STANDA RO THERMOCOUPLES

Applications

Oxidizing & inert
atmospheres. Avoid reducing
atmospheres. metallic vapors .

(Same as type A )

Reducing and inert
atmospheres. Avoid oxidation
and mois ture .

OxidiZing and inert
atmospheres.

Most atmospheres Best
choice below O°C. Moisture
ok.

Oxidizing and inert
atmospheres. Highest
sens itivity.

Hi temp and oxidiZing. More
stable than type K.

(Same as type A)

Sid. 2.2"C or .5%
Special : 1.1'C or .375%

Sid: 0 .B3°C or .75'%
Special: 42'C or .375%

SId: 2.2'C or .75'%
Special : 1.1°C or .375%

Sid : 2.2'C or .75%
Special : 1.1"C or.4%

0.5%

1.4'C or 0.25%

(Same as type R)

(Same as type J )

Speci fied Error
(Above O'C )

- 270 to 13OQ"C

- 270 to 1372 'C

- 210 to 760'C

- 270 to 400'C

- 270 10 1000"C

o to 1820°C

Specified
Temper ature Range

(Same as type A)

K: Chromel vs.
Alume!

T: Copper vs.
Constantan

S: PV1 0% rhodium
vs. pure pt.

B: PV30% rhod ium
vs. pt'6% rhodium.

E: Chrome!vs.
Constantan

N: Nicrosil vs.
Nisil

Platinum Alloy Th erm ocouples:

A: Pt/13% rhod ium - SO to 1768'C
vs. pure pt.

Th ermoc oupl e Type

Base Metal Thermocou ples :

J : Iron vs.
Constantan

. 5'/

CJ
e.t..F

0> R" R13 ~

MPS A1 3 ."'" 1"'"
1I (DARur' OTON) 1% .. IIIJTI'UT

ImVrc
. 5'/

1lO'n 3 7PLATINUM • 6 ~RIO 5 'h lM358 2 102
• 7 -

R' C1 R14 4 lM307
l OOK u.t..f 10011
5V. .% - 5V

1 I ~
RIO Rl1 Rl5, lOOK ' OOK l OOK

AS 1% .% 1%
l OOK . SV C1
5% z • O.l..f -

R3
C2 ICI·b6200 3 IIJ l M35B

R' 5% O.I..F • • R16
1H"1 80.6K

1% R1 ""
R6

- 5V R8 1%

"
1.741( 1.74K

ZERO .% "" .%
.5V

~ R7 ns
soon 34.0K
GAlli 1%

FIG. 6-THIS CIRCUIT INCLUDES 3-WIRE lead compensation, linearizes a platinum
AlD. and prod uces a 1 mVrC output.

tu re. Almos t any pa ir of dis­
similar metals ca n be used 10
make a thermocou ple. but some
\\'111 be more stable a nd accu ra te
tha n others . EI~h t types a re
documented by NIST (former ly
NBS) as s t a nda rds . b UI s pe­
cia lized n onst a ndard t h e r­
mocouples a re available as well.

Thble 4 lis ts the eigh t stan­
da rd types . wh ich a rc Iden tt fled
by le tt e r codes . The firs t five
Itypcs .J. K, T. E. and Nlarepat rs
o f bas e-metal a lloys . Type K
covers the wides t range and is
mos t popula r. (Handheld DVM­
l i k e t he r mo co u p le t h e r­
mometers most often use type
K,) 1YPe N, the newes t. is s im­
ilar to K bu t Is mo re st able at
hi gh temperatures an d in ox ­
Idizing atmospheres . Type T Is
best below freezing and in moist
atmosphe res . bu t is vel)' limit ed
a t the upper end because one
lead is coppe r. 'TYpe J includes
Iron and sh ou ld not be used In
mo is t or ox id iz i ng en vfro n ­
men ts . It is the bes t ch oice for
iner t or red ucing a tmospheres.
Typ e E is the mos t sensitive of
the s tandard the rmocouples ...



FIG. 7-COLD-JUNcnON COMPENSATION is necessary to offset EMF's generated by
the unwanted thermocouples at the readout connections.
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o
0.334
1.037
3.339
6.529

10.296
14.389
18.607
22.213
22.792
26.820
30.009
30.592
34.022
36 .884
38 .556

Tung sten V5 .

Tung sten-26%
Rhen Ium

(mV)

o
0.647
1.468
3.407
5.582
7.949

10.503
13.224
15.639
16.035
18.842
21.108

provide cold -j u n c tion com pen­
sation , Accurate amplification
o f m ill ivolt -leve l stunats r e­
qu ires s t a b le . lo w-drift op ­
amps .

The rm oco uples arc n ot as
easily lin ea r ized as IU Ds , but
we \\' 111 n o t s how s pec ifi c ci r­
cuits h ere . A wid e vancty of'an a­
lo~ tcc lmtqu es h ave been used.
th e most common be in g d iode
breakpo int ci rcu its. T hose ctr­
cu lls us e op-am ps . d iodes , p re­
ci si on res is tors . and t r im m e r
potentiom eters to crea te a n O ll t ­
put versus In p u t functio n con ­
s isting of a ser ies of s tratgtu­
line s egme n ts which a pprox t­
m ate the req u ired cu rve, Other
a pp roaches use a nt.' o r seve ra l
com putation a l Ie 's (ex pon e n­
tial. logartthmtc. etc.I as part o r
the ltncartzanon ctrcuttrv

Today II Is common to d ig it ize
the ampli fied s ig n a l a n d lin -

Type R
Pt-13% Rhod Ium

V5 . Platinum
(mV)

r ·--- ---- -- ------ -- - -- - - ~

- 6.548
- 5.891
- 3.553

o
4.095
8.137

16.395
24.902
33.2n
41.269
48.828
54.875

Type K
Chromel V$ .

Alumel
(mV)

TABLE r-VOLTAGE VS. TEMPERATURE

- 270
- 200
- 100

o
100
200
400
600
BOO

1000
1200
1372
1400
1600
1768
1800
2000
2200
23 15

METAl A , COPPER
,

• , •
i AY "

MI LLIVOlT
TEMP ERATURE

,
READOUT,- OEPENDENtMElAlB , COPPER , -, MILLIVOlT ,, SOURCE

,, ,L _ _ _ _ _ _ _ _
-- - --,

Temperature
re)

T1

Thermocouple circuit
A therm ocouple circu it m u st

do th ree rhtngs : a m p lify mill i­
vol t -level s tg nals. co rrec t for
non ftn cartucs In th e mill ivolt­
ve rs u s -te m pe rat ure ta b le . and

t ro l d evi ces . Ex ten sion wire
matches m easu rement win' nt
a mbie n t tem pera t u res . b u t Is
not s u it a b le for h tgh- o r low­
te m peratu re u sc,

S econ d, the r m ocouple cab le
Is o fte n coded b y In s u la tio n
colo r. Type K, Ior exam p le . Is
ide n tified b y ye ll o w o n the
posit ive w ire a n d red o n t h e
ncgauvc. An ou te r b rown ja cket
Id en tifies measu re men t-g rade
wire: typ e K ex tens ion win' Is
vellow No le thai a ll color-cod ed
i bcrmocou plcs u se red to tde n­
ufy th e uegauvc wire , wh ic h
seem s backwards to m ost o f LIS

In elect ro nic's .

Types R. San d U cons ist o f
va r io us pl a ti n u m -rho d iu m a l­
loys . T hey a re more s tab le and
acc u ra te. a n d operate to h igher
te mperatu res. T h ey a lso arc less
scnst ttve a n d . of course. more
expeu s tve . Types Hand S arc
ve ry s im ila r to each other, Type
B goes a b it h igher in tempera ­
ture, bu t fa lls off drastt cany in
s ens tu vtty belo w s everal hun­
dred d egrees . AU th ree lose sen­
s itivity n ear roo m te mperatu re.

\\'t' do n ot h ave room h eft" for
d a ta on a ll therm ocouples . b u t
Table 5 gi ves ab b revia ted m illi­
vo lt versus temperatu re tab les
for types K, H. a n d a nonstan­
d urd h ig h -te mpe r at ure t u ng­
ste n a lloy t h er m ocouple. (T h e
m tn log from Omega Eng tncc r­
lng , S ta m fo rd , CT, men t ioned
la st m on th , con ta in s com p lete
th ermocouple reference data.l

Therm ocouples o ffer mo re va­
r tety In s ize, s hape. a n d co n fig­
urat ion tha n a nv o ther sensors.
l 'rcassemblcd probes are ava tl ­
a b le in many st yles , a n d wire Is
av a ila b le ban' or In s u la ted wit h
s u c h m ate r ial a s r vc . Teflon
a n d ce ra mtcs . Vari o us dtame­
lers a rc a vatleble fro m 14 AWG
10 0 .0005 In ch , a n d rib b on ther­
m ocouple s serve fo r s u rface
temperature measuremen t.

T h e ju n cti o n is usu a lly
form ed by weld ing the two wires
to gethe r. a lt hough twis ting
works fo r te m porary purposes .
One-s hot m easuremen t o f mol­
ten s teel ca n bt, made by s im ply
p lung in g the two wires Into th e
steel . Wires m a y b e welded to
m et al sur faceaor epox i ed In
pl a ce . One p recuu uo n w h e n
ma ki n g s u rface measurements:
pl a ce some of the con nec u ng
wt rc a long the s u rface to make
s u re it d oes n ot con d uct h ea t
away from the juuc uon .

'Iwo fin al n o tes on wire : Fi rs t.
It ca n be expcns tve. Less -expen ­
s tvc exte ns ton -u rnd e w ire Is
so m e ti m es u sed In indu strial
In stallauons to connec t remot e
m ca s u rcmen t poin ts to t h e
readou t rnsrrumcnts . Measure­
m e nt -grade w i re is used 10
m a k e t he mea surement a n d
runs ou t to loca uons at a m b tcnt
temperature. where it is s pliced
10 cx tens to n w ire . T h e cx n-n ­
sinn wire runs th e rest o f th e
di s tance to ti ll' readout or con-



OUTPUT
l mVrc

+5V C1
O.l J1f

Rll :LlRI R2 R6 l.OMEG 10K
TOMEG 2.21< 8251( 1% ,%

5% 5% .-
R9

~

' 00><

~
RlJ

1% 11 .5K

3. 7 1%

r. -- 1
102 6

• ~ I CW 2b1(:'- (
R3 ON - , RJ<, 10K R7

-5V -:
5K r,

Cl"~
lK IW"K _-1 IIRO RIO ON

L __
R' lOOK~IV, lM335 2.491( .-
1% R12 R16

(ICl AND I,OM EG 10K
TERMINAlS ' V. ".

MUSTBE AS R'ATSAME
10.00 1.33K 02

TEM PERATURE) .- .- O.lJlf

""TV"
0-100()«:

(0- 41.269m

FIG.8-THIS CIRCUIT PROVIDES cold-junction compensalion and amplifies a type-K
the rmocouple to 1 mvrc.
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ca rtzc It wit h a microprocessor.
On the other hand. s ince ther­
mocouples a re a pprox imately
lin ea r they m ight n ot be lin­
earized at all.

Le t 's loo k a t cold -ju ncti on
compensation. Remember that
a ny co n nection bet ween tw o
unlike metals gene ra tes ther­
mo couple vo ltage. Figure 7
shows th at two unwanted ther­
mocouples (cold junctions ) a re
formed wh ere the wires are con­
nec ted to the readout 's copper
cir cu it ry fT21. As the 1'2 temper­
at ure changes. the read ing wtll
be a ffected . even if 1' 1 rema ins
constant.

The cold -junctio n voltage is
predictable. however. in fa c t. its
temperature coefficie nt Is equal
a nd opposite to that of the th er­
m ocouple it self. (If 1'1 a nd 1'2
are equal . the net voltage w ill be
zero. j It Is a fa irly s im ple matter
to us e a sem ico nd u ctor o r ther­
mistor temperature sensor with
ci rc uitry creati ng a n offsett ing
m illivolt s ignal.

Figure Bs h ows a co m plete c ir­
c u it c a pa b le of p ro duc ing a
Imvr c ou tput from a type-K
th ermocouple. It Includes co ld­
j unc tio n com p e nsation. but

FIG. 9-THIS HANDHELD DEVICE mea­
sures lemperature usiog nooc onlact 10'
trered , radiat ion thermometry.

d oes no t lin eari ze the ther­
m ocouple cu rve. It wo uld make
a n idea l c i rc u it to turn vou r
D1\I I\.'1 in to a thermometer..

Lets start w llh the cold junc­
tion co m pensation . An LM335
temperatu re sensor IC (dis­
cussed las t month)generates 10
m V/K 1273 . 15 m Vat DOC I. Po ten­
tiometer R3 a dj usts the precise
scnstu vuy o f the IC- you can

omit it if yo u use a tight-toler­
a n ce grade LM335 . H:4 a nd H:5
divide the s ig nal down to 40 PoVl
K. eq u ivale n t to type K's s en ­
s tt tvtty at room tem peratu res.

Without R I3 a nd R14 . the
gain of IC2 . a modified d iffere n­
tia l am plifier. w o uld b e I
megoh m/WOK. o r 10. Res is to rs
HI3 and RI-t work with R I5 a nd
IU 6 to di vide the feed back s ig­
n a l by 2.42: I . wh ic h mult ipli es
the closed- loop gain by the same
fac tor. The res ulting 2 4. 2 ga in
produce s a 1000 -mV output
from t he 4 1.269-m V (lOOO°C )
In put signa l. The zer o offse t
provided by RG. R7 . a nd RB Is
needed beca use the co ld-junc­
tion com pensatio n voltage is
no t ze ro a t O°C.

Note that IC I must be at the
sa me temperature as the ther­
m ocou p le co n n ec ti o ns . O n e
co ns t ru ctio n tec hn iq ue Is to ep­
oxy the IC to the terminal bloc k.
To ca lib rate. mea sure the a m­
b ient temperatu re . then set R3
for the proper voltaue across IC I
t 10 mV/K. which Is 2 .732 volts
plus O.OlVrCI.

Zero a n d gain calib ration Is
tri c ky because di s connec ting

continued on page 83



DO ES "'OUI{ DOG KEEl' YOU AWAKt-:

n ight s yelping at the moon or
Just a bout a ny t h ing real o r
tmagtned that moves ? Has that
Fluffy, cu d d ly pup tha t yo u
brought home Just wee ks a~o

become a fou r-legged IOO-dB
loudspeaker that 's endange ri ng
neighborhood tra nqu ility? Has
Spot frightened the mailman,
the paper boy or the Girl Scout
on her coo kie rou te? Ifyou r an­
swe r to one or more of th ose
ques tio ns Is yes, you sho u ld
cons ide r bu ilding this safe. h u­
mane , and effic ien t radio-fr e­
que ncy dog trainer that co n­
trols nuisance barking without
affecting t he dog 's ability to
bark whe n It's desi rable In cases
of alarm or Int rusion .

Developed In cooperation
with a major research laborato­
ry and tested and approved by
veter ina r ia ns and an im al be­
ha vior is t s , the Dog Tra iner
co mbines a dva nced BleMOS
(b ipolar combined with CMOS
technology on the sa me ch ip )
electronic control circu it ry wit h
h igh freq uen cy-vib ra tion gene r­
a tion to tea ch mos t d ogs to
modify th eir barking behavior
within a few weeks .

Basic concept
Your handheld RF transmit­

ter sends a coded signal tha t's
picked up by a subcutaneous re­
ceiver implanted In the fleshy
part ofyou r dog's neck as shown
In Fig. I. The coded signal tri g­
gers a ml crores onator tha l
causes a painless but an noying
tickling vtb ratlon In you r dog's
neck, not unlike a flea b iting,
The tiny resonator grabs you r
dog 's attention a nd re mi nds
him or her that It's time to quit
nuisance barking. Figure 2 Is a
s implified block diagram of th e
complete Dog Trainer; It is not
In tended to turn a good wat ch ­
dog In to a pass ive puppy. For
exa mple , you wouldn 't want to
Inhibit your pet 's alarm barking
when you r smoke ala rm goes
off, you r dog Is being attacked
by the local pit bull. or you for­
get to pu t ou t hi s bowl of Alpo.

Stimul us-response
The Dog Tra i ne r d emon ­

s trates the beneficial effects of
the stimulus-response concept

Silence nuisance dog barking safely and
humanely with a wireless remote trainer.
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nr OUTPUT
49 7Wil

FOIL PATIERN for the Dog Trainer trans­
miner single-sided PC board

9·811 COOE

•

arOSCI LLATOR

i
,,

I.l ICROMACIIIIIEO,
" OECODER

RECEIVER f-- l OGIC - > POLYSlllCOlj,
RES01IATOR,,

..------------------------ ------------ --- ...,,,,,,,'- J,
FIG. 2-BLOCK DIAGRAM OF ELECTRONIC DOG TRAINER SYSTEM showing hand ­
held RF transmitter and an Implanted actuator.

Microminiature resonator
The trainer inc ludes the firs t

cons umer application for a ml­
cro mac hined s ilicon resonator
shown in Fig. 3 . Fabr icated with
ma nufactur ing techn iq u es
s imilar to those used for Inte­
grated elect ronics. th is "solid­
s tate" linear resonator featu res
a pai r of folded-bea m suspen­
s io n s. Th e vib ra ti ng m icro­
s tru ctu re is a transducer that
sends s igna ls di rectly to you r
dog's nerve endings th rough an
Impeda nce-match ing s illcone
dome in the mini atu re impla nt.
In effect. the device is a tiny so­
nar emitter.

first set for th by the famous
Ru s s ian p h ysi o log ist. Ivan
Pavlov (1887- 19351. He s timu­
lated a dog wit h the sound of a
bell for a brief pe rtod. a nd the n
gave it food and measured the
resultmg flow of saltva. After a
cons iderab le num ber of pair­
Ings ofbell with food , the sound
of the bell alone would call forth
s a liva ti o n In s o mewh a t the
same manner as had th e food:
that Is to say. the be ll had taken
the place of the food as st imulus
to salivation. Pavlovcalled this a
cond itioned reflex. but because
later work has shown that manv
othe r responses than reflexes
alone can be conditioned In a
s im ilar m anne r. t he phe ­
nomenon has come to be known
as th e cond it ioned res ponse.

Prolonged yelpi ng by your dog
alerts you to the need for s tlenc­
Ing your pet so you press th e
bu tton on your ha nd held unit .
Th e Irritant provided by thc re­
motely operated resonator first
s ta r tl es yo u r dog wh o soon
learns to relat e th e onset of the
ir rita t ing sensat ion to h is or her
nuisance ba rki ng. Pretty soon.
an tici pa tion of the sensa tio n
w ill ta ke ove r a nd you r dog
learns tha t. exce p t for a few
short alarm ba rks , s ilence will
avoid the Irritan t. In this case
the reson a tor Is the s ti mulus
and cessation of nuisance bark­
ing is the cond itioned response.

This tra iner Is a n alte rn ative
to shock colla rs . acous tic col­
lars, or even vocal-cord su rgery
as ways to co ntrol nuisance
bar king . It has obvious humane
advantages over s hock colla rs
and surgery, and not so obviou s
ad vantages over h igh-frequen­
cy sound colla rs , As a n a lte r­
nati ve to th e sound collar. you
don 't need th e spec ial collar th at
Is vulnerable to water and you
don 't have to replace a a -volt
ba tte ry in th e dogs collar,

Because th ere is no collar.you
don 't have to worry about ru in­
Ing th e electroni cs In the collar
If Hex runs o u t In the rain .
Moreover, you ca n give Rex a
ba th at a ny time because the
self-con ta ined receiver-actuator
Is under your dogs skin. Your
dog can ru n throug h s prinklers
or plunge In to rivers, lakes or
oceans to h is heart s con tent.48



FIG. J-MICROMACHINEO SIUCON RESONATOR provides stimulus to inhibit dog
lrom nuisance bark ing. Supporting anchors for folded beam are cutaway. The reso­
nator is integrated on a chip with receiver-decoder circu itry.

The linear resonator in th e
Dog Trainer ac tuator Is sus ­
pe nded by a pai r of fo lded
b e a m s a n d d ri v e n el e c­
Irostatlcally with a comb struc ­
ture. Vibra tional motion Is In
the x direction. while sideways
motion in the v direction is
da mped by the- folded beam .
The use of electrostatic forces
for actuating microstructures is
especiallyat tractive because the
magnitude of th e Induced force
scales favorably with the small
size o f the actuato r, approxt ­
mately 35 microns wide.

Th e resonator is made by su r­
face machining deposited thin
films . Both a nisotrop ic reactive
Ion etchi ng (RIE)and wet chem­
Ical etching are used to define
deposited film s such as po ly­
s ilico n (51°7), si lico n n itr ide
ISI3N4)' a nd ph osphosillca te
glass (PSG). To create this free­
s landing s tructu re, th e under­
lying superlicla llayer of 5102 or
PSG is removed by h igh ly selec­
tive hydrofluoric acid tHFl etc h­
Ing. a fter the polys ilicon layer Is
deposited a nd patte rned . The
resonator Is app roxi mately 10
microns thick.

The resonator is a n Integral
part of th e microm in iatu re ac­
tu ator ass embly. co mbini ng a
m eMOS RF receiver and de -

TANTAlUM ElECTAOOES

(TOP 'S;' .

RECEIVER-DECODER
CIlIP

POlYSIUCON
lATERAl

RESONATOR

AG. 4-ACTUATOR PACKAGE SHOWING the location or the lateral resonator, re­
eerver-eeeeee r chip and top and bottom electrodes that act as antenna terminals
with in the dog. 49
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FIG. 6-PARTS PLACEMENT.Mount and
solder all components as shown here.
Note thaI Jumper locations set code.

FIG. S-SCHEMATIC OF REMOTE RF
transmitt er sends coded signal to im­
planted actua tor p<lckagein dog up to 50
feet away. Jumpers to power bus indi ­
cate high ; those to ground bus Indicate
low. Cod ing shown is 111000111.

s ts ta uce-capa cttance osc illato r
eliminates th e need for crys tals
to con trol frequency. Th e trans ­
m tt tcr ct rcu tt can be buil t in one
even ing and put to use wit h in
hou rs a fter that.

lf you don 't purchase th e full
ku , s ta r t construction by etch­
Ing and th en drilling you r PC
boa rd . Th e full s ize foil pattern
Is shown. Use th e parts place­
ment Illustration . Fig. 6 . Solder
the DIP socket In place first. fol­
lowed by IC2. noting p in a r­
rangem en t. L2 is a hand-wound
ant en na . Wrap a 22-gauge insu­
lat ed solid copper wire tightly
a rou n d a I/S " drill bit nine
u mcs . s trip its en ds and solder
It flush to th e PC board. The
rema tn tng co m p o ne n t s can
now be solde red in place. Re­
sistor RI and con nector CI con­
n ect to IC2 s oscillator ou tp u t
pi n 14. T he res istor-capacitor
network precisely controls the
frequency transmi tted.

lled h im to the basement. Th is
featu re also permits you to ca rry
on a phone conversation wh en
the door bell or ch imes so u nd or
t h e buzzer goes off on yo u r
cloth es dryer.

Figure 5 is th e schema llc for
th e transm itter capable of trig­
ger ing the Dog Tra in er at dis­
tances up to 50 feet. By tyin g
th e ac tuato r's nine In pu ts pins
to a high. low. or open . th e sig­
n a l m ay en code o r a lloca te
3 x 10 9 o r 19. 6 8 3 d ifferen t
codes. This s ign al Is th en trans­
mitted seria lly. The on -chip re-

PARTS LIST

All resistors are t za-watt, 5%.
R1 - 10,OOO ohms
capacitors. All are 50 vol ts DC,

10% tolerance , mono or ce­
ramic disk unl ess otherwise In­
dicated.

C1--o.01j.1.F 5%
C2--o.1j.1.F
C3,C4-47pF ceramic disc
Semiconductors
IC1- AF311992 recever-oecoder­

resonator
IC2- AP139F encoder-transmitter

chipEP Q1-2N2222 NPN tran­
sistor

Other components
L1 --Q.05 uH fixed inductor (Indue­

mx 00.319-02 or equivalent)
L2- antenna (hand wound, see

text)
SW1-4-miniature $PST·NQ rno­

mentary pushbutton switch
81-9-voll alkaline battery
Miscellaneous: PC board. project

case (builder'schoice), DIP sock­
et. ballery holder. hardware as re­
quired.

Note: the following Item s are
available from Jack 's Elec·
tronics Emporium, P.O. Bo x
4079, Farmingdale, NY 11735
• PC board only-13.50+3.50
S&H.
• A complete kit of part s In­
clUding recetver-deccder- res­
onator, PC board, all ccmpc­
nenls, mach ined plastle case
-$1992.00 + 3.00 S&H.
• An assembled and tested
transmitter-$9g2.00 + $3.00
S&H.

Send cheek or money order. New
York res idents add 8% sales
tax. Allow 6-8 weeks for denv­
''Y.

coder 011 a chip. This circuitry Is
furn ished prepackaged In a
min iscule ca psule as shown In
Fig. 4 . The caps u le. which mea­
s u res approximately 50 m icro­
ns In diameter by 200 microns
long . Is Imp lanted with a hypo­
dermic needle. The caps u le Is
loca ted In the hollow n eedle of a
syringe fu rn ished as part of the
ki t obt ai nable from the au thor.
It Is recommended th at th e im­
plantation be pcrfonned by a li­
censed veter tnartan .

Th e kit con ta ins th e syr inge
wit h t h e rece iver ca ps u le as­
sembly. the PC board. sem icon ­
d uctors. res istors. ca pacit ors.
an d other parts. Th e act uator
implant In a sy ringe is available
on ly from the au thor. Insertion
of t h e ac t ua to r Is vt rtua lly
pa inless an d shou ld take a ny
qualified vet only abou t 10 sec­
onds. You give your vet th e di ­
rec ti ons as to re co m mended
loca tio n .

How does i t work?
The actuator assembly is en­

ca psu la ted wit h a n on -toxic .
non-allergen ic mat er ial and can
rem a in u nde r you r dogs ski n
tn deflnuely Th e tantalum elec­
tro des form a conduc tive bond
between you r dog s tissue and
the Interna l elec tro nics . Th e
dogs body; ac ti ng as a n a n ten­
na . relays th e con tro l signals to
th e tantalum electrodes. Th e
Signal is amplified and sen t on
to th e decoder. The decod ed s ig­
nal Is the n fed to th e actuator.
Ea ch Implanted act uator has its
own ide ntification code to p re­
ven t In terferen ce from say. pa ss ­
In g airp lan es . ga rag e-doo r
ope n ers . o r microwave ovens.
Tra tntng lime ca n va ry depend­
in g on you r dogs breed and h is
personality.

If a vali d data com m an d Is
pres ent a t the Im p la n te d re­
ceiver with in th e dog. the reso­
nator is triggered . Th e ch oices
of switch fu nc tio n ava ilable to
the ope ra to r on Ih e handheld
transmitter a rc: volu me u p. vol­
ume down . on/o ff. an d m u te.
The use of these Is arb it rary. de­
pendin g on h ow you wan t to
tra in you r dog. You m igh t want
to press mute when co m pany
comes over and Rex pers ist s In
barking even a fter you have ex-so
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The Iden tifica tion code must
be se t to ma tch th e tra nsmitter
to t he rc ce tver. ICZ's pins, I
th rough 7 a nd 8 and 9 a re the
Input bits co n trolling you r ID
code. The number on the la bel
of the s hipping bag for the syr­
inge Is the da ta 10 code for your
specific un it. 11100 0 111 Is a
sa mple 10 code. This mea ns the
fir st th ree pi ns . 1-3 , arc tied
h igh , with the m iddle th ree tied
low, a nd the las t th ree tied h igh .
Don 't lose thts code. You will
need it Hyou wan t to build addt ­
tl ona l t ransmitte rs. or order
mo re recei ver ch ips wit h the
sa me 10 .

Onc e you ha ve assembled the
tra nsmit ter, la ke you r dog, a nd
th e actua tor as se mbly wll h dl­
rcc u ons fo r im plan ti n g it to
you r vel. Walt at leas t two h ours
aft er th e Implant operation be­
fore you tes t your circuit . You
mus t a llow enough ti me for the
tis sue to bond to the electrodes.

If the tra nsmit ter ci rcui t that
you built from a kit does no t
seem to be wo rking, recheck
your work . As with a ny ca n ­
st rucuon project. check for sol­
dc r b rtdges. swapped wires , a nd
poorly soldered con nections .
The most likely m istake will be
im properly placed j umpers de­
tennln lng the code.

In the unlikely ins tance th a t
your s ilencer tra ns m it ter In ter­
fe res wit h yo u r n e ighbor's TV
sets or opens their ga rage doo rs
and the y s ta rt to co mplai n , re­
s pond by asking them If the y
would ra the r have the se m inor
In conveniences or put up wtth a
noisy dog. You cou ld , of co urse,
demand that they change th eir
ga rage door codes. Mos t nei gh ­
bo rs w ill u nders ta nd .

You wouldn 't wan t the tra ns­
mt u er to fall just as you get an
Important phone call or a n u n ­
expected vtst to r. You 'd be re­
d uce d to having to scream at
your poor do g. So kee p a s pa re
a-volt battery withi n the en­
closure just In case.

Sque lchtna t he unwanted
barks of ma n s best frie nd has
now become safe. h u ma ne a nd
easy With a 50-foot range a nd
the us er-fr tendlv h and held re­
mote co ntrol. we can all s leep
be tt e r. At leas t we cou ld If It
wa s n 't Apr il lst . APR-1
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Let's build Digi-Call and put it in operation.

THOMAS E. BLAC K

52

L\ST T IMt: WE DI SC USSEU CUKUIT

th eory beh ind Dtgt -Call. th e au­
tomati c d tgtta l telep ho ne ca ll
logge r. Dtgt -Cat l grves you an au­
tom a ted way of t rackl n~ a ll In ­
comt nuand ou tgotnu calls. This
time. lets bu ild the u nit . a nd
get i t u p and m im ing.

Construction
The c i rcuit s hou ld be as­

sem bled usi ng a pri med-ci rcuit
board : fa ll pa tt erns a re p rovided
here to m ake yOU T ow n . o r yo u
ca n bu v th e d o u b le -s id e d .
e tc h e d : d r illed . a n d s i lk­
screened board from the author
(see the pa r ts list). Usc care in

handling the Ie 's. a nd socket a ll
of th em. especia lly the EPHOt\1
(I C4 ).

If it becomes necessary to
s ubst it u te parts . u s c o nly o nes
th at you k now a re exact replace­
m en ts o f tho se lis ted . In pa r­
ncular; th e rea lti me clock (ICl l,
an MC146818A) mus t be a n "A"
revts ton device, Also, when se­
lecting parts for the telephone
In te rface , no te that tow-leakage
co m ponen ts a re neces sary. The
AC s u pply must be a wa ll-t ra ns­
former type that doe s 110 / In ­
d ude a g rou nd conncc uo n .

A.."i we mc nuoned la s t m ont h .
two d iffere n t DTl\IF decoders

can be u sed for IC2 , a nd the PC
board s u pports bo th . Ifyou look
a t Fig . 6 , you ca n sec that IC2 Is
sh own twice in a das hed outl ine
with a n a s te ris k , along with C7.
H15 . a nd XTALI. G ill' locanon Is
for a 16 -pi n 75'1'202 a nd the
o the r is for a 14 -p in 75T204 .
Bo th decode rs pe r fo rm eq u tv­
a temlv. so use o nlv o n e . of
whichever is available. a nd In ­
s ta ll C7 , H1 5 . a nd XiALI inside
the co rrespond ing dashed o u t­
llne.

Moun t a ll componcn t s a s
sho wn in Fig . 6 . a nd ch eck yo u r
wo rk carefu lly, loo king for s ol­
d er b r idges a n d open tra ces .
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FIG. 6-MOUNT ALL COMPONENTS as show n here. Nole Ihallhe PC bo ard ha s two
locations for1C2: one ' or a 16-p in 7ST202 and one for a 14-pin 751204 . Use eith er th e 14·
or 16-pln IC2 position, depending on which chip you use. and Install C7, R1 5, and
XTAl1 inside th e corres ponding dashed outline.

Mount a nd la bel LED 3 (FUI.L).
I.ED-l (0 :-< ) and 52 ( ONiS TAND BY)

on the fron t pa nel of your en­
closu re. and mount th e speaker
behind a ve n ted g rill.

Ca ble co n n ec ti o n s ca n be
ha rd-wired or made using head­
cr connecto rs (reco mmended ).
The " t tp' Inpu t (T) o f the lin e
Interface goes to the red wire of
the te lephone line co rd. and th e
" r tng " In p u t (R) goes to t he
green wi re. Con nect the " +..
a n d" - " leads o f th e ba tte ry
co nnec tor to a s ix-ceil M NI-Cd
batte ry h olde r. Wire t he wa ll
trans former to th e ''AC'' In p u ts .
Last , co n nect Ih e DB25 con­
nector to PI as shown ill Table 4_
Figu re 7 s hows the co m pleted
prototype .

Check-o u t and power-up
Note: If troubleshoo ti ng Is

necessary:you must usc AC-Iso-
FIG. 7-eABLE CONNECTIONS can be hard-wired or made usIng header connectors.
Here's the completed pro totype. 53



FIG. 8-0 IGI-CALL'S PC-BA SED HOST SOFTWARE is show n here . Activate the menu
bar by pressing Esc. use the cursor keys to h igh light lhe desired function, then press
Enter 10 execu te It. On-line help is availa ble for all fun clions.

TABLE 5-CONFIGURATION SWITCH SETTINGS

Position Function On Off

1 Baud rate 9600 2400

2 Not used

3 Not used

4 Not used

5 Record Incoming and Outgoing cans
outgoing calls only

6 Record Rotary and DTMF only
DTMF digits

7 Bell On Off

8 Reminder chime On all

want to program yo u r own.
Cre a te it d irecto ry o n yo ur

ha rd disk a nd copy to it the files
fro m the dis t ribut ion dis k . If
vou d ownloa d ed the software .
copy D1GICAI.L.EXE to that dl­
rec tory; a nd run the program. It
will extrac t the files from th e ar­
chtve a n d d eco mp re s s them.
T h e n YO U ca n de let e 0 1­
G ICALL. EXI<: . a lth ough yo u
may wa n t 10 matntatn a backup
co py of it.

Change to the d trec tc ry wit h
the Dtgr-Call liIes . and execu te
the hos t program as follows :

DC.opnont lopti0n2'option3 ...

Options are shown In Table 6 .
b UI normall y they a re no t re ­
qui red . Some op tio ns wtll over­
ride con figu ra tion s etungs. di s ­
cussed below.

With the host program run­
n ing. acuvate the menu bar by
p ress ing Esc: the screen s ho u ld
appea r as s hown In Fig. 8 . Use
thc left a nd r ight curso r keys to
select a men u. then press Enter.

up a nd res et.
The hos t softwa re cons is ts of

th ree files : the ma in prog ram
(DC. EXE I: the help s u pport file
tDC .HLP) : a n d the conftgura­
Han liIe (DC.CFG ). The files are
a vatlable from the aut h or. as
mcnnon ed in the parts lis t. as
we ll as f r o m t h e RE·BB S
(5 16 -293 · 2283. 12 0 0 /2 4 0 0,
8N 1), co m p ressed a n d com ­
bined Into a s ingle self- cx t rac­
tl n ~ a rc hive flI e ca lled DI­
GICALL.E XE. Tha t file also con­
ta lns a bina ry im a ge of th e
EPHOl\.1 s oftware, In case you

TABLE 4-SERIAlI'O
CONNECTIONS

Function Jl Pin No. OB-25 Pin
No.

AXD 2 2

TXD 3 3
GND 4 7

DTA 5 5i6

CTS 6 20

lated test eq uip m ent . Line­
powered osc illoscopes. D Vl\ / "s .
etc. . must be u ngrounded. Tile
autllor recommends use of nn
Isolation trenstormer for saren:
Failure to do so U'J1J cause incor­
recr operation of tile line mr er­
face ci rcu it .

Check a ll solder co n nec tio ns
fo r s h orts a nd opens, a n d a ll P>
lartzcd compo nen ts for co r rec t
o rien ta tion before powering lip
th e u nll . If a ny of the followi ng
tes ts d o no t perform as s pec­
ified , then yo u mus t correc t the
problem before co n tin u ing.

Disconnect the phone co rd if
Dtg t-Callts plugged In . Apply AC
powe r. a nd push and h old S3
(RES ET). Veri fy t ha t LED3 ,
LED4, a nd LEDS light up. Re­
lease S3 and observe the follow­
Ing actio ns du ring power-up:
• LED 5 (w·POG) Is off (Inte r­
rupts oro.
• LED 3 (FULL ) a nd LED4 (ON )
blin k for 1- 2 seconds (CPU In­
iti ali zat ion com ple te).
• Fo u r s h a r p b e vps so u n d
(peri pheral initi ali zation co m­
ple tcj .
• LED3 lFULL) on for 2-3 s ec­
onds (POST self-rest ruuntng j
• LED3 (F"tJLL) off. LE0 4 (o~l on
for 1 second (RTC RAM OK).
• LEO S (w.DOG) bli nks . LED3
(FULL) a nd LED4 (ON) ofT (In ter­
rupts on . unit ready).

Remove AC power a n d in stall
the si x NI-Cd batteries. Repeal
th e power-up res e t tes t. T he
LED's s hou ld behave as befo re
excep t tha t LED5 (W-DOG) will
blink a t a fas te r rate. Leave the
batteries In p lace . resto re AC
po we r, and r eset. \V- DOG will
again blink slowly

Pu s h S2 (ON.>STANDUY) s everal
times a nd vertfy tha t LED4 (ON)

goes on a nd off a nd tha t Dlg l­
Call beeps . Lea ve Dtgt-Call In
Stand by mod e (LE D4 not il ­
lu m ina ted ). The power-u p tes ts
a re now co mplete.

Operation
Th e first th ing to do is to set

t h e con fig u ra li o n o p tions .
s ho wn In Table 5 . For tes ting.
se t a ll optio ns "ou . ' If you are
us ing Dtg t-Cal l wit h a s low PC.
you may ha ve to se t S l -a to the
2400 -bau d se t ti ng (o ff) . Be
a wa re that co n figu ra uon s witch
setungs a re read a ni)' a t power54



PARTS LIST

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

Rl , R2- 100,OOOohms
A3. A1O, Al3-470.000 ohms
A4-A6-22,OOO ohms
R7, Al4-470 ohms
RS-56,OOO ohms
A9. Al l , A1 2. A28-47,OOOohms
A15-1 megohm
R21. A23, A25--220 ohms
R1G, R26, R27-not used
A17-10,OOOohms
Al B, A29-1000 ohms
A19-l00 ohms
A20, R22, R24-10,OOOohms
R3O-10 megohms
A31-470 ohms, Yo! watt

Capacitors
Cl , C2--Q.00l ..,.F, 100 volts, poly­

ester, radial lead
C3, Cl4-0.01 jJ.F, 100 volts, poly­

ester, radial lead
C4, C7, C15-C21,C28,C31, C32­

0.1 ..,.F, 50 volts, monolithic, radial
lead

C5, CG, Ca-e13, C22, C25, C33­
10 ..,.F, 16 volts, electrolytic, radial
lead

C23, C24, C27- 27 pF, 100 volts,
ceramic

C26-5-35 pF, variable, top adjust,
5 mm. PCB mount

C29-1000..,.F,16volts, electrolytic,
axial lead

C3D-not used

Semiconductors
8A l-D81 03, 200 verts, 1 amp.

bridge rectifier, DIP package
BR2- W005M, 50 volts , 1 amp,

bridge rectifier
l ED1, lED2- Not used
lED3, lE05--lEO. red, T-H'4
lE04-lEO, green, T-1¥4
Dl -D7-1N4148 or l N914 diode
D6-not used
08-1N4732A, 4.7 vol ts, 1 wall ,

Zener diode
09, 0 1O-1N4001 diode
Ql-Q4-2N2222 transistor
IC1-lM324, low-power op-amp
IC2-75T204 (SSI204) or 75T202

(SSI202) OTMF decoder (see
text)

IC3-MAX232 or ICl 232, 5-voll
AS-232 driver

IC4- 27C64·2, 8K CMOS EPAOM

Use th e up a nd d own cu rsor
keys to select an Item , and press
Enter to execu te It. If you need
help on any function. highligh t

IC5- M5 M525 6A o r
HM62256lP-15, 32K x 8 static
RAM

IC6-74HCT373, CMOS a-btt tatcn
lC7- 74HCT138,CMOS3-to-8 Iine

decoder
IC8- 82C55A, CMOS peripheral

interface
IC9-80C31 or 80C32. CMOS

microprocessor
IC1D-74HCT14. CMOS hex

inverter
IC11- MC146818A, realtime clock

with RAM (see text)
IC1 2-lM2940T. 5 volts, 1 amp,

low-power regulator
Other Components
81-6 Nl-Cd M Cells, 40Q-B00

rnAH
P1-6-pin, 0.1" header connector
SPKAl--8-ohms, 1W
St-ca-poeincn DIP switch
S2-SPST, normally open, mo-

mentary, PC board mount
Sa-SPST. normally open, mo-

mentary, panel mount
XTAl1 -3.58 MHz, HC-1 8
XTAl2-11.0592 MHz, HC·18
XTAl3-4.194 MHz, HC-18
MOV1-EAZ-C07DK201U, 130

volts, 400 amps, ZNR surge
suppressor

Miscellaneous: 6-cell AA battery
holder, TO·220 heatsink , wall
transformer (8-9 VAC, 3DO-l 000
mAl , PC board, IC sockets, en­
closure(8.25 x 6.25 x 2),moou­
lar telephone line cord. assembly
hardware, software.

Note: The following part s are
available from Digital Products
Company, Attn: Thom as E.
Bfack , 134 Windstar Circle,
Folsom, CA 95630: Complete
kit of PC-board and parts with­
out enclosure, $169.95; printed
circuit board #DC001, $42.50;
75T204 DTMF decoder $14.50,
programmed EPROM, $1 6.50,
software on dIsk (5.25ff only),
$7.50. All order s add $3.75
S&H. CA residents add CA tax.
U.S. fund s only, no foreign
shipments . Personal and busi­
ness checks allow 3--4 weeks.
No COO's or bank cards ac­
cepted . Pr ices su bj ec t to
change.

II and press Fl.
To customize DC.EXE to you r

envi ron ment. enter the Conflg
menu a nd execu te eac h menu

item . Be s u re to save th e
changes when you a rc d one :
DC.CFG will be updated . You
must select th e cor rect COM
port a nd match th c baud rate in
the co nfigu ra tion program to
that set on 5 1.

Now con nect you r PC to Digi­
Call. en ter the Drags men u a nd
select Test. The Dtgt-Call hard ­
ware will be tes ted , and any er­
ro rs will be reported . Th e
expected resp onse is as follows :
• Dtgt-Call 32 K Ram : Checks
Ok
• Dtgt-Call Clock : Not Set
• Dtgt-Call RTC Ram : Checks
Ok
• Digt-Catl Power is : AC Power

Return to the main menu bar.
Enter the DC-Set menu and se­
lect Time Ent ry. Use the Set or
Au to Ti me feature to update
Dtgt -Call's on-boa rd clock. Re­
peat th e Dtags Test feature and
ver ify that th e "Not Se t" mes­
sa ge disappears .

Select the Debug Entry In the
Drags menu and ver ify th at the
displayed time is Inc remen ting
and that the da te is co rrect.
Va r iab le ca pacitor C26 a llows
you to improve th e accu racy of
the on-board clock . Adjustment
s ho u ld be performed In s ma ll
incremen ts over a n umber of
days . Monitor the effect s of an
adjust men t by wa iting at leas t
48 hours a nd checking the re­
ported tim e; readjust th e capac­
itor If necessa ry

While still viewing the Debu g
menu , verify that the cu r ren t
status values arc as follows (Ig­
nore th e othe r data entries ):
• Total Call Coun t : 0000
• Ou tgoing Calls: 0000
• Incoming Calls: 0000
• Incoming Hangups : 0000
• Next Rec to Write: 0001
• Las t Read Record# : 0000
• Records Remai ning: 1557
• Max Record Coun t: 1557

With the phone line s t ill d is­
connected . pu sh Dtgt-Calt's
"O n" button a nd veri fy tha t
LED4 (ON) illuminates . Tem­
pora r ilyshort resistor R4 with a
jumper to force the line inter­
face ci rcu it in to the acti ve s ta te.
{Remembe r. Dtgt -Can docs not
fully ope rate when directly con­
nected La your PC.) Now plug
D tgt-Calts modular ph one cord
in to a spa re telephone j ack . 55
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TABLE 6-COMMAND LINE OPTIONS

I? Display option summary

/43 43·line EGA. 50-line VGA mode

IB8Q Black and white operation (CGNEGA)

ICBO Color operation (CGNEGAI

ICOMx Communication port. where x - 1-4

ICMPx Printer Compress CMD defined by x, a decimal number

IOr OFF DOS error traps all

IOTON DOS error trap on

IHl PON Help mode on

IHl POFF Help mode off

Il PTx Printer port. where x _ 1-4

,MBO Monochrome mode (MOA or Hercules)

iPGSZx Printer page length. x - decimal number

/ABO BO-column printed reports

IR132 132-eolumn printed reports

ISOFF PC sound off

N B Use video BIOS (non-companble PC's only)56

Note: Dtgt-Ca ll will ope ra te only
when co n nec ted to s ta n d a rd
telephon e lin es : some sys tems
(electronic keysets and PBX's)
arc n ot compatible wit h Dtg t­
Call.

Us ing a Touc h-Tone ph one .
dial some phone d igits a nd ver­
tfy that they are echoed In the
Dialed Digit en try area of the

sc reen. Rota ry (pulse)dl~lts can
n ot be tested In this mode . He­
move the jumper lead when the
tes t ts comple tc. and exit th e De­
b ug menu.

Disco n nect thc cable to the
host PC a nd remove all test
eq u ip me n t. Ve r ify t hat the
LED4 blinks when the pho ne Is
In use. a nd lights steadily when

It Is not .
Record severa l tes t ca lls. Dlgl­

Ca ll qualifies phone transac­
tions. so be su re that your tes t
ca lls usc actual pho ne numbers
and that the ca ll las ts at least 15
seconds . Also. record some
dummy Account Cod es after
placing or receiving a ca ll. Press
as te r is k tw ice . follo wed by a
Iou r-dlgt t code; be sure to enter
the code within five seconds.

Set Digt-Cal l to S ta ndby and
co n nect It to your PC's seria l
port. Transfer the logged phone
data to the PC by selecti ng Data
from th e menu bar. and th en
se lec ti ng Downl oad . After the
do wn load comple tes . yo u may
print the data . save It to a file. or
sort It. 1b clea r the cu r ren t data
se t execu te th e Erase fu nction
from the Data menu. Dtgt-Call
Is now ready to be placed In to
service. R-E

~ -~
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Build this intelligent 1802
microprocessor development system­
for a lot less than the cost of a new Porsche!

BUILD THIS
MICROPROCESSOR
DEVELOPMENT
SYSTEM

SURE. HARI>WAN E IS FUN. BUT IrS

software that makes hardware
dance-literally. if it happens to
be a robot.

But d es igning with mi cro­
p rocessors Is difficult . Typically,
the first thing you need for a
custom design is an operallng
sys tem. hut you ca n 't write a n
operating system without a t­
ready havtng one. Ofcourse. mt­
croprocessor vendors a re more
than wUlln~ to help : theyll be
more than happy to set you up
with a development sys tem for a
little less than the cos t of a new
Porsche. If for some rea son
th at's no t satisfactory. read on.

Features
Th is project Is a s ta nd-alone

microprocessor-based co nt ro l­
lcr that Is s u itab le for b oth
tra in in g and development. It
consis ts of two u n its . The main
unit contains an 1802 mi cro­
processor. sockets for as much
as 64K of RAM and EPROM. a n
EPROM burner. se r ial a nd par­
allel VO. and a solderless bread­
board area. A separate keypad!
di splay unit. whi ch con nects to
th e main unit via a s tx-cond uc­
tor telephone cab le. a llows you
to enter a nd view p rograms a nd
data . When your design is corn ­
plete . you ca n di sconnect the
keypad/di splay un it . tcavtng th e

co mputer to perJ orm a dedi­
cated fu nction .

The EPROM-based ope rating
system contains a monitor pro­
gra m to view and alter mem ory.
load and run p rograms . and In­
sert breakpoints for debugging.
(When a n executing program
hi ts a brea kpo int. It s tops and
re tu rns control to th e monitor.
at which po int you ca n view a nd
alter the mtcrop rocessor's in ter­
nal reg is ters and external mem­
ory. a n d then co n ti n u e run­
nlng.)

Progra ms u nd er develop ment
can be s to red in a n EPROM
using a software "move" utility
a nd the b uilt- In EPROM p ro­
graming capabilities. You acti­
vate the EPRO M p rogrammer
s imply by flipping a fron t-panel
switch.

Together; the main and key­
pad/display u nits requ ire about
700 rnA of fi-volt DC power.
EPROM programming requires
a higher voltage (12.5 or 21 1. de­
pending on the type of EPROM
used.

Parllal and complete kit s of
parts are ava ilable: a com plete
system us ing all new parts ca n
be as sembled fo r les s than
$200.

How it works
Figure I shows a block d t-

agramof theelrcuit . which con­
ststs of three main sections: the
main board . the EPROM boa rd.
and the keypad/d isplay board.
Th e main board h olds th e mi­
cro p ro cesso r, d ecodi n g logi c.
RAM an d EPROM memory. an d
the ser ia l an d paral lel VO po rts.
Decod er IC23 d ivides th e 1802's
64 Kaddress space into fou r 16K
blocks (lCl9-IC22). Anot her set
of decoders (not show n) decode
48 bits of latched input s
(IC2-IC7) and 48 bit s oflatchcd
outputs (IC8-ICIS).

An 8-bit shift register (lCI7J
p ro vides a clocked serial in ter­
face to the keypad/d isp lay unit .
which itself uses la tched shift
registers to read key presses a nd
display data on th e six seven­
segment LED's.

The EPROM board works by
Ins erting a 50-m s d elay a ny
ti me the microproces sor a t­
tem pts to write to lC20 . If th e
p roper p rog ramming voltage
(V,.I') appears a t p in I of lC20 .
the corresponding value \\111 be
wr itten to the selected address
in the EPROM. Switch S2 deter­
mines whether Vcc or V"" Is ap­
plied to the EPROM. The value
of V!,!, wll1 depend on th e type of
EPH.OM used . ge nerally eit her
12.5- or 21-volt s DC.

Now let 's discuss each sectio n
in detail . 57
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FIG. 1-BLOCK DIAGRAM shows the three major sections of the circuit : the main
boa rd, the keypad /display bo ard , and the EPROM board.

Main b oard
Du e to the s ize of the sch e­

malic , t he mai n -board circu li
diagram Is shown In two par ts .
Fig , 2 . and Fig. 3. The CPU.
memory a nd associated dccod-

Ing ctrcut try is shown In Fig. 2 ,
and the ser ia l and para llel l/O
a n d associa te d deco d in g ci r­
cuitry Is show n In Fig. 3. Refer
(0 thc appropr iate d iagram as
necessary in the descriptions

that follow.
Although the 180 2 has a 16­

bit add ress bus , It multiplexes
them on to c tgb t ltnes . First thc
1802 places the high-order ad­
dress lines (.m-AI 5 ] on the bus.

PARTS LIST-MAIN BOARD
All res istor s are y.. wan, 5%, unless

oth erwise noted
R1, R3-RB, Rt1 , R12-1000 ohms
R2- 150.000 ohms
R9-30,OOO Ohms
R1Q-22 megohms
R13-R24-51,OOO Ohms. ~ watt
Capacllors
C1-1 ~F, 35 volls, tantalurn
C2. C3-20 pF, ceramic
C4-1O jl.F, 25 1101ts. tantalum
CS, C6--0.1 ~F, mini ceram ic

semiconductors
IC1- 74HC238 3,10-8 line decoder
IC2-IC13-74HC373 octal D IOICh
IC14-74HC138 3-10-8 line decoder
IC15-74HC373 octal 0 latch
IC16--74HC86 Quad 2-input XOR gale
IC17-74HC299 a-bit shi ft register
IC18-1802 microprocessor
tC19--6264 static RAM
1C2O--see lext
1C21-see text
1C22-2764 EPROM (with oporatlOQ sys­
tem)
IC23--4556 cuart-ot-a decoder

Other components
XTAL1-2.01O MHz crysta l
P1-P4-l'iire--wrap pins. 0.025" square x
0,75·
Jl-6-oonduclor telephone jack

PARTS LIST-KEYPAD/DISPLAY
BOARD

All resistors are y. -watt. 5%, unless
otherwise noted
R1-R20-51.000 ohms.~wan

R21-A68-330 Ohms
R69-100,OOO ohms
Semiconductors
IC1-IC6--74HCl64 8·bit shift register
IC7-74HCOO Quad 2-input NAND gale
1C6-IC1Q--4 021 a·bi l shilt register
Other componen ts
DS1-DS3-<lual 7·segment LED display,
0.5", common anode
S1-520-SPST, normally open . pushbut ·
ton. PC mount

PARTS LIST-EPROM BOARD
AU resistors are V..watt, 5"4. un less

oth erwise noted
A1, A4-22 megohms
R2--47.000 eoms
R3-100,OOO ohms

Capacitors
C1--Q .OO1 jl.F.Mylar
C2-100 pF, ceramic
C3-0.001 ~F, Mylar
C4--0.02 jl.F, 5%, Mylar
CS--O. l ~F, ceramic
semiconductors
IC1- 74HC02 Quad 2·jnput NOR gale
IC2-555 lJmer
Dl - 1N4148 cooe
or , 02-2N4124 NPN lransistor
Miscellaneous: Cha ssis & hardware,
power supply, te lephone cord & con ,
r ectors. terminal block , toggle switch,
push bunco switch, scrdertess bread­
boarding connec tors, PC boards.
Nol e: The following Ilems are available
fro m Dage sctenttuc. 6124 Bal dwin St"
Vall ey Sp ri ngs, CA 952 52 (209)
n2-2076 :
• Kit Inc lud ing everything but power
supply (Model MG-2)-$195
• Surplus power supply 1+12, + 5,
- 5)-$11
• Operating sy stem in EPROM-S10
• set of 3 PC boards and manual-$35
Plea se add 55 shipping & handling per
order, Californ ia res idents add app lica­
bl e sales tax .

sa
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FIG. 2-THE MEMORY DECODING PORTION OF THE CIRCUIT: Note the different
connections to pins 1and pins 27 011C19-lC22. Pins 1011C19, rc zt. and IC22 are tied to
Vee. Pin 1011C20(the EPROM programm ing socket) goes to P4. whic h routes it to l he
EPROM board (Fig. 4) and then 10 programming-voltage selec to r switch 52. Figure 6
details the wirin g.

The n . on the tratltnq edge of
TIMI:'llG I'UI -"'~: A (TI'Al. le l5 latches
thos e val ues. a n d t he 18 0 2
places the low-order b its (AO---A7)

on th e bus . After a s hort set tling
lime. the full 16-blt address bus
remains s table for add ress de­
cod ing.

As men tion ed earlie r. IC23 d i­
vides the 6-lK a ddress s pace
In to four equal chunks. After
power-up or reset . the CPU be­
gtns execution at add ress 0000 .
so the lowest add ress mus t be
filled by EP ROM. The o ther
three me mory blocks accep t ei­
th er RAM or EPROM.

With an arrange me nt of 16K
x 8 . the 27 128 is Idea l for a boot

fo:PHOM : the 2 764 18K x 8 ) will
a ls o work . However; if you u se a
2764. the upper half of the 16K
address space will m ir ror the
lower half.

S ta tic RAMIC's a rc somewh a t
u nu sua l in that the y are avail­
ab le In 8K x 8 and 321< x 8. but
not 16K x 8. Address lin e Ala of
the 1802 s elec ts between the
lower a nd upper 8K slo ts: AI3

drives p in 26 of ICI9-IC22 .
However. pin 26 of a 6264 s tatic
RAM 18K) functions as a chip
select (cs). Hence a 6264 ap­
pears only in the upper hal f of a
16K slot. To ach ieve a full 16K of
RAM at each pos it ion, two BK
dev ices co u ld be p lg,l{ybacked,
excep t tha t pin 26 of one s hou ld
be co n nected to Ala , wh ich is
ava ilable at pin 6 of IC I6.

The 1802 s elec ts Inputs a nd
ou tpu ts through 3 lin es , NO. N l ,

a nd N2. For inputs . IC14 de­
codes a ne~ath'e-gol ng pu ls e a t
pi n 13 (S"; 1..2): fo r ou tpu ts ICI
decodes a pos tttve-gotng pu lse
at pi n 13 ( S";1..2). Bec ause No-N2

a re low u nder normal ctrcu m­
s ta nces (i. e .. even when no 110
activity is occur rtngl . th e SELD

outputs of IC I a nd IC I4 arc not
us ed .

Each of the 5 1':1.2-51':1.7 out­
pu ts of ICI d rives a separate
I.ATClll nput on IC2-IC7. respec­
tive ly. IC14 's set, ou tputs d r tve
IC8-ICI 3 In like manner.

The s oftwa re for writ in g to an
VO port works as follows . For
example . to outpu t parallel da ta
th rough IC2. the CPU executes
the software Instruction "OUT
2," The CPU pla ces a bi nary 2
(OlD) on the 110 selec t lines
NO-N2. The d ecoder decodes
these lin es ; then T IMI NG PUlS E a
(Tl '1I1 from the CPU gene rates a
pulse on pin 13 of th e de coder,
wh ich in turn la tches data s it­
ting on the data bus Into IC2 .
(TI'U Is a lso ava tlable through ex- 59
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FIG. 3-THE I/O PORTION OF THE CIRCUIT: Note that only one B·b lt outpul por t is
shown (IC2 and R13). Each addilional port requi res another 74HC373 (IC3-IC7) and
pu ll-down resistor (Rl4-Rle). Similarly, on ly one input po rt Is Shown (ICe and Rt9):
each additional port requires complem entary compon ents. The PC board accommo­
dates all ie's and resistors.
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FIG. 4-THE EPROM BOARD serves 10 Increase memory wr ite time by the delay
60 specified bV the 555, in th is case 50 ms, ju st right for burning standard EPROM's.

terna l bus con n ec tor J 3 .) IC2
h as three -s ta te ou tp uts; they
a rc normally held on by pulling
EN high through R13 .

Head in g a n I/O port works
s tmua rly For exa mple. to rea d
pa ra llel da ta through ICB. the
CPU execu tes the s oftwa re in­
struct fon MINA." Agai n. a b ina ry
2 (0 101 a ppea rs on the 110 select
lines . but this time the CPUS
MEMORY Rt-:AU (M'm3) lin e gener­
a tes a nenanve-gorng pulse on
pi n 13 . wh ich In tu rn ena bles
the In pu t lat ch . a nd a llows da ta
to a p pea r o n t h e d a ta bus .
whe re the CPUca n rea d it . Bot h
MEW an d the la tch-enable pulse
a re ava ila ble a t J 3 . The la tch-
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via a special s ignal called the Q

ou tput. IAfter buffering by lC14­
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abou t 50 .000 b its per secon d.
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versat sh ift regis ter. and associ­
ated gates. The s hift regi s ter
accepts e ight b it s of pa ra lle l
data from the CPU and sh ifts
them o ut o ne by o ne. syn ­
ch rono us with th e s ignal th at
appears at Its C I.K Input. Con­
vers ely. ICl 7 a lso accep ts ser ial
da ta a n d deliver t hem to the
CPU In para llel. eight bits a t a
time.
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FIG. 5-THE KEYPAD DISPLAY BOARD consists 01an Input section j IC8-IClOI and an
out put seelion (ICl-lC6). The input section read s lhe states of 20 SPST momentary
switches (51-520); the output sectlon drives six seven-segment LEO's, For reasons of
space, wedo not Show the Oulpullines of IC2, IC4,and ICS,associated currenl-limitl ng
resIstors, or eennecuene to the LED's for OS2 and half 01OSl . However, the hookups
parallel those lor the ether digits .

enable pulse can also be used to
s ignal the external device that
data has been received . In add i­
tion. RI 9 n orm a lly holds th e
la tch s tgnal Iptn II of ICBIhtgh.
bu t thai signal is a lso available
a t J 3 . s hou ld th e external cir­
cu li req u ire data to be la tch ed at
a precise moment.

Th e ser ial VO circuit cons is ts
of lCl 7. an 8-bit three-s tat e unl-



The keypad circu it co ns ists of
three para llel-Inlserlal-out s hi ft
registers (Ie 8-ICIO) and 20 in ­
dependen t S PST momentary­
con tac t switches. All 20 key in ­
puts are tied low thro ugh the
res istors In th e res is tor n e t ­
works ; the fou r extra ICIO In ­
puts a re tied to Vcc-

when the u ser pres ses a key. a
sh ift-regis ter In pu t goes h igh.
When the software reads the se­
rial port. It s h ifts a ll th ree bytes
across the data lin k a nd into the
CPU. The software then elim i­
n ates co n tact bo u nce a nd mul­
tiple key en tr ies .

The gates In IC7 steer the Q

clock to eit he r the keypad or the
d isplay circuit. depending on
the s ta te of the con tro l in pu t
(p in I of J I).

Software can sense wh ether
or not th e keypad Is con nected.
Referring back to Fig . 3 . note
th at R2 holds the ser ia l Inpu t
hig h . If the keyp a d is co n­
n ected . one or more of the key­
pad byt es will have a low b it . due
to the presen ce of th e pull-down
res is tors .

, A .
1:u~"F~1 91 H 9 '

, 19
~

oo.~.o 0 : I 2 00 I

2 000 000 ~o51

RfSY6"
20 0

SCREW ~ 00

TERMiNAl I R9 ~f-<o 0
9lOCK 0 0

'(:5v\. -<1!>
MAIN

I@
BOARD P3

•
I@- ••
l@

B=G
••EPRO. •, "::"" ""0

Vw \:
PI

52 -Vw .SV
PI

'NO 00
- 0 0

128 00

'---m

TO WAlL
TRANSFORMfR

TOKEYPAD/OISPlAY
IlOAAll

FIG. &-MAKE SUBASSEMBLY INTERCONNECTIONS as shown here. Next tim e we II
provide det ails on pinouts 01all co nnectors.
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To ou tpu t se ria l data . firs t
b ring the con tro l line (DO from
outpu t 2) low. a nd se t Q h igh .
Then parallel load the da ta into
ICI 7 In the same man ner as a
para llel ou t put to the o ther
lat ches. thi s time ustng the soft­
wa re Ins truction MOUT l. ' Then
toggle Q ei ght times . wh ich
ca uses the s h ift regi ster to clock
the data out.

To read serial d a ta Into the
CPU. bring the con trol line (DO
from ou tput 2 ) low th en hi gh.
the reby latch ing the data into
the external shi ft reg is te rs. This
time Q cycles the da ta from th e
ex te r na l s hift r eg is te r s into
ICI7. The in put instructi on MIN
9" gates wh a tever's on the da ta
bus into the CPU.

EPROM board
The circu it for the E PROM

boa rd appea rs In Fig. 4 . When
the C5 an d MWH s igna ls go low.
the 555's tri gger Inpu t drops to
grou nd . followed by th e outpu t
(p in 3). The out pu t rema ins low
for a ti me period detennined by
R4 and C4. In this case. 50 ms .
That s ignal pulls the 1802"s WAlT

line low which effecti vely halts
a ll bus activity for 50 ms. Thus
prog ram mi n g a n E PROJ\.1 is
really nothing more than writ ­
Ing bytes of da ta to the cor rect
memo')' loca tions In IC20. (Th e
au thor's monitor program pro­
vides help In burnin g EPROM·s.
which Is d iscu ssed in "Circu it
Opera tion" be low.)

Keypad/display board
The main board outpu ts se­

ria l da ta to six serla l-Inlpa ra llel­
out s h ift re g is ters (l C I- IC6).
one for each d igit In the display
(s ee Fig. 5). Ea ch 7- segment
LED d isplay segment illumi­
na tes with a tow from a s h ift­
register ou tput. Thi s a rrange­
ment a llows the CPU to con trol
each segmen t In de pen de n tly.
thus allowin g formation of both
numbers and alpha characters .
You ca n even form words . for
exam ple. HELLO. On-OFF, Er­
ror. CHOOSE. HELP. Add r. An ­
other adva ntage of the latched
s h ift reg isters Is th a t once th e
d isplay is loaded . it remains in a
s ta tic cond it ion . hen ce req u ires
no CPU ti me.

Interconnec tions
Figu re 6 s hows how the va ri­

o us s ubasse m b li e s . co n ­
nec tors. and s witches In tercon­
nec t. Switch S2 applies either
+5- or +VI'" to the pad labeled
PIon the EPROM board . whi ch
In t u r n rou tes t ha t volt age
th rough to pin I of IC20 on the
main boa rd .

The main PC boa rd has four
con nect ion a reas labeled PI-P4 .
The +5-volt DC power con nec ts
to PI: P2 Is a n a uxilia ry con ­
nector that provides access to
severa l u seful signals . P3 is the
110 con nector ; it co n ta ins 128
pins. P3 brings numerous con­
trol s ignals outs ide of the chas­
s is for acces s by breadboard
ctrcu ttry Last. Pol is a six- pi n
O. I ~ header th at mates wn h a
s ix pin socke t on the EPHOM
board .

That's a ll we h ave s pace for
lhls time: next lime we'l l pro­
vide cons tr uc tion deta ils a n d
s how how to opera te this 1802
d evelopment s ys tem . In the
mean ti me. If you arc in teres ted
In build ing our m icrop rocessor
develop me nt system. you can
begin to ga the r a ll the pa r ts . R·E



HARDWARE HACKER
Laser printer repairs, sync-separator circuit, GPS navigation update,

video interface module , and hacking Super Nintendo!
DON LANCASTER

W e will start out with our
usual rem inder that this is
your column and you can

gel lots of technical help, off· the­
wall networking. plus consultant re­
ferrals per the box be low. Your best
calling times are from 8-5 week­
days , mountai n standard time .

But please. before you call . make
sure that the answer isn 't already in
the text or in the Names and Num­
bers o r in our occasional special re­
source sidebars. And please have a
pencil or pen handy. I just cannot
believe the number of call s I get
from readers that either refuse to
look at or can 't find the sidebars.

I am also greatly expanding our
informal PostScript Hardware Hac k­
ing Consultants Netv.<Jrk. Send me
a leiter or give me a call if you wish
to part icipate.

We also have special Hardwa re
Hacker and M idnight Engineering
topics up on GEnie PSRT. You could
reach me v ia iSYN ERG ETICS l
e-mail here to get the prepnnts. reo
prints , tuto rials. and othe r g reat
downloads in ou r ongoing expert­
merit in electronic on-demand pub ­
lishing-and rece ive late breaking
news (especially on Pos tScript. so­
lar energy. and calle r 10) literally as it
happens.

We do have lots of informatio n
this mon th on the Super Nintendo
interface. But firs t...

A GPS updat e
We sure had strong reader inter­

es t in o ur CPS navigat ion story from
two col umns back. so here is a
quickie update:

That GPS . or Global PosItioning
Satellite sys tem includes a flock of
roving sate lli tes th at broadcast
spread spectrum codes on 1227 .6
and 1575.2 megahertz. By rece iving
those signals and digItally proc ess­
ing them. you ca n obtain you r exac t

pos it ion and speed anywhere in the
world to an absol ute accuracy of a
hundred feet o r so, and a potent ial
relative acc uracy of an inch or less .
Thus G PS can be used for long­
distance navigat ion and for accu ­
rat e sUrveying.

The horse 's mouth key paper you
need is known as the ICD-CPS-200
document and is obtainable at no
cha rge to U .S. c iti ze ns t hrough
Space Systems Div ision/MZEE.
You mu st send them a lette r stat ing
your name and purpose .

A great $ 12 Dan Doberstein reo
print ti tled A GPS Data Receiver is
newly available th rough DKD Instru­
ments. It includes an excellent tu­
toria l o n CPS, ful l cons t ruc tion
details on his ham radio-style GPS
receiver. and an exten sive bibliogra­
phy. The receive r is both data-only
and an older analog des ign. While
specifica lly designed w ith hardware
hac king in mind , this receiver is defi­
nite ly not a "shake the box" project.
You'll need rracroweve. digital logic,
RF design . and so ftware skil ls to
succe ss f ull y c omplete i t. Your
costs are also likely to be very muc h
higher than by using a modern dig ­
ital chip set as we ll.

Good navigation technical papers
often appear in the Journal of the
Institute of Navigation. Tho se folks
also have a new three-vo lume GPS
Resource Fife available for $ 50 .

The price s of th e co mm ercial

NEED HELP ?

Phone or write your Hardware
Hacker questions d irectly to :

Don Lancaster
Synergetlcs
Box 809
Th atcher, AZ. 85552
(602) 428 -4073

GPS rece ivers are literally in free
fall. and I'd expect a $35 chip set
and a $ 79.95 system within five
years . Iodey's best oller in a high·
qua lity receiver use ful for tru cking
companies and such appears to be
the GPS-l from Loyola Enterprises.
The current lis t price is S795 plus
software.

Note that all the GPS signals are
nqht on top of each other and deep ­
Iy buried in background noise , so
any old surplus microwave rec eiver
tuned to the GPS frequencies will
show you not hing useful at all. Spe­
c ia l di gi ta l despreading c ircuits
must get built into your rece iver.

I' ll try to wo rk up a tut orial on CPS
in a future column. But I think I'd
better f irst do some background
stuff on the very fundamentals of
di9ital correlatio n and spread spec­
trum communications. Whenever.

Video sync se pa ra t ion
Another popular helpline topic is

video in terface. And the number­
one ongoing request is for a simple
and effective sync separato r. The
sync separation process lets you
take th e normal co mposite video
signal and extract those horiz ontal
and ve rtical sy nc hronizing pu lses
from it.

The mo st obvious use for a sync
separatio n is to le t you clearly view
video sign als on your oscilloscope.
W ithout a field or frame reference ,
all you w ill see is a blu r. Other uses
for syn c separation involve stripping
closed cap tioning o r other data off
specitrc horizontal lines present dur­
ing vert ical ret race , grabbing stock
quotes, insert ing windows. patte rn
gen erators, title overlays , w ipi ng
and fades, color keying, and other
special effect s. Or simply adding a
pair of cro sshans.

Figure I shows you a simple and
low-cost circuit I've worked up that 63



can combine both an effective sync
separato r and a low-cost universal
video interface card. The key chip is
the National LM 188 1 sync sepa­
rator mira-dip. You take your usual
on e to two -volt poaitive-qoi nq
sync =- ground video signal and ca­
pacitor couple it to pin 2. The chip
extracts the composite video and
pro duces the ac tive -low TTL!
CMOS·compatible composite sync
out put on pin 1.

Several other pins on the LM 188 1
provide other functions that you
may find handy. Pin 3 gives you a
vertical sync reference as one sin­
gle pulse without the usual teeth or
serrations . This is the one you will
usually want to lock your scope to .
Pin 5 is a burst gate that gives you a
slightly delayed horizon tal syn c
pulse that can be used 10 extract
any NTSC chroma burst informa­
tion from the signal.

An RC network found on pin 6 is
intended to create a default vertical
sync in the absence of a true NTSC
video input. This is handy for the
" almost" NTSC com mon to the
computers and video games. The

NE W FROM
DON LANCASTER

HARDWA RE HACKER STUFF
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time constant can be shortened for
higher scan rat es; see Nanonel's
data sheet for details.

Finally. pin 7 lets you pick out the
odd and even fields of an interlaced
NTSC frame. The output is active
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only when the input composite vid­
eo has a full inte rlace. Advanced
color editing is one possible use.

An external source of the usual
five-volts DC is needed. Since the
current is only seven milliamperes.
just about any old supply will do. As
usual. keep the power bypass ca­
pacitors real close 10 your chips.

Several other features on the cir­
CUlt are handy for special video in­
te rface cab les . The three large
capacitors let you couple red. blue.
or green video off ermtter-fotower
outputs and then connec t them to
RGB monitors . A 75·ohm resistor is
handy for terminating cables. And a
logical high signal is useful for such
things as enabling the sound on ce r­
tain receiver/monitors.

By itself. the inverter is handy for
converting active-low sync into ac­
tive·high and vice versa. VVhile most
of the video systems use active-low
sync. Commodore and one or two
of the others might not.

The printed circuit layout is shown
in Fig. 2 . Empty boards. kits. tested
circuits. and both stoc k and custom
interface cables are available from
Redmond Cable. You can call or
write them for a current price list. I'll
also post this layout on GEnie PSRT
so you can easily create your own
accurate version without the need
for any photograph ic work. See
HACKFGS1 .PS.

You might want to kee p some
empty or partially populated boards
on hand to solve special cabling and
interface uses. The large runaround

FIG. 1 THIS COMBINATION SYNC STRIPPER and uni versa l video intertaee can solve
a lot of prob lems ' or you. Inclu ding Super.Nintendo- lo-any1hing inte rla cing. video
overlay. and scope TV 'rame locking. Kits. fully tested un its. and cuslom cable
assemblies are available through Redmond Cable.

~

BUAST

.\ .7K

SYNC

' I~

'I~
750

AED·POSTSCRIPT STUFF
Aek Th. GUll/ R. pr lnle I. II or III 24 ,50
l ...rWrltlr S« ,, ' e (UiWJ,lIe/PC) 29.50
POI ' Scr lpt Show I Till 39.5 0
Inl' o to PostScr lpl VHS Vld.o 39,50
POII Sc. lpl e . glnn.. Slu lI 39.50
POl tScr lpl Cookbook (Adobe) 1&.50
POI1Script R. r. 'bnull lI (Adobe') 28,50
POII SCrlp. Program oel lgn (Adobe) 22.50
T~~ I Fonl Fo.ml l (Adob'l 15.50
l ....W'II.. R.r..onc. (Apple) 19.50
Ri l l Wo.ld POI ' I Cl lpl (Roth) 22.50
POl tSc. lpl Vllul l APP' OlCh ISmlth) 22.50
Thinking In POII Sc, lpt (Rlld) 22.50
Until ' PS P9. mmll (Holu llang) 2&.50
TIMWhO" Wo." 1111 PoetSc, lpl) 349.50

BOOK -QN-DEMANO STUFF
Book-on-dlml nd ..eo u,c l kli 39.50
GEnie PSRT u mpler (llIIUIclPCl 39.50

FREE VOICE HElPLINE VISA/MC

, SYNERGETICS
B ox B 09 - RE

T h alche r . A Z 85552
( 6 0 2) 4 28-407 364



FIG. 2-PRINTED CIRCUIT BOARD LAYOUT and overlay lor the un iversal video inter­
lace. Accurate and camer a-ready art Is also availab le via GEnie PSRT as rile
HACKFG51.PS. PostScri pt downloads can elimi nale all dark room work. 65

and some do not. The easiest way
to tell is to find an obvious 'VOlume
contro l locat ed somewhere on the
set. No volume control, no sound.
Other monitors may need a special
pin activated to tum the sound on or
off. We'lI see an example of this
shortly.

All your sound cables should. of
course, be shielded.

Sadly, the power levels are far too
low to usefully drive a speaker or a
pai r of headphones. But Radio
Shack has an interesting beastie
that no Hardware Hacker should be
w ithout. It is their #227·1008C
mini- amplifier and speaker. The
L + R output easily drives the mini­
amp via a miniature phone plug.

The mini-amp solves the problem
of a monitor that has no sound. You
can also plug headphones into your
mini-amp for any silent running. The
mini-amp is powered by your choice
of an internal alkaline 9 '\101, battery
or by a plug-in 9-\IOlt DC supply.

Because of the matnx used, you
cannot get stereo directly off pins 11
and 12. Instead, you have to add the
two Signals together to get the left
channel. and subtract the two sig­
nals from each other to pick up the
right channel. Like so ...
(L + A)+(L- A) = 2L
and
(L+ A) -(L- A) = 2A

A stereo dematrix can be done
with a quad op-amp or a transformer
and fou r resistors. In theory. you
could make use of a CMOS·biased
inverter amplif ier, but your common­
mode supply noise rejection might
suffer on the right channel. More
details on biased inverter amplif iers
appear in my CMOS Cookbook.

Let me know if you need any
more information on stereo matrix
extraction .

There are three diffe rent types of
video outputs found on the multi-out
connector. Plain old grounded sync
composite video appears on pin 9.
That can be routed to any standard
NTSC video input on a monito r,
VCR. or televisio n set . Note that a
direc t v ideo input w ill oft en have
sharper images and better colors
than does entry by way of some
channel 3 or 4 modulator. That's be­
cause less electron ics get in the
way and an RF modulation and de­
modulation can be eliminated.

connector and how to use it . By a
spec ial arrangement with Redmond
Cable. all the connectors, that inter­
face kit. and special and stock cable
solut ions for most any Super Nin­
tendo interlace are now available.

The M ulti-out connector is really
six-ever.six edge traces on a double
sided circuit board . Looking at the
rear, the traces are odd numbered
1.3,5.7,9,11 on the top, going right
to left . And the similar pins are even
numbered 2.4,6,8 ,1 0.12 on the bot­
tom, again going from right to left.

Both pins 7 and 8 are grounds.
The pair make terminating several
shielded wires much easier.

A +5-volt DC outpu t is provided
on pin 10. It appears to be capable
of driving at least 50 milliamperes.
But you shouldn't suck the poor ma­
chine dry, and you should very care­
fully bypass and filter any use of the
supply.

There are a pair of sound out puts.
Pin 11is your choice of monophonic
sound or L ~ A matrixed stereo.
Note that " left .. plus " right " equals
" both." Pin 12 is L - A matrixed
stereo . These signals are capacitor­
coupled and are the proper size for
your usual audio inputs on a hi-f
receiver or computer monitor.

N ot e that so me c ompute r
monitors have a sound capabili ty

,~ 1332,2 I SY NERGETIC' I I-'-~
RED-~~ , I - ENBL

~~:~~~'~;I r~-~ =;I:I ~:T
GRN. e.210uJ6Y' GNO
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ground on the outside of the board
is especially handy for shielded-ce­
ble terminations.

For this month's contest. jus t tell
me about an unusual or off-the-wall
use for a sync-stripper circuit. There
will be all of those usual Incredible
Secret Money Machine II book
prizes, along with an all expense
paid (FOB Thatch er, AZ) tinaja
quest for two going to the very best
of all. As usual. send your written
en tri es d i r e ctl y t o me at
Synergetics , rather than over to
Radio-Electronics editorial .

Let's hear from you.

N intendo interfac e
As Fig. 3 shows us. there's a very

interesting Multi-Out connector on
the back of those Super Nintendo
game machines. That gives you lots
of alternate video and sound output
formats that you might find handy.

For instance, you can go to a
AGB monitor for sharper images
and better colors. Or add total ster­
eo sound or Super VHS improved
resolution.

Or you may want to hang any old
Tv-compatible color monito r plus a
pair of headphones on the machine
to silence kids and keep them off
your main prime-time television set.

Let us see exactly what is on the



FIG. 3-TliE SUPER NINTENDO MULTI-OUT REAR CONNECTOR has all sort s of
uselu l video and audio options available. Here are me key detail s.

7 SUPER VHS · Y· 5 I GROUND I
The luminance channel lor Super A pair 01 ground pins is
VHS video appears on this line. provided \0 ease terminat ing

One volt peak to peak into a 75H
01shieldGd video and audio

load. Internally capacncr coupled.
cables.

19 NTSC VIDEO ----t3 I / RGB SYNC

Plain old NTSC cornposue VIdeo For linear RGB monitor use.
appears OIl this nee. The sync Active low combined vertical
l ips are at grOUnd. and hOl"llontal sync pulses.

One volt peak to peak into a 750 o to 5 '0'011 high log ic source is
load. Inlernally capacitor coupled CMOS ano TIL compatabte.

111 L+R SOUND rl 1 , RED VIDEO I
The monophonic and stereo For lineal RGB moouoe use.
metrixed sum sound appears One volt peak-to-peak oU of
on this pin. an emitter follower source.

One volt peal( is Sl.Jitable lor ReqUIres a series 200 IIfd
ampldiers but nOl headphones . coupl ing capacitor .

~~- :::: ~ ~
---c:w GREEN VIDEO112 L- R SOUND I

The stereo matrtseo difference For linear RGB monitor use.
signal appears on this pin . One volt peak-to-peak olf of

Ace pins 11 and 12 for Iell
an emitter follower source

stereo: subtract them lor righl Requires a series 200 l-Ifd
stereo output signals. coupl ing capacnor.

I I . + 5 VOLTS DC ----; 4 BLUE VIDEO I

A limited amount 01 +5 vous For linear RGB monitor use,
supply power may be drawn oul One '0'011 ceek-to-peak oU of
of this pin for sync inverters or an emitter follower source.
doing a stereo dematrixing.

Requires a series 200 I-I ld
Limit current to 50 milliamperes coupling capacitor.
and use thorough bypassing.

I 8 I SUPER VHS · C· • GROUND

The chroma cnanne t lor Super A pair 01ground pins is
VHS video appears on this line. provided 10 ease terminating

One volt peak to peak into a 75fl ot shielded video and audio
load. Internally capacitor coupled. cables.
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Super VHS. or Y-C video appears
on pins 7 and 8 with that luminance
"Y'' output on pin 7 and the chrorra­
nance or " C" output on pin 8. They
can be routed to any system which
accepts Y-C video. Because of the
separation of the color information
and the higher bandwidths . these
outputs should look far better than
regular composite video .

The best video of all. though , is
available as a separate red (on pin
O. green (pin 2). and blue (pin 4)
video. The red. blue. and green out­
puts come from emitter followers
and have a strong DC bias. They
mus t be capacitor coupled to your
ultimate destination using a 220-mi­
crofarad or higher series capactor
on each line. Be certain to put the
(+) side of the capacitor on the
Nintendo end.

The needed AGB sync appears
on a fourth active-low line on pin 3.
The active-low sync is correct for
Apple IlGS. Sony, and most " stan­
dard" AGB uses . It is the comple­
ment of what is needed for
Commodore and certain others .
The line Swings rail-to-rail or ground
to +5 and thus is both CMOS and
TIL-compatible.

Note that some connector plugs
do nat haveallof their pins available.
especially for the AGB sync and
VHS chroma. The Aedmond plugs
include all of the pins.

Several interface circuits appear
in Fig. 4. In each case, a partially
populated Fig. 1clrcuu can be used
to greatly simplify your cables and
interface.

In Fig. 4'8. you can connect AGB
. video to any Apple IIGS monitor by

using the three serial video capaci­
tors and the right connector an
each end of your cable. Since the
IIGS monitor has no speaker, you
have to use a hi-f or the Radio
Shack mini-amp.

Figure 4-b shows an interface to
the alder Sony KV1311·CA re­
ceiver/monito r. Aga in. we have
those three serial video capacitors .
This time we use an enabling re­
sistor to turn on the internal sound
and eliminate any need for a com­
panion amplifier.

The interface to the Commodore
1084 calor monitor is shown in Fig.
a-c. As usual, the red. blue. and
green video have to be capacitor

coupled to the appropriate pins on
the LinRGBconnector. This lime. an
active-high sync is needed rather
than active-law. so the inverter must
get added as shown. While the
sound is internal. it has to be routed
via a separate audio cable and pho­
no plug that goes into the Audio
input. The size and posruon edicst­
ments on the back might also need
a slight readjustment.

Yes. we are work ing on VGA and
multi-sync solutions. Stay tuned or
check GEnie PSAT for availability.

On ce again. some mix-and­
ma tch ki ts . ell-om connecto rs .
parts . and cables are available from

Redmond Cable. Do let me know
which other interface circuits you
would like to see worked out.

Laser prin ter re p ai r
Where can you go to get training.

parts. and information on today's
laser printers? Many of the printer
manufacturers are super secretive
and go far out of their way to prevent
you from getting the parts and ma­
terials you need to make best use
your printer and to keep it alive
cheaply. So, for thi s month 's reo
source sidebar. I tho ught we 'd
gather toget her some of the best of
the laser repair resources.
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\1 ~ ,r Learn, ll>ome InIP,"~ lime.
~ No previoule xperie",e nndt'dl

No C05Uy scnoot. No commuting to etass .
The Original fl om e-S tudy course pre pa res
you fo r t h e " F CC Co m m ercia l Ra d io '
telephone Llcens e."This valua b le licensels
yo ur proresstouct ..tlckct" t o thousands of
exciting Jobs in Co m m unica tions, Radio­
TV. Microwave. Maritime. Radar, Avionics
a nd more...even start you r own business!
You don' t need a co lle ge degree to qualify,
but you do need a n FCC License.
No Need to Quit Your Job or Go To Schoo l
T his proven co urse is easy, fa st a nd low
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FCC Lice ns e or m oney re fu nded . Se nd lor
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prices. Many of these HP service
manualsare in Ihe $100 range. Even
at tha i price , they pay for them ­
selves on their first use. They are
essential gottahaves.

HP also sells parts to anybody
overnight via VISA and an 800 order
line. Again, sadly, individual parts
are hard to get. They prefer to sell
you an entire $50 fan instead of the
50-cent grommet which is the only
thing that ever goes wrong with the
fan.

The best place to go ifyou want to
buy individual laser-printer parts is
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The overwhelming majority of all
laser printers use Canon engines,
so that is usually where you'll want
to start . Hewlett Packard has by far
the bes t and the most available
Canon manuals in the industry. And
since an SX engine is an SX engine,
those HP manuals are most useful
on similar Apple. QMS. and lesser
machines.

Figure 5 summarizes the key HP
service manuals, along with some
of the competing machines they
cover. HP recent ly has sharply
raised all of their service manual

FIG.4-TYPICAL SUPER NINTENDOTO LINEARRGB video mon itor intertacecormec­
tions can give you sharper resol ution and better co lors.

CIRCLE 1080N FREE INFORMATION CARD



Aham Tor
27901 Front Street
Temecula, CA 92390
(714) 676-4151
CIRCLE 307 ON FREE INFORMATION CARD

AIS Satellite
106 North 7th Street
Perkasie, PA 18944
(215) 453-1400
CIRCLE 308 ON FREE INFORMATION CARD

Benchmarq
2611 Westgrove Dr, Ste 101
Carrollton, TX 75006
(21 4) 407-0011
CIRCLE 309 ON FREE INFORMATION CARD

CADalyst
859 Wil1ametle Street
Eugene, OR 97440
(503) 343-1200
CIRCLE 310 ON FREE INFORMATION CARD

Caplugs
2150 Elmwood Avenue
Buffalo, NY 14207
(716) 876-9855
CIRCLE 311 ON FREE INFORMATION CARD

DKD Instruments
1406 Parkhurst
Sima Valley, CA 93065
(805) 581-5nl
CIRCLE 312 ON FREE INFORMATION CARD

NAMES AND NUMBER S

Electronic Prod uct Review
411 Eagleview Blvd
Exton, PA 19341
(215) 458-6440
CIRCLE 313 ON FREE INFORMATION CARD

GEnie
401 North Washington Street
Rockville, MD 20850
(800) 638-9636
CIRCLE 314 ON FREE INFORM ATION CARD

Insti tute of Navigation
1026 16th SI NW. Sle 104
Washington. DC 10036
(202) 783-4121
CIRCLE 31S ON FREE INFORMATION CARD

Loyol a Enterprises
904 Meadowbunn Court
Virginia Beach, VA 23452
(804) 459-2972
CIRCLE 316 ON FREE INFORMATION CARD

Redmond Cable
17371-A1 NE 67th Court
Redmond. WA 98052
(206) 882-2009
CIRCLE 311 ON FREE INFORMATION CARD

Rutl and
16700 E Gale Avenue
City of Industry. CA 91745
(818) 961-7111
ClRC LE 318 ON FREE INFORMATION CARD

Serigraph
760 Indiana Avenue
West Berc. WI 53095
(414) 335-7200
CIRCLE 319 ON FREE INFORMATION CARD

SGSlThompson
1000 East Bell Road
Phoenix, AZ. 85022
(602) 867-6259
CIRCLE 320 ON FREE INFORMATION CARD

SkYl/lsion
1010 N Frontier Drive
Fergus Falls. MN 56537
18001 543·3025
CIRCLE 321 ON FREE INFORMATION CARD

Small Parts
PO Box 4650
Miami Lakes, FL 33014
(305) 557-8222
CIRnE 322 ON FREE INFORMATION CARD

Space System s Dlvlslon/MZEE
LA AirForce Base. PO Box 92960
Los Angeles. CA 90009
(310) 363-0215
CIRCLE 323 ON FREE INFOR MATION CARD

SynergeUc s
60, 809
Thatcher, AZ 85552
(602 ) 428-4073
CIRCLE 324 ON FREE INFORMATION CARD

..

HP MANUAL HP PRINTER APPLE PRINTER QMS PRINTER

02686-90920 LasetJet ! LaserWriter PS800
(ex Engine) LaserWriter Plus

LaserWriler NT PS810 & Turbo
33449·90906 LaserJel1l LaserWriter NTX PS820 & Turbo
(SX Engine) LaserJetlll LaserWriter F PS815-MA

t eserwnter G PS825-MA

33459-90906 LaserJet 110 --- ---
(SX Engine) LaserJet 1110

33471-90904 LaserJet ll P Personal LW NT PS410
(LX Engine)

-
33491-90929 LaserJet IIIsi ---- ----
(SI Engine)

FIG. 5-THESE HEWLETI·PACKARO LASER SERVIC E MANUALS can be used for
mechanical repairs on most ollhe printers shown here. Whileeapenslve. they arethe
best Infonnalion sources al/ailable. and far easier to get Ihan the ethers. Many eu­
ferenl laser prlnlers use Canon engines. so these HP manuals are I/ery useful on
similar machines. HPalso sells parts 10 anybody overnight via VISAand an 800 order
line, although Individual parts are hard 10 geL

Don Thompson. who also nOV{ of­
fers by far the finest multi-level train­
ing and repair semi nars in the entire
industry.

My tw o favori te place s for ton er
refilling supplies and materials are
Arlin Shepard of Lazer Products ,
and Walt Jeffries and his crew at
Black Lightning. The latter are also
into spec ial ton ers for fabric printing
and prin ted circ uits as well. should
you have such a need .

Black Lightning als o publishes
The Rash. a free and friendly news­
lette r crammed full o f use ful desk ­
top information.

There are several laser-pr int ing
and tone r-recharging trade journals.
but t he o nly on e of an y c o n­
sequence is Recharger. They are
already up to several hundred pages
per issue . and list dozens of sup­
pliers for just abou t any taseopnnt­
ing repair need .

I try to carry a lot of toner and
laser pr in te r repair stuff o n our

con tin ued on p.-l!!e 75



WORLD'S SMAllEST FM TRAN SMIT­
TERS! New Surl ace Mount Techno log y
(SMT) makes all others obsolete! XSTSOO
Transmitter-powerful 3 transis tor audio am­
plifier. trans mits whispe rs up to 1 mile .
XSP25 0 Te lephone Transmilt et - Iine
powered, transmits conversat ions up to Y.
mile. Both tune 68-108 MHz. Easy to assem­
b le E·Z K IT S (S MT compone nt s pre ­
assemb led to circuit board)! XST500 ­
$39 .95, XSP2So-529.95, VISA-'MC. COD
add $5. XANDI ELECTRO NICS, 201 E.
Southern ave ., Suite 111, Temp e, AZ
85282 . 1-800·33&-7389.

CIRCLE 178 ON FREE INFORMATION CARD
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CALL NOW
AND

RESERVE
YOUR SPACE

• 6 )( rate $940.00 per each insertlOl'l.
• Fast reader service cycle .
• Short lead time lor the placement 01

ads.

• We typeset and layout the ad at no
addibonal charg e.

Call 51&-293-3000 10 reserve space. Ask
lor Arline Fishman. limited number 01
pages available . Mall materials 10 :
mini·ADS. RADIO-ELECTRONICS, 500·
B Bi -Cou nt y Blvd ., Fa rmingdale . NY
11 735,

FAX: 51&-293-3315

$495 FOR A PR OG RAMMABLE DC
POWER SUPPLY IS NOW A REALITY!
• GPIB Interface Standard . OutPut Voltage!
Current Programming & Readback . l ocal &
Remote GPIB Operations . Remote Sense
Function . Programmable Overvoltage and
Overcurrent Protection . Sol tware Calib ra­
ti on • Supe rio r Une /l oa d Re gu lation
• Output Enable/Disable . 3 Year Warranty_
FREE Orientation Video available . For de­
tail s, call : AMERICAN RELIANCE INC.
800-654-9838 FAX: 818-575-0801.

CIRCLE 181 ON FREE INFORMATION CARD

CREATE INTELUGENT PROJECTS WITH
THE VERS ATi l E Z8 PROGRAMMABLE
MtCROCOMPUTER. This powertul comput­
er wasdesigned lor flexibility and can be used
lor various elect ronic pl"ojecls. 1i0 Intensive.
Up to 20MHz operat ion. DownlOad programs
or run EPROM code . Speci al hardware fea­
tures included. Prices from $125.00 . Battery ­
backed RAM, X-assembler,and other opt ions
availab le. CALL FOR FREE BROCHURE .
MJS OESIGNS, INC., 1438 W. Broadway
Rd., Suite B185_Tempe , AZ 85282. (602)
966-8618.

CIRCLE 183 ON FREE INFORMATION CARD
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REM OTE CONTRO L A·B SW ITCH-Iets
you hook up your cable box by remote controf.
when needed . then unhoOk it just as easily!
Restores TV, VCR features , Or, replace any
A-B switch with this superb quality remote
version. Bright lEO indicatOfS, JUST $35,
INCLUDES SHIPPING. Visa, MC, or check.
(C.O.D. $5 exIra) Fast delivery, 30 day money
back. STAR CIRCUITS, P.O. Bo x 94917, Las
Vegas. Nevada 891931 -800-535-7827.

TUNABLE SOdB NOTCH FILTERS-Ior TV.
can be tuned precisely to required Irequency.
Mode l 23H ·Ch·s 2-3 (50-66 Mhz) Model
46FM-Chs 4·6 plus FM (66·108 Mhz) Model
713-Ch's 7-13(174-216 Mhz) Model 1417-Ch's
14-17 (120·144 Mhz ) Model 1822-Ch's 18·22
(144-174 Mhz) 530 each, includes shipping.
Visa. MC, Of check. (C.O ,D. $5 extra), Fast
delive ry, 30 day money back. Quant ify prices
to $16. STAR CtRCUITS, P.O. Box 94917,
Las Vegas. Nevad a 891931 -8OQ.535-7827.

-CABLE TV CONVERTER S AND DE -
SCRA MBLERS SB-3 $79.00 TRI-BI 595.00
M LO-$79 .00 M 3 5B 5 69 .00 D RZ -OI C
$149.00. Special comboSavailable. we ship
COD . Quantity discoun ts. Gall for pricing on
other products. Dealers wanted . FREE CATA­
LOG. We stand behind our products where
others fail. One year warranty. ACE PROD­
UCTS. P.O. Box 582, s eee. ME 04072
1 (800) 234-0726.

CIRCLE 75 ON FREE INFORMATION CARD

TWOTRANSMITTER S IN ONEI5 MINUTE
ASSEMBlYI MONE YBACK GUARANTEEI
New Law Enlofcemenl grade device 0tI a
Single chip is the most sensitive . powerful.
stable room tJansmitter you can buy. Uses
any 3V-12V ballery. Or attach to telephone
line to monitor all telepho ne conversations
over 1 mile away withoot batteries ! l OOmW
output! 8O-130MHZ. Receive Otlany FM radiO
or wideband scanner. VT-75 microtransmitt ec
549.95 + 1.50 S&H. VISA, MC, MO. COD's
add $4.00. DECO INDUSTRIES, Box 607,
Bedford Hills. NY 10507. 1-800-759-555 3.

CIRCLE 127 ON FREE INFORMATION CARD
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AUDIO UPDATE
Hear today, gone tomorrow.

LARRY KLEIN
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N o new prescrip tion drug
reaches the market wi thou t
extensive double-blind test

studies designed speci fically to
eliminate the infl uenc e o f the
" placebo effect." In a nutshell, the
testing work s something like this : a
group of. say. SO sufferers from
some specific malady are chosen to
participate in the study. They are
divided into two grou ps , each
matched as closely as possi ble in
terms of relevant characterist ics
such as overall health. seventy of
the malady under study. mental al ­
titude. etc . An important part of the
design of any research study is the
isolation and elimination of irrele­
vant random factors thai may skew
the results in one direction or an­
other. Unfortunately. the history of
science is littered wit h studies thai
were invalidated by methodological
f lews.

Every person in the two matched
groups is given the same treatment,
be it injections, pills. diathermy. or
whatever. except that those in
group B get a phony trea tment.
They are una-ware that the " thera­
peutic " inject ion is a saline solution,
the pills are sugar tablets. and so
forth. Group A is given the real drug
being tested under identical condi·
t ions. To prevent unwitting clues
being given by the doc tors involved.
those administering the drugs do
not knew which drug is which. This
is the essence of the "double-blind"
technique.

One might imagine that from that
point on all that is needed is a
checkup 10 see who gets better and
who does n't. Ho.vever. things are
not that simple . Let's suppos e that
30% of those gett ing the real drug
improve. Would that be considered
a reasonably successful outcome?
Not if 30% percent of those getting
the placebo (phony drug) also get

better. And that is exactly what hap­
pens re peat edly in medical re­
search . In many cases . the
administ ration of any t reatment
whatsoever-including a chanting
witch doctor-will produce a certain
number of cures or at least some
alleviation of symptoms.

In less sophisticated times than
ours it was a common belief that
faith could work miracles: nONmost
people prefer to refer knowingly to
mind/body interactions for an ex­
planation . There are those who be­
lieve that i f a beli e f sys tem ­
however irra tional-can effect a
cure. then why not go along with it?
(More on this later in respect to the
alleged special sound qualities of
super-expensive audio equipment).

Trustworthy e a rs
All of the above is a preface to my

discussion of a paper given by Tom
Nousaine at the Audio Engineering
Socie ty convention last October.
Tom's pape r, Can You Trost Your
Ears rprepnnt 3177 L3). deals with a
matter that I've pondered for many
years. In past columns I' ve dis­
cuss ed the various problems of
subjective testing. and I've touched
on the question of why those lis­
teners obsessed with high·end au­
dio equipment tend to hear things
that objectively don't exist.

Audiophiles frequently complain
that critics such as myself are too
insensitive to respond to the sonic
nuances in question , or that we
have vested interests in not hearing
the virtues of very expensive equip'
ment. But aside from anyone's al­
leged hearing defici ts or personal
perversity. it is very easy to demon ­
s tra te tha t audioph iles-and
others-do indeed tend to hear
things that have no objective exis­
tence. All that needs to be done is
to establish a listening panel of au-

diophiles and general listeners, as
Tom Nousame did . He set up a
placebo comparison between an
amplifier fed directly from a CD play­
er (A) and the same amp with a
supposed "s ignal processor" in the
signal path (8). Despite the fact that
the listening panel was exposed to
exactly the same material in both A
and B, a preference was expressed
for A or B 76 % of the time ! Of
course, the audiophiles in the group
strongly preferred A because they
had been told that there was an ex­
perimental signal processor ineben ­
nel B.

As I've remarked before. many
audiophiles feel thai their credibility
is on the line during every listening
experience. Because of the implicit
audiophile belief that every compo­
nent inherently sounds different.
you can see ha.v detecting such dif·
Ierences is very important. Bu t
there's more to the story than au­
diophile ego trips . In further testmq
wi thout the "s ignal processor. "
when preference between identical
amplifiers was still 76%. there was
no difference in the scores between
audiophiles and general men-en­
the·street consumers '

It appears that under certain con­
ditions, even unbiased ears tend to
hear differences when none exist.
Perhaps-and this is sheer specula­
tion---any interruption in the input
signal causes a shift in the listener's
auditory zero-reference level, which
is then interpreted as a change in
musical quality.

It's been known for years (l first
wrote about it in the early 70's) that
the ear hears minor differences in
level (less than 0 .5 dB) as dif·
ferences in c1anty. In his paper Tom
attempted to quantify the effect.
when slight loudness differences
were in troduced . listeners much
preferred the louder alternative. For



unknown reasons. the effect was
even more pronounced when the
louder choice was presented to the
listener second.

Critics ' recommendations
I've detected the appearance of a

pernicious philosophy among a few
audio write rs . Al though they may
acknowledge that there is no objec­
tive evidence supporting their pref­
erence for a given product , the fact
that they have a preference is suffi ­
cient justification for a recommen­
dation. The problem with that sort of
approach is its ultimate unreliability.

I've had friends who compulsively
traded in fine top-of-the-line equip­
ment for newer. mor e recen t ly
touted products in the hope of com­
ing one step closer to audiO nirvana.
And in truth they did bask in "un sur­
passed somes with superb imag­
inq." as one reviewer put it, until the
same reviewerts) soon discovered
un even juicier cherry-of-the-month
to extol.

In the same way that double-blind
placebo tes ting is needed to dif­
ferent iate drugs that work f rom
those that don't, equivalent tech­
niques are needed to separate the
genuine advances in the audio art
from those that are merely commer­
cially inspired or delusional. Tom's
data indicate that those audio critics
who evaluate equipment primarily
by uncontrolled listening tests (sup­
ported or unsupported by measure­
ments) are like ly to be fooling
themselves and their readers. Dou­
ble-blind testing is the only way to
ensure audio object ivity-

Tom concludes his paper with a
plea for further research in listening
test techniques. I coul dn ' t agree
more. For most of audio history,
comparative listening test s were
mostly what audiophiles did for fun
on Saturday afte rnoon s. To my
knowledge. the first serious indus­
try listening tests were undertaken
by the FCC in deciding on a stereo
FM broadcas ting sys tem. Today.
with the proliferati on of signal­
compression techniques used in
broadcasting and data compression
used in digital home formal s. refin­
ing the methodology of listening­
test evaluations becomes a high­
priority co ncern in professiona l
audio. R·E

EOUIPMENT REPORTS

con tinued from page 71

gives you the option of showing a
suggested layout on a breadboard,
instead of the schematic view.

This tatest version of Global Spe­
cialt ies Protolab has several im­
provements over earlier versions.
namely improved graphics (EGA is
required) and the additional mod­
ules that present transistor and di­
ode circuits. The manuals that are
supplied cover only the operation of
the software. wi thout providing any
circuit theory-an unfortunate
change from previous versions. Our
suggestions for improvements? We
would like to see a litt le more con­
sistency in the menus from module
to module. And we'd like to see the
removal of copy protect ion.

Protolab system software costs
$129.95. Additional modules cost
$19.95. We'd recommend it to any­
one trying to learn the basics of cir­
cuits . R-E

Slll., & Stocking LoeeUons Nalionwlde

CIRCLE 117~ FREE INFOfl .....TIOH CAR D

Try the

E/E'£;mn,£s.
bulletin board

system

(RE-BBS)
516-293-22B3

The more you use ltme more
useful it becomes.

We support 1200 and 2400 baud
cperanen.

Parameters: 8N1(8 data bits, no
parity, 1slop bill or7E1(7 data
bits. even parity, 1SlOp bitl.

Add yourselltoouruser files to
increase your access.

Communicate with other R-E
readers.

l eave your comments on R-E with
the SYSOP.

RE-BBS
516-293-22B3
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DRAWING BOARD
Let's work on the vertical section of our scope.

RDBERT GRDSSBLATT

J7'V~J' 8,Y TWFIt'7Y
,v.47l?IY tJF~PI~

signal is done in the "Vertical D riv­
er" sec tion in Fig . 1. The standard
way of doing that is to slack up a
bunch of com parators and con hq­
ure them so that each success ive
co mparator goes high as the input
voltage increases. Even though the
basic idea is really simple, from a
prac tical po int of view it's always
been a real pain in the neck to trans­
tate it into reality. Because you want
the voltaqe steps to be as accurate
as possible, you have to spend a lot
of time wo rking out the values of the
resistors used In the voltaqe-drvider
chain that makes up the analoq-to­
digital co nversion circuit.

The way around the problem is to
use the LM3914 dot/ba r di splay
driver from National Semiconduc­
tor ; the pinou t diagram is shown in
Fig. 2 . The 3914 is basica lly an ana-

LM3tflJ!.
-<"LI!:! _

S / N P U T

7 ~N'6H
.e!"~E/i!£Nc,E OUT

:!,,cE.REM:~ AD.tUST

9 otJr/8,A J! MODE

FIG. 2- THE LM3914DOT.B AR DISPLAY
drive r w ill be used 10 dri ve our scope
di splay.

since college. I screw up as often as
anybody. and I'm grateful for peop le
like those three guys who can cat ch
the goofs and call me on it in an
intelligen tly written letter that's a
real pleasure for me to read. Onc e
again. my sincere thanks to .all of
you .

But back to the subject at hand.
We 've gal the horizontal section of
our scope up and running. and it's
time to tum to the verti cal circuitry.
As with the horizonta l sec tion we
just finished . the vertical section is
really made up of several different
sections. each of whi ch does a dif­
ferent job. Figure 1gives you an idea
of the piece s we have 10 design to
get the scope working .

Even though we're designing a
scope that can look at both digi tal
and analog input signals. the fact
that we have an LED display means
that any signal we measure has to
be " digit ized " ult imately before it
can be seen on the scope. That isn't
to say that we 're building a digita l
scope-we' re not. I just wan t to
point ou t that having a display made
up of discrete points means that all
the input signals have 10 be reduced
to discrete values . W ith a CRT­
based scope. you can display any
analog value-with a digital displey
like ours, we have to quantity the
input signal to matc h the restrtc­
uons of the display.

The work of digitizing the input

FIG. l - HERE ARE THE DIFFERENT SECTIONS of Ihe scope thai we have to design.

I
've been doing this column for a
long time and. after wri ting more
word s than I can coun t (even

with my shoes offl.I can tell you that
the most important ingred ient is the
feedback I gel from those of you
who take the time to drop me a
note. The reason that I'm mention­
ing this is that I seem 10 have re­
ce ntly overste pped the lines of
elec tronic propriety.

When we were recently talking
about automotive charg ing systems
I made the co mment that gener­
ators we re a " really stupid charging
sys tem ." and the amount of output
powe r you cou ld gel from them was
solely a funct ion of hem fast the
engine was turning. A lot of you took
me to task on this and I'm therefore
fo rmally apologizing for what. in
retrospect . was somewhat of an
ove rs tatement. Generators were
used for a lot of years in a lot of cars .
and it wasn't really fair for me to
condemn the wh ole thin g out of
hand.

Generator-based cha rging sys­
tems had their faults (especia lly at
low engine speeds and during heavy
current demands). but alternators
have their quirks as well. Since we
we re talking about a regula tor for
alternators . I spent mos t of the time
discussing alternato rs and summed
up generators in a few (unfortunate)
words , And wh ile the theory of oper­
ation behind me chanical volt age
regu lato rs is reall y similar to the
electronic ones . it's still true that
they had to deal with large amounts
of current. The modem altemator/
regula tor arrangement has the ad­
vantage of low-current control of the
output of the alternator.

I got a lot of thoughtful letters on
the subject and. while I don 't have
the space to thank everyone who
wrote. I want to give a special t ip of
the hal to David Parrish. Lucius Day.
and W illiam Newell . Even though
they beat me up as .....ell. their lett ers
were great to read and forced me to
review sluff I hadn't though l abou t72
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FIG, 3-CONNECT LED'S to tho 3914 as
shown here to serve as te mpora ry in­
dicators.

response of the chip. I don't want to
go into it here since we " l be prescal­
ing the input voltage , bu t you can
get the details for doing it from the
data sheet.

The 39 14 can be set to output
eithe r a bar-type (all LED 's on) or a
movmq-dot (only one LED on) dis­
play. For our purposes, a single dot
is preferable so we 'IIbe leaving pin 9
unconnected. Wh en we expand the
display to twe nty LEO's, we'll be
using two 3914 's and the mode-con ­
trol pins will have to be handled dif­
ferently-but we' ll get to that later.

It may seem to be somewhat
wiml>j to operate the 3g14 in such a
minimal mode by not taking advan­
tage of some of the obviously slic k
things it can do . Using the internal
voltage refere nce in its most basic
fashion, and only st icking wi th a
moving dot is configu ring the 39 14
in a really bare-bones way. But don't
forget that the reason we 're using
this chip in the first place is because
it 's a one-chip answer to driVing the
LED 's in our di splay. And eve n
though we have it set up for a 0-1.2
volt range , well be putting circuitry
in front of the 3914's input to pad the
input volteqe to have swi tch-selec-

continued on page 82

log IC, and that means you have to
do some work to calculate the val­
ues of the components needed to
make the chip do its th ing. There's
an internal ten-step voltage divider
to drive the chip 's comparators , but
external components have to be
used to set the overall volt age range
for the whole chip. That's impo rtant
for us to talk abou t since we want to
be able to sw itc h ra nges w he n
we 're using the scop e,

N at ion a l Semicon duc to r has
made the job of determ ining the
39 14 's vol tage range as easy as
possible by making the two ends of
the IC 's compa rator chain available
on pin 4 (the low end ) and pin 6 (the
high end). The ten comparators in
the 3914 each have one leg chained
to a resistive ladder so that the com ­
parators respond linearly to the in­
put voltage. If the external compo­
nents are se t to have the 39 14 cover
a one-vert range, each tenth-of-a­
volt increase in the input voltage will
cause the next 39 14 output, in turn ,
to become active.

Just as with any comparator cir­
cuit, ge tting the component values
worked out to have the 39 14 re­
spond to a particula r voltage range
is a tricky bus iness . The details are
spelled out in the data sheet for the
chip but. for our application it's be t­
ter, faste r, and much easier to han­
dle the problem by padding the level
of the input signal before it gets to
the 39 14 input, Even thouqhwe'lldo
that, it's still necessary to know ex­
actly what the 3914 is telling us
when it turns on a particular output.
In other words, while we don't have
to con figure the 3914 to cover dif·
ferent voltage ranges, we still have
to know what range it is covering so
we know haw to pad the inpul.

The absolute voltage generated
by the 39 14'5 internal vol tage req­
ulator is 1.2 volts and, if you set the
39 14 up as shown in Fig. 2, each
increase of 0 .12 volts at the input
will cause the next 3914 output. in
tum , to become active . You should
notice that the lower end of the dr­
vider chain, pin 4, is connected to
ground so that the 39 14 will cover
the range of 0-1.2 vol ts full-scale.
Once you have it wired up, you can
fool around wi th the reference-ad­
just terminals and the internal reo
srstor chain to change the full-sca le



AMPLIFIER

continued (rom pa~e 36

ren t of about 60 rnA. Repea t the
same procedure for t he rl~hl

c ha n n el. adj usting R ISH .
Ch ec k the voltage a t the tw o
spea ker ou tpu t terminals. Th e
DC value s hou ld be less than 50
mV. If allis well so far. replace fl
and F2 with 2-amp fuse s . con­
nect a pa ir of tes t speakers to
the output leads . and apply an
Input signal.

If everyth ing s tll! checks out.
feed the wires through th e end
plate using a plastic s tra in relief
to secu re the wires . Now Ins tall

the lina l fuse valu es . s lide the
cover In place. and att ach the
ot her end plate.

Installation and use
The firs t th ln~ you must do Is

decide on an appropriate loca­
ti on fo r t he a mpli fie r. Good
ch oices include under a s ea t o r
In the tru nk . Once the unit Is
mo u nted . wire t he powe r.
grou nd . and speakers . Grou nd
ca n be p icked up from the chas­
s is of the vchtclc. If desired .
maki ng sure It Is a so lid grou nd .
Use ap propriately heavy wires
for the main power and ~round.

as they will have to cond uc t as
mu ch as 40 or 50 a mps . You
may wish to p ick up th e ma in

power close to the batt ery. In
wh ich case you s hou ld usc a
fuseablc link as the very first
piece of the con nection . Fusea­
ble lin ks are read ily ava ilable
fro m mos t au tomotive parts
st ores. You may also wish to tn­
s ta ll an eng tne noise filter In se­
ries with th e main supply.

The Iz -volt con trol lead Is ide­
ally co n nec ted to the radio's
electr ic a n ten na ou tpu t. If It Is
so eq ui pped . If not available. a
sepa ra te switc h can be used . FI­
na lly, w ire the In puts with
sh ielded cable. It 's best If the ca r
radio you 're using has a volu me­
co nt rolle d line-level ou t pu t.
wh ich mos t of the better rad ios
have. In any case. do not drive
the a mplifier from the speaker
ou tput of the radio-the s ignal
levels cou ld damage the ampli­
fier Inputs . a n d t h e signal
would include the Inheren t di s ­
tortio n of the radtos ampli fier.
One las t word of cau tion : the
hea tsln k Is designed for th e
peak-to-average power ratio of
mus ic. Therefore . for appltca­
nons wh ich require continuous
out put a t the ra ted power levels.
forced cooling or a bigger heat­
s ink arc recom mended. Happy
lis tening! R-E

FIG. 7-THE MOUNTING SURFACES of the heatsink and power components must be
clean end smooth. Mark each power component siteon the case, remove Ihe ampli fier
board, and prepare each si te with a thin coat of thermal heal slnk grease and a mica
Insulalor. Then re-in stall the amplifier board with each of Ihe power part s bent slightty
away l rom the heatsi nk surf ace. Apply a thin layer of thermal grease 10 each part and
then bend the part back agalnsl the heatsi nk. Now lake a look at Fig. 8.

HEATSINK

CARDOlARll
OR PlASTIC

Q.I'INSULAJOR

TlIANSISTOR
MICA

TRAnSISTOR
IUSULATOR

FIG. 8-HOLO EACH POWER COMPONENT IN PLACE with a spring clip. and use a
piece 01cardboard or plastic as al' Insulator between the part and tho clip. Check with

74 an ohmmeter 10 see that none ollhe power parts are shorted 10 Ihe hoa!sink.

Try the

r."",m
~'l!l:lmnil:s .

bulletin board
system

IRE-BBS)
516-293-22B3

TIl . mal' YO' us,lIll1e
1Il0l" ust lul l! ~ec.omes.

we suppall n oa and 2"00
~IIHI op.tJlio • .

I'U t m, lers: aNtl' data
bllJ. n plI lly. 1 Slop bil]
01 7n (7 lbIa bits. rvu
pallt,. 1 SlOp b i!~

Add ,ours," 10 DUllrSt'
files 10 l.~en. you.
KeelS.

Cllmmunlcale with other
R·Ereaders.

le n t your comments on
R·Ewith lh SYSOP.
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There are over 9 million businesses in the U.S. - and finding information
about them can be virtually impossible, especially when you need itJiw.. But
now there's a way... a revolutionary new service called Bu~incss INFOUNE!
Need to know the add ress a nd phone nu mber fo r " X YZ Co mpa ny"
somewhere in Florida. or the name and phone number of a "Cadillac Dealer"
in Palm Beach? Even telephone company directory assistance can' t help you
in these situations...but we can!

For example..,
- YOIl' BMW b,rob dOl"n on 1M inl~'S'at~, Olld.._ n«d II> lno ..· if l~~ '1 a d~a/~' in
1M nt'.rl.........-

-An Old-of-IOIO'" rompany is IT)'jn/C 10 ull JOl' 'V1.d sidjng joT ""OU' ht>uu. aNi "_ lINd
~ in[ormtJlw.. abof., I~nt - hot.· /ong 1M ('OrOIJ'<l"Y1r4I M~" i.. bwint'll. aruf hot..
.......YmtpIo}'~~s IMy '"n~. -

~ roll·'~ p1an..ing a m C"alio.. in I~ Pu.-ific Non1r...·~JI. and }'OU ...wu to Ii.... wp Ihings
[0 ' I~ kids 10 do. So "" II 'Iud ,ofind Ih~ amwuml'nl f'(JrlJ and ,:oof in O,~,,,n

and Washington."

" i\ [riend gu", you a II!' lhol "Ap,x industries" would "~ <l gom! .l lnek investment, bUI
you "''GI1I10k" ow mOTf'. Whm do Ih,)' ,1<'? Wh<l/ a re lirei, "pprmimtl/~ a"mll,I .l<Ilrs ?"

.11"",,·t>a.-t G...,"'''' .... if _ J<lI"fk4
A Sen<;~ or Ameri, ao Bu.;n~ tnru/m ..liun' S7I 1So. ll6lh Circ:lc ' Omaha. NE 68127

ClflCLE 180 ON FREE lNFOfl '.....TlON CAflO

The Business INFOLINE is indispensable for home or office! And the cost
is only S3.00 for the first minute and $1.50 for each add itional minute,
conveniently billed to your phone number. The service is available Monday
through Friday. 7:00 am.to 6:00 p.m., Central Time.

Dial 1-900-896-0000
Ask f or Ext. # 255.

New tech lit
From SGS/Thoms on a new

Modem Databook and Applications
manual. From Benchmarq. a 199 1
Databook on their energy manage­
ment (power swi tching) chips for
laptops, real-time clocks, and non­
volatile memories.

A new an d ve ry thoroug h
Heatsink Application Handbook is
available from Aham Tor.TV satellite
products and information are of­
fered by AI S S at e llit e and
Skyvis ion. Both provide free cata­
logs. Skyvision hasa very good sat­
ellite book selection.

OUf two new trade journals for
this month include Electronic Prod·
uct RevieIN that covers all kinds of
n ew co m po ne nt pa r t s and
CADafyst for those users of Aut o­
Cad CAD/ CAM systems .

The company Small Part s has al­
ways been a great place to go for all
the robotic and mechanical stuff
your hardware store never heard of.
As well as any precut plastic and
metal shapes. They have recent ly
moved to larger quarters, so you
might want to note their new ad­
dress and pick up a free catalog ,

A free School Shop catalog from
Rutfand offers all the usual machine­
shop tools and supplies.

A no-charge sample of backlit fi­
be-cone displays is available from
Sen'graph , while Caplugs offers a
free sample idea kit of their plastic
plugs, caps, and enclosures.

A reminder that I now stock my
Active Filter Cookboo k for all of the
fundamentals of quickly building up
your ow n analog low-pass. band­
pass, and high-pass filter circuits .
l've got autographed copies of the
book on hand fo r you here at
Synergetics when you call or wnte.
Youcan get this book by itself or as
one portion of my Lancaster Class;­
cs Library . R·E

con un uea (rom page 68

HARDWARE HACKER

GEnie PSAT. We also have on-line
real·time conferences with the lead­
ers in this field: lists of upcoming
co nfe rences and downlo adable
transcripts of past conference are
available. These files usually w ill
start off with an '"ATC" prefix .
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COMPUTER CONNECTIONS

Will you OS/2 it?

JEFF HOLTZMAN

80

C ut to April . 1987. IBM and
Microsoft jointly release a
new opera ting sys tem. the

heir apparent to DOS. OS/2 ver­
sion 1.0 was tuned to the 80286
microprocessor. but it had limited
DOS compa tibility. and it lacked siq­
nificant suppo rt from applicatio ns
developers.

Fast forward to June. 1990. After
fiveyears and three major versions.
Microsoft releases WindO'NS 3.0. It
supports all Intel processor modes,
has excellent DOS compatibility.
and significant applicatio ns sup­
port . It quickly catalyzes a stagnant
industry.

Fast forward to Sprin g, 1992.
After five years and as many ver­
sions. IBM will release OS/2 2.0.
It's aimed at the 386 and higher.
offers excellent DOS (surely) and
Windows (maybe) compatibility. but
sti ll lacks significant support for
native applic ations. It also intro­
duces a new desktop shell with a
whole new paradigm for the user
interface. And under the covers. it
reportedly makes extensive use of
object-oriented technology of the
sort that has allowed Borland, for
example. to make rapid gains on
Lotus and Microsoft in recent years.

Power users and true-blue loy­
alists may eat it up. But what about
the rest of the world? Further. does
OS/2 offer significant power that
we both need and can' t get
elsewhere? Does it package this
power in an accessible manner?
Can IBM overcome the stigma (or
just pla in ind i fference) that has
haunted OS/2 almost since its in­
ception? Can IBM market this prod­
uct to a community of users . the
vast majonty of which. according to
recent studies. are still not even run­
ning Windows?Can it succeed in an
increasingly Windows world? Can it
coexist? And what about Windows

NT. the only product with which
comparison can fairly be made?

What i s OS/2 2.0?
Circle one: It's IBM 's 32·bit pre­

emptive protected operating sys­
tem for Intel processors. It 's IBM's
attempt to apply everythmq it has
learned about building powerful. re­
liable system software during the
past thirty years to desktop PC·s.
It's IBM's attempt to provide a plat­
form for integrating dive rse hard­
ware pla tforms and ope ra ti ng
systems. It's IBM 's attempt to wrest
control of the PC industry from Bill
Gates. It's just another graphical en­
vironment for developing and run­
ning softwa re. All of the above,
Some of the above. None of the
ebove.

However you answer the ques­
tion, IBM's oft-repeated intent with
OS/2 is to provide a better DOS
than DOS and a better Windows
than Windows. It's safe to say that
Big Blue has succeeded with the
DOS part of the equation. It's 100

soon to tell about WindOVv'S.
I'm writing this just afte r the first

of the year. based on beta release

FIG.1-BETA VERSION OF OS'2 2.0 ru ns
tough OOS applications flawlessly. and
has Improved com patibility with Win­
dows. More important In the long ru n Is
Ihat thi s is the first widespread obj ect­
orIented operating sys tem lor desktop
PC·s .

F6.167 of OS/2; specific features
and operations may and probably
will change by the time the product
is released commercially. Commer­
cial release is presently scheduled
around the time you read this. but
that may change as well-only time
will tell.

DOS vs. Window s
DOS programs will run either full

screen or in a window (i.e .• in a bit­
mapped graphic screen that simu­
lates normal text mode); with or
without EMS , XM S, and DPM I
memory; and with a fine degree of
control over how your apps run.
Compatibility is extremely good. For
example. I ran LapUnk 3.ooa in its
parallel turbo mode to transfer mul­
tiple megabytes of files from an­
other machine in a windowed DOS
session. while simultaneously run­
ning other native-mode (OS/2 spe­
cific) so ft ware . The mouse had
trou ble keeping up. but all files
transferred flawlessly. All DOS ap­
plications I tested worked fine. at­
though some liming-dependent
programs acted funny. For example.
a Pacman game ran incredibly slow.
Lotus 1·2·3 2.01 ran fine in a win­
deM'. including display of graphs. In
general . running on comparable
hardware. DOS apes have a snap­
pier feel under OS/2 2.0 than under
Wind ows 3.0 . Conclusion: DOS
compatibility is not perfect . but it it's
probably good enough for most ap­
plications.

Windows programs run, but slow­
Iy. and not in a window. and not WIth
Windo.vs·O SI2 clipboard support .
In other words, you cannot cut and
paste between Windows and OS/2
programs. nor can you simulta­
neously view Windo.vs and OS/ 2
programs. IBM promises to remedy
these problems in the final release
of the product.



Select-de
One highly anticipated aspect of

OSI2 2.0 is the Workplace Shell
(W PS>. W PS prov ides the first
widespread obiect-or tented user in­
terface for personal computers. The
overalllook of WPS is quite similar
to that of Windows, but operation is
much different. Everything on the
desktop (including the desktop it­
self) is an object. You manipulate
objects with the mouse.Unlike Win­
dO'NS, WPS is a two-button system:
You use the left button to select
objects and the right button to do
something to or with them. <You can
customize mouse button usage and
many other system features quite
easily. For example. you can bring
up the color palette editor, select a
desired color. drag it over the desk­
top and drop it. Voila-instant color
therapyD

To move an icon, select it (left
button) and then move the mouse
with the right button held down. (A

shortcut is to just drag with the right
bultonJ To copy an icon. select it
and drag as before. but hold down
the Ctrl key before releasing the
right button . To open an icon (ex­
ecute a program. open a folder).
double click with the left button .

You can also create a shadow
(sometimes called a reflection) of
any object by holding down
Ctrt+ Shift whencompleting a right­
button drag. Rumor has it that a
shadow will function in an object­
oriented way. l.e.. a shadow would
" inherit" all characteristics of the
shadowed ob ject. including any
changes made to the original. but
changing the shadow would not af­
fect the original. However, the cur­
rent releaseappears only to support
UNIX·like symbolic links. in which
changes to any one instance of an
object affect all other instances of it.

Co py. move. op en, sha dow:
Those are direct manipulation oper­
ations. Object s in OS/2 also sup­
po rt indirec t manipula tion : ju st
sinqle-click the right button on the
object. so a menu pops up. The con­
tent of the menu varies. depending
on the type of object. but you'll uau­
ally see operations like Help. Open.
Copy. Delete. Move. Print. Find.
etc. (Direct manipulation operations
appear on the menu so that you can.
for example. copy a file using a dr-

alog box to specify the destination]
You can drag an object to a Shred­
der ico n to delete it. and to the
Printer icon to print it . <The shell in
Windows 3.1 repor tedly will have
similar draq-and-drop features but
we'll have to wait and see.i

Under Windows you can double­
click an icon repeatedly to launch
multiple instances of a program. In
OSI2 's object -cnented paradigm.
that doesn't work. The icon and the
running application amount to dif­
ferent views of the same object. To
get multiple instances of a program
running. you must create copies of
the icon and launch each desired
program instance from a different
icon.

An OS/2 window resembles a
Windows' window, but there are dif­
ferences. The biggest difference is
that you cannot minimize a window.
When you click the minimize button .
a second icon is not created. In Win·
dows. you double click on an icon in
the Program Manager to execute a
program. When you minimize the
program. a n€'AI icon is created on
the desktop. You use the new icon
to restore the program. terminate it.
etc . By contrast. in the WPS. no
new icon is created. Again. the idea
is that the icon and the window are
simply different views of the same
object. In Windows' PM. it's easy to
spot an active program either by its
WindQIAI or its icon. WPS does it
differently. Icons with active pro­
grams have special cross-hatching.
In both WindQlAlSand WPS. you can
obtain a list of currently active pro­
grams by pressing Ctrt + Esc. You
can also get a list of active programs
in Windows by dcuble-cbckoq on
the background, and you can get a
list of open objects in WPS by click­
ing both of the mouse buttons on
the background.

Menus and scroll bars have a
trendy 3D appearance. Text ina win­
dow scrolls as you operate the ele­
vator bar. The system includes an
extensive hypertext help faCility. at­
though the beta lacked much infor­
mation. In addition. there is a slew of
mini applications (calculator, note­
pad . alarms . charting . telecom­
munications. icon and text editors.
bit map prin t/view/convert . etc .I
and games (including solitaire. tetns
clone, etc).

Advanced feature s
OS/2 comes with a boot man­

ager that by itself can make it worth
purchasing the operating system. In
exchange for giving up one mega­
byte of disk space, you get the abil­
ity to boot any operating system
from any of four primal)' partit ions.
You can also break a primary parti­
tion down into an extended partition
wi th one or more logical drives.
each of which can have its own
bootable operating system. Youcan
boot any partition or drive automat­
ically. or choose from a menu each
time you boot. On my test system. I
have three bootabl e par ti t io ns
(DDS 3.30. DDS 5.0. OS/2 HPFSl
and two more for stonnq data.

FromWithin OS/2, you can boot a
DOS session from a Iloppy disk. It
can be any version of DOS. and it
can include device drivers. Even
more. you can create a boot image
of that f10PIJi disk. store it on your
hard disk . and boot from the image
whenever desired. In the beta. de­
vice driver support was limited, and
the procedure for creating the boot
image was totally buried in the on­
line documentation.

IBM also includes a programming
language called REXX. which is like
a cross between BASIC and a batch
programming language. The on-line
help facility extensively documents
REXX, including examples: another
help file lists all OS/2 commands. A
special Master Index will index all
help files on disk and allow you to
access them, complete with hyper­
text links. Reading a specific help
file gives you search and print ca­
pabi lities. but the Master Index
does not.

Then there 's the resource re­
quirement. OS/ 2 requires a 386 or
better, runs adequately in 8MB of
RAM , and requires 30MB of disk
space just for the operating system.
Those are significant barrie rs for
many users- but they're no more
significant than the resources re­
quired by WindO'NS. As of this writ­
ing, OS/ 2 won't work with SCSI
devices. and it supports only IBM
video standards U.e.. no super VGA
or coprocessor cards).

Weighing in
Fora newoperating-system prod­

uct to succe ed, it needs strong 81
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table full-sca le readi ng s of any
range we want.

Get the chip working and co nnect
LEO's as shown in Fig. 3 to serve as
temporary indi ca to rs . S inc e th e
chip will be working over a 1.2-volt
range, you can use a signal qener­
ator as a source for the chip' s input.
If you don't have one, any line-level
audio output will work jus t as well.

When we get together next
month we 'll expa nd the driver to
handle twenty LEO·s and design the
rest of the vertical circuit. That will
make the scope operational and
we'lI be able to talk about all those
bells and whistles. And they're the
bes t part . R-E
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2 MHz Function Generator
. 0.2 Hz to 2 MHz
• Sine, square, triangle, ramp and

TTL or CMOSoutput
• Four-digit frequencydisplay
• Variable DCoffset
• Variablesymmetry

years, as well as Borland and other
language vendors, potentially give
IBM a tremendous edge over Micro­
soft. whose chief allies (DEC and
Compaq) have never been known
for strategic software innovation .

Can OS/2 succeed? Yes, if irs
very. very good. Would I buy it? I
might. if it delivers on its promises
or finds a way to make me not care
about transgressions. Should you
buy it? Depends. Eventually you will
own OS/2 or the functional equiv­
alent. regard less who makes or
sells it. The fact is that the brave
new multimedia world of the future
cannot be supported by DOS. Right
now mult imedia seems like an add­
on to an already adequate way of
doing things. Som e day. thouqh.
historians will look back on this era
as one of sensory deprivation, akin
to the black and wh ite years of com ­
mercial TV. OS /2 or something like
it is the software engine we need to
get there. Regardless who wins. it
will certainly be fun getti ng there .
Stay tuned . R·E

backward compa tibili ty mOS).
co mpatibility WIth todev's hot ticket
<WIndows), and a co mpelling path
to the future. OS/2 may be the ulti­
mate platform for running DOS ap­
plicati ons . but that is strictly a short­
term benefit.

Windows compatibility might turn
out to be problematic. " Better Win­
dows than Windows" implies being
abl e to do every thing W indows
does at least as well as it does it.
and some things better. Currently.
Windows apps run slowly. not in
windows, and the clipboard is not
supported. Assuming those basic
problems are solved, there's still the
mat ter of dynamic data exchange
(DOE>. object linking and embed­
ding (OLE). and multimed ia exten­
s io ns . IBM seems doomed to
playing a catc h-up game with Micro­
soft as various areas in Windows
are enhanced. In any case. to tal re­
liability is a must.

As for the futu re, IBM is poten ­
tially in excellent shape. Deal s wit h
Next and Apple over the past few

Switch to B+K PRECISION for th e right
function generato r at the right pr ice.
Don't let tight budgets keep you from the functIon generator performance you need.
B+K PRECISIONhas the industrY'smost complete lineof cest-etreewe generators...lmm
ISO kHzto 13 MHz.An areruggedtab-gradeinstruments that will perform aspromised,
every time. Hereare just two exemptes.
13 MHz Unlvernl Function Generator with
Fll!Iqueney Counter
• 0.1 Hz to 13 MHz output
• Sine, square. triangle. ramp. pulse, triggered.

gatedburst TTLoutputs
• Two built-ingenerators can be used

independentlyor together for AM or FM
. 1000:1sweep range
• Variablesymmetry for unlimited waveforms
• Built-in30 MHz frequencycounter

Mod el 3040 $1,1950 0

For moremrormauon onthecomplete lineof B+KPRECISION functiongeneratorsor fer
Immediatedelivery. contactyour local distributor or B+ K PRECISION.
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the In tensity and ih e spec tra l
di stribution of that radiation
In crease with temperatu re .
(We're all familiar with "red hot"
and "white hot" tempera tures .
bu t even "c old" objec ts radial e
en e r gy. l Ac co r d i n g 10 th e
Stefan -Boltzma n n law. the rad i­
ated energy den sity Is propor­
tlona lto T4. where T Is abso lu te
te m pera tu re . It Is that la w
which a llows sc ien tis ts to deter­
mine the temperature of the
sun 's su rface.

In Fig. 10 the radiated energy
Is focused on a temperatu re
sensor. Designs vary. bu t In gen­
eral th e sensor shou ld be small
and have a low mass for good
response ti me , Some design s
Insulate the sensor by placing It
In a vacuum. The lens material
might need to be s pec tal ly
chosen to pass long-wavelength
Infra red. especially for low-tem­
perature mea surement. Some
des ign s migh t not use a lens at
all. subs lltu tlng a focus ing mir­
ror Instead . A red or Infrared 1iI­
tcr might be added to minimize
In ter fere n ce from a m bient
light.

The Stefa n-Boltzm ann law
applies perfectly only to "black­
body" radiators. In rca lity. th e
ab ility of su rfaces to rad iate en­
crgy var ies. Every su rface has a
rellecllvlty and an em issivity. A
perfectly retlecuve su rface ha s a

con u n ue d Oil page 92

INSUlJiJlON

TEMPE1VJ1JRf
fOCUSING LENS SENSOR

rent has no effect on normal op­
eration. but causes the ou tpu t
to go h igh if th e thermocou ple
breaks or burns out.

Noncontact thermometry
We've fini shed our s tudy of

temperature se nsors . but le t 's
close wit h a qu tck look at non­
con tac t Infrared radiation ther­
mometry. Figure 9 s hows a
ha n d held device and Fig. 10
Illustrates its principle.

Any object warmer than abso­
lu te zero radiates energy. Both

TEMP ERATURE

con tinued from page 46

--....\.~-----....

th e th ermocoupl e cha nges th e
net cold-junction voltage. With
th e Inpu t sho rted (0 mv ), set R7
for a n output equal to room
temperature : for example. 25
mV a t 25°C (77°FI. Con nec t
41.269 mV to the input and set
RI4 for 100 mV plus the room
tempe ra ture (1025 mVat 25°C)_

Res istor RI's small b ias cur-



BUYER'S MART
FOR SALE

TUBES, _ . 14)1090% 011. SASE. KIRBY, 298
West Carmel~. Carmel. IN 46032.

PHOlOFACT Iolders unjar # 140055.00. OIhars
$1.00 . Poslpaid, LO EB. 414 Cheslnul Lane. East
MeadoW. NY 11554 . (516) 481-4380 .

OUR monlhly pcture flyer lists quality surp lus
parts al low pocee . Sendloday loryotlfs. STAR ­
mONICS, Bo. 683. McMlMVIl le. OR 97128.

C LASSIf i ED AD O RDER FORM
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PLEASE INDIC ATE on whiCh cat&gOfy 01 daSSlloed adYertJsing youWISh YOUI ad to appear. For
special headtngs. the<e is a sUfCharge 01$25.00 .
( ) Plans Krts I I Busoness QPpoI1Uf"11beS () For Sa le
( ) Ed\Jca tlOll lnstruc100n {I wanled ( I seeme TeIevtsion
I I

Speoal Category: 525 00

P LEAS E PR INT EA CH WORD SEPARATELY, IN BLOCK LETTERS.
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, 2 3 , 5
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" 12 13 " 15 ($4 6.50)
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at ($96 .10) 32 ($99 .20) 33 ($ 102.30) 34 ($ 105, 40) 35 ($ 108,50)

We acwpl MaslerCa' d and Visa 10< paymont010<00". II \'O\I W,r,hIOUse)Oll' CredJt ca,d 10pay10< \'0\1'ad hll
In the lollowln9 adfj,l101'1al ln\ofmalon (Solry.no tfllephono OfOOrs can be accepted ):

CardNUmbe< EXp"al .Qfl Datfl
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PIe"", PM l Name
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s..w., Of~. _ doles on~"""""'9 Clay Send10< !he das.sIIteCl . croe Numtlef
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CABLE TV Eq ulpm e nl . Most type ava ilab le
Special: Oak M3SB 539 .95. No catalog , COO01·
clefs only. 1 (BOO) 822-99 55.

OSCILLOSCOPE 50 MHz. Hewlen ·Patkard. s0l­
id sl ate ca libra ted. m anu al S290.00 1 (800)
835-8335 X·1S9.

SPEAKER repaA". AI makes - models . Sleroo &
PfQlessional. Kits _<Iable. Reloaming $18.00.
ATlANTA AUD IO LABS. I (800)568'6911.

ENGINEERINGscttware and hardware. pC!
MSDDS. Circuit design and drawing. PCB
layout, FFT analysis, Mathematics, Circuit
analysis. etc. Data acquisition, generation.
liDPCB's.etc. Call or writeforIreecatatog .
(61 4) 491-0832. 8S0FT SOFTWARE ,
INC., 444 Collon Ad.. Columbus, OH
43207.

WlRllUS CAllI • lflI • IUlOS _ _ JY

l/lIrlI """ '"'"~1 '1 ' f _ 1.1iii U GIll.
•~SyUom Com/IIII' 11.995
• 12-t/1wwlo15",*" C/II'r9III 111' 95
• Call .. _ tSASl:1b' "f1lE1" CaIIlDrj

PH1WPs.T(CH (UCTIO I ICS
P.D. In 1m . Sull s AI 15152

l lF'ETI "' t (m l l o·m OIU .. C. _ 1
WARRANTY ",..1_. V1&a . COO'' ' -"- 1'rlaoI

T.V. nolch Mef'!I. phone rllCOf(lng oq..o'PfT*!l, bro­
thure $1.00 . MICRO THIne. eo_ 636025. Mar·
gale. Fl 33063 . (3051752·9202.

DeSCRAMBLERS COIlvertlltS. Oak RTC·56
$99 .00. M35·B $29 ,00, Ze nrth z -tec $199 .00.
SA3- B S69.00 . Super Tri·61 56 9 .00, Toeom-ZeMh
test Chip 539 .00. FUll warranty, CO.D. OK
MOU NT HO OD ELECTR ONI C S, (206)
260-0101.

RESTRICTED techn ical irliormalioo: Electronic
surveillance . scnemaucs, locksmIthing, covert
SCIences. hacking. ' Ie , Huge " Iacllon. f ree
brochures. MENTOR· z. Dr_ 1549. Asbury
Park. "" onl2.
CABLE TV c:onvenen: JerTQld. Oak. Sc:ientolic
AllanbC.ZeMh & many Olhe<s. -New MTS' SIIlf1lO
iWXkln: mute & 'oOlI.me, k'eallor 400 and 450
CIWfIefS! 1 lSOOl 826-7623. Nne • . VISa, MCae­
ceoteo. B & B INC., 4000 Beau-Q·Rue DriYe.
Eagan. MN 55122.

TUBES: "oldest: "Ialasl.· Parts and scnemaecs.
SAS e b' 1ist3. STEINMETZ, 7519 Ma plEMood
Ave.• R.E.• Hammond. IN 46324

IMPOSSIBLE cable systems. New user program­
mable Unit , ewcrue an y or all features 01 PI­
coeeecrJerrold de SCfambiers ,TAKE CO NTROL.
1 (800 ) 968 -4041.

f iBER opUe t kits , Experimenl ers $24 .50 .
081ahnk ..... PCB $36 ,25. Hill ELECTRONIC S.
Box 47103 , Phoenix. AZ 85068-7103.

aocS2-Ba9ic micJocontroller board Basic onlor­
poeIar.32K RAM. 16K Eprom . Epromprograrnrnar.
RS232 . e xpansion eonneclOl. Ba.e board .... Ith
manual. sctemala $22,95. 8QC52.8asic mien).
proc:eS$Of el'lIp $25.95. Assembled and lested
$124.95. PROlOGlC DE SIGNS. PO Box t9026.
8aIlunore . MD 2120484



C1ACUrT BMrds -~e pnrted cWcudf3b.
ncatoon from SIngle sid ed 10 prodUC'loon multi ­
layers . Twen ly-lou ' hour lurnaround ava ilable .
CiRCUIT CENTER, PO Box 128. Add'SOI'I , II
60 101. (708)~71.

DESCRAMBLERS cable TV COO'lIIef1efS, IcMe$t
prices. guaranllMld. best quaJlfy. all types iMlll­
able. CNe CONCEPTS, INC., Sol 34 S03. M,n­
neapolis, MN 55434, I (800) 535-1843.

,
Jil CHfOIIAll(lUI;IlI!>H~~~lI '"

Jil CllllOD ~1[~'lA SYSTl " ' 193'10
:lO (2<Cll'fSl.ll. (;(lN1ROl.l(OS\'SIl "'~ ~

WllJIItlQWA"'-"",-1IIC "MCll.l~

'O ,IOl.:I<1U tIoTliOG OlI THI$1
l'IIOI111. l.I. l $/Ill AlII01Hift A_I
IMllnl·UI $ RIt/I I'IUKUlS
",",,11'1'~_.•..-...._-

20,000 + IBM-PC Public(\()main and sharawaro
programs. 1.2Mb diskene calakxl- $3.00. 400 +
page laser prlnled catalog - 51'1.95(fef.-.dable)
individual programs.buIlL TE1.ECOD E, PO Be.
642&RE. Yuma, AI. 85366-6426.

WANTED
SN76.t77 OR SN76.t88

SOUND CHI PS ANY QUANTITY;
BI OFEEOTRAC INC.

ASK FOR ARI EL
(71 8 1 85 2 -785 6

CABLE test ch ips.. 5- A 8550 . 50" B500 310,
311.320.321 Ispeo!y)-$33·9S5-A8580'338­
569.95. Tocam 550307 VIP - $3395. TELE­
CODE.POBoll6426-RE.Yuma. AI.85366-6426.

PLANS AND KITS
f ASC INATING electronic dev ices ! Dazerl l
l asers ' FMAMphone l,ansm 'IlOI$! Delectol1l!
I(IIS/llSS6mblod' CalaloQ $2,00. QUANTUM RE­
SEARCH, 16645-113 Avenue. Edmonton , AS.
TSM 2X2.

HOB BY,b,oadcasling,H AMic ai l urvll illance
trensrretters. amplifiers. cable TV. sceece, MS.
OIhOf great projods! Catalog $1.00. PANAXIS,
Box 13Q·F4. Paradise. CA 95967.

REMOTE CONTROL KEYCHA IN

m Ccmple~ .. ,lninlwlr.nsmlHH
o .nd .5 Vdt RF_lti_

Fully ot..~ !ntWng pl_
ta build youro..,uu1c> al'''''

,0,... . OuJn~1y din ountt. a-ble

$24 95 CMc:k.Vl C>f M.'C
• Add S Sw.lpping

VISITECT INC. Be_ ' /1S11,F.......r!l...C.. .-Sst
(510) 65 1-1 425 ax (510) 651-8454

r------------,
f-llLL- ORPART·TlME JOIlnuSINESS:

Learn VCR repair!
Prctess fonar-Ievet horne

stud y prog ram. Masler
easy-to-learn, high-prolit
repai rs u'i lhoul im-eslinlo:
in costly high-tech instru­
ments . Send or call 1oday.

Free career kit:
800-223-4542
'"""-- - - - - - -­......_-------
Cily SIAI~_L',---­

Th e Sc hool o f VCR Repair. Dept. VEJ 42

L
2245 1\'rimt'1l:r Park,AII.lllla. GA 30J.\1 J------------

DESCRAM BllNG. New secre t manual. Build
yourown eescrarretcrs ror cable and subscrip­
t ion TV. jnstruc nona,schomatlcs tor SSAVI, galed
sync. Sinewavo. (HBC. Clnomall , Showlime,
UH F, Mull ) $12.95. $2.00 pos tage. CABLE ·
TRONICS, 80. 3050 2R. Bolllesda. MD 20824.

PC boards elched and dnlled Iof .10 per squa re
inch . Sen d your requiremenl to J M ELE C·
TRONICS, 80. 150454. A1tamonle Spong s. n
32715-0454.

KITS. IighI. sound. high lectoa..:l unusual. Send
Iof free calalog.JM ELECTRONICS, 80.. 150454.
A/1amonIe Spmg$. Fl 32715-0454

MCM ELECTRONICS
Has A Winning Combination....
Value and Service

OrderIng from MCM Electronics Is like
unlocking a new world of value and service .
With over 17,000 stocked items, Including a
wide eeeornnent 01 semIconductors ,
connec tors, audio and VCR parts and
accessories, hardware, too ls and more; you're
sure to fInd value In the selection.

And, ton· free ordering, knowledgeable
telephone representat ives, fssl order
turnarou nd and flexib le payment terms make
MCM's service unbeatab lel

Call Today For Your
FREE Catalog Subscription 1-800-543-4330

e MCM EL ECTRONICS
mcm 650 C O NGRESS PARK D R .

CEN TERVILLE, O H 4 545 9 ·40 7 2
A PREM fER Company

CIRCLE 87 ON FREE INFORM,I,n ON CARO as



AMonumental Selection
Test/Measurement and Prototype Equipment

Jameco 50lderless Breadboards

I)"";g" n....
inle,f. o'" '"
", ,,Ji(\' ul.! un",
'1"...11)' anJ
•• ,ily.
C"ml'l(ld~
",I(·<'" "u innl .
lho'\( I~,.e. '" dll.!o· (25) 22A\" r; wire
jUllll"' '' . nJ m...hin. " . ,1 """ k.h .n
~' ,...... "". '0 ha,-•• p;><>J conr>«lion .

,U D;~;, .' 1,,10;111"'<1 S39.95

.U Dip ' Mulum<t<t S59.9 5

J_~ o;p, Mul" m<tn
wi,h T« hln-u S; 9.9 5

J.' (lip' M"l" m<t.. ..-IF"'!........,
&; uPO< " S74 .9 5

~_~ Dip, /h~, &;<:.p..ciun<"
&; lbu B..IJ ,,,,,,h....__S99.95

f.!JROO

M36 10

M3900

M3650

RS232 In'etface a.eck
Tester
I ldl" " 'niJ
"'I"" .. i,..,.
lrp.1 i,ull, ,,,,·
,h"" illl: ,"0"
,i"'I'Ie ima(. e.
l',nhl.m, . ln "",ond, lhe C 1"2.12" 'ilI
",\:(11),. 'lAm, ,,(I;ne 2. J.'1.S. (" s.
I I . I 'J .",1 20. -n, e l"! .l! ;ndu J ..
m. 1e to ferrule DB2S ro nnalo l'.

Metex Digital Multimeters
" Ib ndhdd. hip, a<ru"<)' " AO IX: ,,,Iug.•. AO llC " m ml,

..mu nc•. J iodo. mnunully. '"'''bI''' hFE(n'-'l'\ \lJ?OOJ
" ),b nwln,,~,,& ,..I"....m",-,,Jpll ll roiM
" C.t>~ ",;th prolx>. h.lll..;... u .. andnunwl
),-1 .1650 /'( M4650 only;
" AI-" ","' 11[" f'"'Ium')" , nd "I'.(it."..

., 517.95
4 22.95
4 J l. 95

,.......",. kmJ::·w.i",brr~ds k"~,,, 1•.-t<m-prin,N color woN'rw.:> .nd art ltIiublt r....
.....n~ kinJ.of rl'Ol~l>;n~.nd circul' In.ipl. L"P'f modtI, k. ,U",,' havy.JlllY :aluminum
Iu.;Ljn~ .. ;,h ,nlu~~ .nJ pOllnJin~ po"'"
I', n Uin,. Con..<. Dindinl\ r an n om. Conl'''' Bindinl\
~o' I " J W" roi~u.J'riu' :So. L' J \Ii '" l'O;nl$ ('O\l1...r rin
J El l .us, ~ . I~ S ~uo

J EI] s.sn , ~ .llS 8,""
J E2 4 b,';O . _U ~ S 1..\(,,.

GoldStar 20MHa: Dual Trace Oscilloscope

I'd"

Il IlMF S9 .95

UYP EPROM Eraser

-
• Er."" . 11 f.l 'RO ~r, · F....... I (hipin

1\ ",inuln . nJ s ,hip' in11mi"
• UV in,<m,,)': MOO L'\l'IC ~F

Uf. 4 ,.SR<),95

276-i·20 S3.9 5
27M·25 3.7 5
2764A ·20 3.75
276-i A· 25 3.19
27C64· 15 3.95
27C64-25 3.25
27 1280 TP 2.49
27 1211·20 7.9 5
27 128·25 7.7 ')
27128 A· 15 4,9 5
27 128A·2 0 " .. ,.4.49
27 128 A· 25 3.7 5
2i C I 28· 15 ').75
27C J 28·25 7. 9 5

Pou rmC""·••. J f,;o.c PAd :-0.

272 S60TP ,SJ.7 5
272 56· 15 ,5.49
27256.20 4.95
272S6.25 _ _4 A'J
27C256- 15 5.9 5
27C256- 20 ..t.9 5
27C256 · 25 .-4.25
275 120 TP ..t.'J5
2751 2· 20 6.75
27512·25 5.9S
27C5 12· J5 (,.7 5
27C') 12.20 6..19
27C5 12·25 5.95
27CO IO· IS 9.') 5
687(>6-J 5 .4.95

• Partial Listing : Ol'~r 4000 Electronic
and Computer Components ill Stock!

EPROMs - for your programming needs

CT2J2 S J4. 95

E(EIPROM Programmer
1 Socket 16K~lMeg

D IS2 5 J6 S·U')
n lS25JlA 6.95
n IS25M 5.95
T MS271 6 .•.. .. .._ 5.9 5
170 lA _-3.'J5
270 8 _ 04.75
27 16 3.3')
27 16· 1 J .75
27C I6 ,4. 25
2732 4.95
27J2A. 20, ..t.19
27J2A·25 3A')
2732A -45 2.9 5
27CJ2 .-4.75

• Buill·i n N",mll.lmdlig,ul 1&11.and
Q uidr..pul-.t algorilhm l ' XI'(,OOOA
needed f,,, "j'CW!OIl • S" ftwJI( included

XI'600 1 .5 119.9 5
XP6000A "'J . p u S29 .95

cr RCI.£ 114 Ott fREE INFOAII",11ON CoUlD

GS7020 5399 .95

Tht pnfra Wl;,lOrooJ...~'.
lnIi",md~,

~ h-"",,, indu.l.r. 6"
CRTdi'F. and !>.anJ,.-id,h
frumDC 1<> 10 J.lHt. 1'ht
Gold~t.I. Oicillosror< como
...-itt. 4O)"IH, pmbc:!.. ......
r.. J"'""'<1' o>rd. orn.,ion
...........1. Im.m.uia . nd "10<1
."J -i,int:J",!:",m. h',
lit:!', il\h,.nd 1'(.<ul>l... i,b
• l\Oo, ,, . ~..,.. "'Of.. ,,'}' ,

400016 ~.,ioruI ( ,","a1~

1.iPc'.uIlcvica.Il. oo>ol< .. 19 .9 5

400039 :-.:.1-.1 t ",ic D.uhook _ . 19 .9 5

40001 5 ;-':.,;.,,,.1 D.,. A"'Iui,j,ion
l.ineAr I~ i,(> !h ..hnok.. I I .9 5

400 104 :-.:.,i"", 1Sprci.I I'u,I"''''
l.in•• t Im,i.....Dm bo" k.. 11.9 5

400044 x..io". 1LSISflTL
D.uhook , 1·1.9 5

230843 lnld Men~",. D.uhnok ." N.95

27064 5 lnld S·lIil F.mbcdJcd
Con.rol"" ll.ubooL 19.9 5

N!J" . -.u [J",../Jwh ." .iJ,,~

National and Intel
Databooks

Plrur: ••f•• 10

Mail Kryl
..,he"

onIm"l

COMPUTER PRODUCTS

2<1 HourTon·Free: Order Hotline
1·800·831-4242

BNe Cable Assemblies
for GS7020

nNe l IISC(~l) to Bsa .\l ) RGSII
AlUovu 53.95

8:"00 DSQ M) 10 .\ I.w;ru Haol
RG17~ J'f·UM•..••.•••.,J.9 5

UNQ B~C(M J 10 '-1.0" 0 Hool<
RG I7~ (3?"1.l••••••••••••3 .95



at Competitive Prices
Computer Upgrade Products and Electronic Components

Upgrad~you,. rxi.1ti"g comptlU,. sysu",! f ameco will lulp yOIl upgrade easily alltl eco1lomit"ally.

Fuiltsu 1 0 1-Key Enhanced Keyboard

FKB4700 S79 .95

Toshiba 1.44MB 3 .5"
Internol Floppy Disk Drive

35 6 KU S99.95

• IB~' PC/Xl /AT . nJ romp' lihlts
• Coml",ibk .,-ilh I)()S,,,ni,,n, 3.3 '" high«
• InduJ... . rr n«<,,'..lIv in.u rr. ,i"n h., d,...",
• IA~~ 11l form.mnl hip< Jcr"i~' moJc-
• 7201\11 fomunnllm.'dtn"", modt
• Si>", n t. ~ '\\'. 5.,'0 l.en,,", dri-o't".in:l
• tJnt..llC" M. nu(...,urcr" 1l·....nIJ

J\fa n] more
Upgradr Products

al'lli/ahlr!

Thisk!oho.o.,J b lUm I! fiuKt.... ky.. '<pm,.~md llUmcrickn...
' IBM I'CJXTIAT md<om.....ibkmml"'''' ....
• Auto""'IK.l lly ....-;,<!>n btnof"n:\T o. AT
' lfl ) InJiulUf1 for ;';um 1.....1<. Cops

l.ock••...1 ScrollLxI<
• Ta«ilcfmlNJr.
• ~bn....1;"dudcd- UM·rt" \l '.unnty

}F..J616S N S299.95

11Ii. onin ofb~.l""rf"I""'II<C Con"", di'" .bi"r;> i<dc-ip><tl forb ' l:t
Slor./:<<:.l1""'Y.
CI'3000 401'.1 11 J 5 ' Low PfOfik •.••S 249.95
CP30084 IIC1MII.l.nnw Profilc••••••S399.95
C I'30 10 4 1 20~lB .I . ~· Uno.' Profilc ••.S479.9S
Cr 32 G4 200~ ' 1I .1 . ~ · HH •..•..•••.••.5699.95

Al»>2 0 l(...hi, 11"<1 Awpln ... ••.•••••529.95

A.MJ,;....uJ..u .dJf= """ if.zUt'

Conner IDE Hard Drives

Jameco 80386SX Motherlloard
• 16~' Hz P""' ''int:opml
•~. "'OI1>ctbno.,J (8. 5·~ l j·1

· l.no oronr ....<li. oW e ll,~....i<>n
• Supporn up to 1(,.\111 ofRA.\l
' Inld 8OJ87SX!coml'oll,t>:, m.nh.,,1" "'.....,SOChl

• A.\t1BIOS
• Si. 16-bil,nJ """ 8·bi,opzmionbu, .Jor.
•One·~n, ~·.r..nIY

Mem....,

Menl;On
M~il Key

2

Tmon: I'n<n ....b,n..to <h.o""" .. Il I _ a .
hem....t.,.."u." ,l.ob;lity. no:Il" lt,
Comrl."lill of l..m<!~ .m,m;.. i. " .. 1.1>1,

"I"'" '''I"'''

1355 Sh(>K"'~" Road
Iklmon l. CA 94001

FAX: I .S00.l37-694Sr~1

FAX: 1··' 15· 591 -1503 <1•......-..1,

BBS Suppon: 4 15-637·90 25

0.
24-Hour Toll-Free Order Hotline:

530.00 Min imum O rdn-

1-800-831·4242

Call or Write for a

FREE 90-Page
1992 Catalog!

JAMECO®
EL<CmONC~

CO MPUTER PRODUCTS

In.c.nalional s.aJ~ . COSIOn.er Savin · Tn hniu J """i,un""
• Credil ()cp;a nm cnl· All Olhcr Inq uirin : 4 15-592-SO'J7 · 7AM • 5rM r .s.T.

O I'I'J!j4-. VI!
CARnid<n.. Mol~_ !\'Io. 7.;~ 8 !so. or 8.~'" s..1n T..

B!!3 I•.C 'h;N',"~.lu"JI;"pnJ

~ ~·"'" I ;n,",.",. " • ..Jd',",nol

Connectors IC Sockets
ruilill. Onu.iPliJ.!,- Price

t-.l"Dfok-'ll'orU\~cI.!l

DBl 5P ~bl".15· pin S.65 eu- S. IO eww S.49
DB25S F"m.ol". l'j .pin .7' H LP . 11 H WW ."DB2SH """" J' 16LP .12 , 6WW .7'DB25MII Mcu i ll ood 1.35 241.P ." 24WW 1.15

LEDs 281.1' .22 28WW 1.39

XClO9R T l. (Red) S. H 40t.P .28 40""'" I.S?

XC556G Tl JI<I. (G=n) .16

~XC556R '1'1 .\1·1. (RcJ) .12
XC556Y T I ]14 . (Yd l"w) .16

.~-

Pm c

2"i6K DIP 12\lm-SI.;'

!~ t\ DIP l~_U9

lMIH>lP &0..__'"

lMlIlJlP loon•• 5.-i')

!'I/>l:SIPP 100m_ 18.95

!'.6" SIM.\1 llOno ...!O.95

1MBSIPI' '")." 59.95
IMII SI.\IM MOm ••••&1.95

JMTl l3 ~1·IH.O" .(", (r,W) SI.I 5
206-8 ~~T. 16-p;n(I1IPI I .09
MPCI2I sem ,

("'·Off-On CT",pe1 1.19
MSIOl SI'ST. M<>fnCfIu'Y

(l'u.h.llultnn) 39
'A,Milio,,~1 <'o"'/,,,, m , .".~jwb/~

Transistors And Diodes
P:-';1221 S.12 1r<.7 51 S.15
P~2907 .12 C I06B I .65
IN4004 . 10 2N-H0 1 .15
2N221lA .25 IN4 148 .07
IN -i7JS .25 2N3055 .69
2:"13904 . 11 IN270 .1S

Swlkhes

Miscellaneous
Components-

Potentiometers
V>l.... " '';Uhklin"" ohm,;"IP'I"'c m.u\;td
'x:n
soou. I". ~ t\. lUI\. ~'I\. SOl\. IOUI'. I),,!EG

-urxx .\14 \X'~, t.1 5 Turn ..... S.99
sn-xx 112 \X'~1t. I T urn ••••••• •89

Pan :-;Q. h no""".''- ",M

~nS6-120

~ I! 'it>-IW

511000P.jjQ
511000P. IO
-illS6A'IA·IO
U25U'lS-1O
HI OOOA9A.1lQ
H1OOOA'Ili-KO

l.'J..n.lSo. I·' 10.
noB2cr _ S.59 S.49
L\IJI 7T._ 65 .55
L\1324:'o1 _ MM_ ._ M..15 .29
L.\13367_ _ .._ 1.05 .95
L\1339:" ..19 ..15
NE555V 29 .25
L\1 556S 49 .39
L ..' 7lJC.'l' _ .•. .49 .39
l M741C.'l' _M••_ 29 .25
L'I 145BN J 5 .29
l M I-i88N •.•.•.•.•..•.•.•.45 .39
L..t l -i89N A5 .J 9
UI.J"j200JA 69 .59
U. U 9 1-iN 1.9 5 1.75
!'\E55J 2 1.19 1.09
7805T 45 A I
7S12T 45 .4 1

•GillJj,T ~ m"I'I,u li"",1. of10

Integrated Circuits-
&":>00. I ·' I Q.

74LSOO S.25 5.15
74LS02 __ 25 . 15
74lSG4 M • •• • 25 . 15
74 LS08 29 .19
74 lS I4 .•.•M 39 .29
74LS30 25 .15
74LS32 .•._.•.•.•.•......•.25 .15
741514 29 .19
74LS76 _...... ...•..... .J 9 .29
74 LSS6 25 .15
741.5112 35 .25
74LSI 23 39 .29
74 L~ 1 3S 39 .29
741.5175 39 .29
74 LSI9.1......... ...•.•.... .59 .49
74LS244 69 .59
74LS245 69 .59
74LS373 69 .59
741.5374 69 .59

Linear ICs-

CIRCLE 11. ON FREE INFORMATION CARD



CABLE TV DESCRAMBLERS*CONVERTERS*
and ACCESSOR~IE;;S._l"'I"Il":~

WANTED

I ELECTECH I
CABLE T,V. DESCRAMBLERS

• Allquality brand names •
• All fully guaranteed • All the time .
Knowledgeable $ales Servk:e Department
FOR FREE CATALOG 800-253-0099

PANASONIC,JERROLD,OAK,
PIONEER, SCIENTIFICATLANTA

AND MORE. LcmEST PRICES. FREE CATALOG.

CABLE READY (800) 234 1006COMPANY •

K ENWOOO & l eo m se rv ice bunenns. 175 +
pa ges cover ing all-mod els . 533 ,95 ca talog ­
$3 .00 ,COOS(602 ) 782 ·23 16i Faoc (602) 343-2 141.
T ELE C OOE , B ox 6426 - R E , Yuma . AZ
85366-6426.

VIOEOCIPHER tpscanner.cebre.setemte modi·
fcancns boo ks. Cala log - $3.00. TELECOOE,
POBox 642fi·RE. Yuma, AI 85366·6426.

laser Pen
PenSIZed laser. geat I()Imovies.
drive· ins. pCIImOl!. Ready touse. ,.,tt1
balls. LAPNI Laser Pen • $149.50

Pocket la ser Kit
3mw or Smw kits, wilh solid Siale
61Gnm diOde Caution, Class lila eem
VAUKM 3mw user Kit •.. $99.50
VRL5KM 5mw user Kit •• $1 19.50

MORELaserKils!
LAS1KM lmw Laser, 632nm, HeNe
Easy10Build Kit • . . . . • . . $69,50

LAS4KM 3m'/>' Version, Kit $9HO

LAT05lowCo~ HeHe Law Tube!
.5mw Tube& Plans • • only S24.50

Ott>er partsavai!al)les.eparately,
GrealLow BlldQeI S<:ienee Pro~l !

fftti
TV & FM JokerfJammer
Pl;det seedevlceletsyouremOll11y
dlwp! TV Of radoo teeePtion. Great
gag' [) saet/on requilOO. Easy-b.llk:l
electroniC kit EJK1KM •• •• $19.50

Remember lhose Martian
SpaceShips in~HG Wells ""~
War of 1M Worlds? _

MYSTERY
levitaling Device
O!Jlec!s float ona,r a'ldmove to lha
IllllCh. Det.&S grallity' AmaZIng9,h,
conversation pece. magic trickor
greal soeIltilicprojoct
"'KIl l( Eey.A"'y kIt PIanS$19.so

l1i 3 MILE
, FM Wireless

- Microphone!
Crystalclear, u~,a -wnsitr<e pickiJP
r;msm.1S voices. SOiSlds toany Ft.l
radio. For r.eoJntv ,mMtoring
thtI:lren.l/IItalids. Bethe local OJ!
MVPl Plans .. $7.00
MVP1KKIU"ans . •• .. . ••. $39 .50

100,000 V• 20' Range
Intimida tion D e v i c e!
Eledroriemodule, may be endosecl
lorl\andne\lj, portable,()(~.ed uses
1U12 Plans (er8(\llal)letokltl S10.00
ITM2K Kil I; Plans •• . . . .• $49.50

3 MILE 1r READY.T().USE.AUTDMATIC Shock er Force Field

Telepho n e - - P h o n e R e c ordin g @ rT\ j;=v ehiCleEle ctrifier

Transmitte r! Sys tem '0' .. ~ ~
AutomatICally transmts 2sees01 Co~ele Wllh extended play tape ~
phoneccnversaecn toanyFM radio recorder I; jne mterfaceSWItch r -.:::,:
Tunable easy assembfy PCboard Aulomabcaltyrecords ooth sides oj ~~

OperatesorO)' when phone ;s in u!.& conversabOn CiledI Local Laws 011
VWPM7 Plans .• .•••. $7.00 Proper Usal Ready lo-Use Sysl9m Ma'-e l\arl:l s./1odt balls shocll wands
VWPMK7Kit Plans ..• .•• m.5O TAP2llX Syslem SI49.5O eleCl,dy otJted$ chargecapao/Ql's

r""'::::\ Great paybad< lor thoseWIse guys'
INFORMATION UNLIMITED'C"'j SHK1KM Easy·As~bty KII S2450

Dept RE-4 Box 71 6. Amherst NH 0303t Order by Majl, Or by , , •

Phone 603·673-4730 FAX 603.672.5406 24Hr Ord~ PlIo".: with manymore items!
NC, VISA, COD, Ct\e(k Aeupl~. ADD S5 S&H. 800-221-1705 FREE wilh order. or send S1P&H

NAME BRANDS AT SO% DISCOUNT
Tbl$ FRU 24 page eonISm" Buyleg
Guide lells all about SlI~l1lla TV and
II sll guaranteed lowesl prlees.

s..'","" , 11><
f>3t O ~ Un.,..,<'ly /10 3/'lf '''''''''.lt 6t6t l

1·800·472,8626

~ (oJI1ERIcty
,,"v .' * . ~
i:50"~, ... -
5 YEARS O I' ". ~

U.S. SAVINGS BONDS

INVENTIONS! new proclUCIsfldeas wanted ; ca ll
TLCI lor tree inlormal iQn.'invenlOrs ncesrenor. 1
(800) 468·7200 24 hours/day - USA 'Canada.

INVENTORS: We submil ideas 10 industry, Find
out what we can do 101 you. 1 (800) 288·IOEA.

INVENTORS! ceeneertNeed help?Call 1MPAC
101 1' 00 inlormahon kIt. USACANA Ok 1 (800)
225-5800 (24 hoursl~

-to .. .. "" 'RESENTING'" -to: .. .-

CABL£TV
DESCRAMBL£RS
.. .. .. ... ... STARRING ...... ... ......

.lERROLD. HAMUN. OAK
..... D O THEll fMlOUS ........Uf ACT\JO'(ll'1

• FINEU W...... A,N,y /'llOGIli\M AVAA.A1U
• lC1\,\IHT . EtIIA.IWHOlfSAU PlllCE\ IN U~
• OIlDE RS~ f -..v.t sccewm<IN 14....
, ....... "'AJOII CIlfOl' CNI'05 K urlEO

FOR AlL INF"ORMATION
1·800·345·8921

SURVE ILLA NCE ue nsmnte r kits tune from 65
to 305 MHz. Mains powered duplex. telephone.
room. combj ll<llion terephcereroorn. CalaloQ wrlh
Po p u l ar C o m mu nlea llo ns. Popula r £I ee­
tronles and Rad io-Ell!'ttron les book lIlVIlIWS 01
" Eleel ron le Eavesdro p pIn g Eq uipmcnt De­
s ig n ," $2 ,00. SHEFFIE LD elECT RONI CS,
7223 Stony Island Avo., Ch,,:ago . IL 60 649·2606 .

SATELLITE TV descrambrer. Bu ild your own.
Easy 10 lolloW' inslrue1ions. pans lisl . dreull board.
wiring dia gl am. $9 ,95. ABG EN TER PRISES,
27081A. Hal llax. NS . B3H·4M8.

OEFEAT vd ectape anti·copy PCB PAL tnstrvc­
tons $16,50 wiP&H LOGICAL CHOICE. 955 NW
Ogden, acre. OR 9770 1.

QUAU TY new plans . Mltm and restrcted oe­
vices. Ca lalog $1.00 K ELL EY SECURITY, INC.•
Suilll 90. 2531 Sawtelle Blvd., Los Ange les. CA
sooea

VHF amplifier plans 75·\10 MHz. 15-2 5 walls.
$8 .95; PROGRESSIVE CONCEPTS. 1313 North
Grand Ave., ji!291, Walnut. CA 91789.

CREOIT card encod ing . standard explained in
plai n English. lIluslratMl examples Included. send
$5.00 esc. Box 1841, Alexandria . VA 223 14.

DESCRAMBL.ER kits. Compill tll cable kit S44 ,95 ,
Complete salclhte kitS49.95 Add$5,00 sh'pplng .
Free broch ure. No New Yod. sales. SUMMIT RE.
60 x 489 . Bronx. NY 10465 .

sea and sehll mal ie CAD. $195.00 IBM EGA CGA
MultIlayer. fUbberband, autovia, NC drill. lasel, dol
mal rix. plcner, library. Gerber, AUTOSCENE.
1056 5 Blucb,rd sc. Minneapol is, MN 55433, (612)
757, 8584 free demo disk,

NEW CABLE TV DESCRAMBLE~(l)NVE Rm
AU • •W .... I rllCE WITH •. . .... ",K 'r lm AL a ....,.1IOl-
' .....T 0 1 . H",U ' f A_ ' ", nl 1.1.. 'SUIJ' ,,...1

'lI IC,ISTlI swm ....
"'" s....n ...... " 9 00 . AU. JI Mn !JlCrYf IlII In ""

/t><1I1I 1. lAC . 'J-1' " RNIW ~, ...:'W 1'1'11>'

'."""m.' 1Oot 110;1 Clll. '" "" ". "' .. ",., ....

C.O.D, OI!DERS or nr. roJ-611-J199.. M·FlA·JP

Callor . rlfe
' ... I ' ln.o

t5 1:J14 ·2216

LEAD
VOCALS

B'



BEST BY MAIL
A,•.., w,n, Ni llon . , BOIS. S• •••' " • . FL 3-1230

OF INTEREST TO ALL
VCRR£PAIA · TtC HNICIANS' SECRETS REVEALED Do It
~ l<l... aJly .....,,~... 51¥! rourOlOtloomm....~
ly~! .~ _ 10 Iallow MANUAl. -.e ll
Sct>wnIIlICllOiacr_ ...~ eoa numbe<s 01 "1~
...-.,laet ...... lOt~ lIMS dit.et- More. " " ,115 10:
ACME VCR REPAIR, 21001 "-n0l1cl< Lana. ""'l~ CA.

""", ..."".."""....,,"""',,"'......"RETIRE EARLY 1-100-716-3341 CODe All $'" M-.tIon.,.,...'"
TOOLS

CORDlESS SOlDERIItG IAOI't. Increases _"Y.....
I"O!"KCurKy!~ Sl'.!i5.. F... InIonnalOoo>.
~ 1mpotIa. PO Q , ;)5.S, Cllio;aQo. Il e0642.

MONEYMAKINQ O l>POFlTUNITIES

GET PAlO fOR Slut ,"'G .....lopeS! F, ,,,, <111"11- Wille;
SII.lI·11. 80 . 2~RE). Graham. 1')( 764.50_

TIIAVEL

50% TRAVEL SAVl NOSr INFORMATION $1.00. !l23lio,R£l
W OLA l,I. CHICAGO. n, i5OIS3l). , l 2l

l1-E N1ClST ADVANCED
TEQ-l f'JOL.03Y IN CABLE EQUIPMENT:

89

sn WEIIII .

m USEIlI.

tIlGULATORI

DIGITAl. IIIffiRiAN DCOUIITlRS

CIRCLE 93 ON FREE INFORMATION CARO

" ... ., "" '- -.
• " • '._"",. ,."'" no>· ... . ,.... '.",...... ,...• .. n~ ,.oar,.'.. '.._ ..._ ..., .. _ ..
• .. n· ".-.,'..lID .._,._ :to.... ".,..._.._....., .. ~

.u&PlIf1(tll m ......
"''''' OESC~ IP TlO/I,,- --_.. ••" ....~ ....__.-...

". "",, ~ ---_..,_....---""'.." . ". ''''",,.,..., .... ""'....._-... .. ". ••,,~ ...........-....-.... . ". ".
o ~ -----_..._....,.__... ". ••
"~

....__...-... . ". "".."" _...~---.~...... ... •• ".,, ~ ----... . ". ••",,' ,----_.. •• ••
o ~

,_ .,_-'<.11<_..".... ..... ...,.....__... ". ••,,_ ,'_.'_L...T..... ..___ .~ •• •• ".". .... .-...""---_ .. •• .",,- --_._--... .. •• ••..-_._--..._..._-.' . '''' .....- 1< ...__ . ...... .. . ". ...'.- ......_."'-.__. ••..- ........... .,---.. •• ••"- -_.._......._-.., .. ,'. ••..-_....."--_ ... •• •••om '--""-'- '" •• ••
o~ ._--..- . ••
o~ ----_....--'.... ". ••o. --_. •• •••• ----, ..... ... ... . ••

wsm 1 AM(OIJS en
..._ > --,.,._. •• ••... 1___•

•• ••., .__.
•• "... ". ---_. •• ••"," -_.'-. ". ••

"" -...--_. "" ••... r__•

••." ...---_. •• •••• ._-"".--.. •• ••.~ ._-..- . •••• --_. ... ••-.
...__. ..... "".,-.__. ". ••-. ----_. ". ••,.. ....., --_...._._.--_... •• •••• ......__ .. ." >I ,'•• ..._--. ". ••."
,.__001_,__..

•• ...,.., -""-_.. ". ""•• ............._... .._.. ,,"',-,, "'" ".." ._..._._ ... ..... ,.,"""', "..' _,;...~..,.._,_..T._
,.",,, ......",- ,, ".= ........."..,..-,_ ...,."""","".- ".

... .. ',__ L".' ~ ,. .. Jo " .,.... ~_.. . .. . ........_ _ .... ·• u. ",. "...... . _"".~.,._-,.. . ........ "' . .. It ..

""'" .'''''''-''''----..._. ".. ",.,,- ...."'-"'--_.-..._,. " .. ",.'0"" .... "'_ "'__ ..--.......______... _ '.. "" n"

• BASE BANO
• PKJNEER

• JERFlJLO
· m COM

• HAMUN • ZENITH
• SCENTIFIC ATLANTA . OAK

BIG $$$ $$SSS$. VCR , stereo. TV ftlpa ir. lncmdl·
blo manual lilled w~h the tatest repa ~ lIpS, ROC(ls­
sionprool yoursel1. Reduce imports. Only$3 9,95 .
BERGE SYSTEMS , Unl' 3-42·AE, 253 CollGgo ,
Toronto. Ontario. Canada. M$T l A$.

CIRCU l l1t ON FREE lNFOR.....11ON CARD

7491 C5 N_FB::eRAL t-MIY.• 9JTE 142
BOCA PtATO"J. R. 33487

For out of th is world prices call
W ORLDW IDE CABLE

1 800-7 72·323 3
FREE CA TALOG AVAILABLE

ELEC TRO NIC engineer ing . 8 volumes cern­
pete. $' 09.9$. No DflOf kr'lClWle<lQe mqUlled, Froo
brochure. BANNER TE CHNI CAL BOOK S. 1203
Grant A-.enue. Rocklord. Il 61103 .

EDUCATION & INSTRUCTION
F.C.C. Commercial Genenli R.diotel~ho.... 11­
cenae. Eleo;lronics home Sludy. Fasl . 1OO~pen­

SIVO! ' F,eo" de tails . COMMA ND, 0 -176 . Sol
2824. sao Francisco, CA 94126 .

•

RECESSION ? ThrTvrog fullyequipped audovid­
eo repiIIl' shop. $13OK. IIWs~ ProYerl4O"Jl, ..
gross 11$1 three rea~ . $10.000.00 casn. AU.
DlOTEC H, 256- B Nor1h HlQhway 101. Encnlas.
CA 92024. Fal (6 ' 9) 94 4-{) 3-45. Phone (6 19)
944·9048.

EA SY voorl<! ElEcclenl pay!Assemble produclsal
home. CanlolI llee 1 (8001 <161·5566 Ell 5192 .

MAKE $SSI Become an Ame rican ele<:lrontCs
dea ler! Proht oppo rtu.....res since 196 5. Call
SCOTT PRUETT, , (800) 812·1313.

• CABLE T.V. BOXES - ALL TYPES·
• LOW PRICES· DEALER PRICES·

MASTERCARD AND VISA are now accepted
for payment 01 you r advertising. Simply
complete the form on the first page 01 the
MarkelCenter and we will bill.

.... ACE PRODUCTS ....
• 1·800·234-0726 •

HOME assembly work availab le! Guaran'eed
easy money! Free deta,ls! HOMEWORK·R , SOl
520. Oatlvllie. NH 038' 9

BUSINESS OPPORTUNITIES

PRomABl£ establrshed businesses lor sale by
owners - aI artIa5 eJ<CePl Northeast AFFlI j­
ATED B USINESS CONSULTANTS , (11 9 )
548--8888.

ANTIQUE RADIO CLASSIFIED
Free Sample!~

Antique RadlO's _ ,~

La/gest Circulation 1.10nlhly. e :
ArtICles, Ads & Class,"oos.
6- Monlh Tr ia.: $1$. l .Y, : 52 7 ($4G-1s1 Class).
A.R.C•• P .O. Bo. 802·L9, Carlisle, MA 01741

MONEYMAKE RSI Ea, y! One man CRT mbr.M1d­
ong mactnno"t 56.900.00 nlbuilL $15.900.00 ..-.
CRT. 1909 Louise. CrvstaIake. Il 600 '4. (81$J
459-0666. Filll (815) 411·1013.

YOUR own roo,o Sl abon! licensed'un~censed
/Wo. FM. TV. cable . Intormabon SUlO. BROAD­
CASTI NG. SOl lJO.F4. Paradise. CA 95961.

LET Ihe goyern-netll hrIance yoursrnaJI business .
Grants-loans 10 S5OO.ooo. Flee I'9COfded~
sage: (701) 44H600. tKS1~



01111.:11 1 '01.1 • • 'IIU;
1-800-228-7404
DON'TFORGET TO A~I( A BOUT OUR

FREE CATAlOG WITH IUY1NG GUIDE

FRIENDLY, PROFESSION AL SERVICE
30 DAY M O NEY BAC K GUARANTY

B£ST PRICE • BEST SERVlCE

[e-; l""'"i ~ [C:O.~
1Ql ..,.1f<lI,IO,'O< N\).lB( Il!C1IlOtO:S

1·512·25Q.503 1 .~W~~':".

SECRET ca ble desc:ramb let. Build your own do­
scrambler for reee than $ 11 .00. in seven easy
steps. Radio Shack parts est included. Also tree
descrambling methods that co , t nothing to try!
Send SIO.oo to LOUIE WHITE,2 MaIlm, Baylown.
TX n520 .

INVENTORS
INVEKTORS I Can )Q.I palenl and prol~ !rom)(JUt
idea? Cal AMeRICA N INVENTORS CORP. tor
Ir&e inlarmaIoDn. SeMng irM!ntots SItICe 1975. 1
(800) 338-5656

SATELLITE TV
VlDEOCIPHEA I~ de'set.mblh~g InI nuII. Schlt­
mabeS, video. and ecoo. e xplalflS DES. Eprom.
CIone Maslel. 3 t.4 uskeleer. Pay·ptIf-VIeW (HBO.
Cnemax. Showtme. Adull. eteJ $16.95 . $2 .00
postage. SChematICS for V,deocypher Plus.
520.00. Schemabc:s tor Vodeoey;lher 032. $15 .00 .
Collectoon ol soItware to COV'I and at1ef EPROM
codes. $25.00 . CABlETAONICS . Bo. 30 502A.
Bethesd a. MD 20824.

llU.l.ET HIOQf T\l1t$TlO
WAHl TO llUYo
TOCOlIl , S A ._.O.V7tu_w .._ prl_
CoiIF","f~_

c.~"'_ ilo;lTO 0 ..1. .. Woo l.,

..... .VlIlI... (402PH ·2228 800 ·835·133 0
[1..,.....,<.'" 21)0 so.113n1 0..12. _ . .... NIl 6lI1"

nilS A REGULAR TYPE BOLDFACE AD with .
tint Kre-en . TohaYflyour ltd a ppe a r like th is o ne .
the eost I, S.U5 pet word.

BUY BONDS

Pressfit Speaker Norelco Type Boxes
Terminal Sw-latd
Somg-. ..-.-
puo.hbullOnl-jlNUl oIUIic:bo. ,or
IemWIaIfl • rOUl'd caHlIM.
l'ouIiIg. No Bla<lI._
~ requred 10 \fIIlI~ e... tod.
l :.~ d'm. ho... tIfJfI,y Macle ln l'"
g nd p'""lnro pla«. U.S,A.

NAD·260·29S 95~&C~ * AD·200·060

Pioneer 4-1/2" Full Range
ThiI VIf"Ipopu lar wool.. 16 pttIecllor
makl"QbooO., ,,," __... or lor car
51_"".., Ual_. ~.: 7l).IS
KH! . 16-10 H! . 20 ....an. Rl.IS. 35
Wlll i max. SPL. 1I0dlllWJ 1M. 10 01.
magn,,, Bo~m Irrpedanc:e. pkl/l&lt
' Al 1EC80-02F. NII1 _igh1: 2b6.
NRD-29().{ltO $9~adl

18" Eminence Woofer

3.5 Amp DC Power Supply
A q...ny.~

12VOC~
suPOt!'. Pertecl
fo, 186llng ca., " ",eoe.
ca equipme nt.
, Ill .. delllClOlll an<!
oct"" 12VOC l......,
Regu~ 13JlVOC. 3.S
arT"P _nuous. 6~
6Ut~. LEDoo-t IndcalOl. Binding 0011
0<J!Il<IlI. Nel~ : U,• .

* AD-12G-SOO

AudioNideo Cable
Checker
~ lltSl.. er..cl<s~lot _ condul;lot &lid .,.,..

oontlluil1. T"l:t dB.~·P.
RCA. , .Sm'n...... N....... . &lid
1/.' phone cab•• Of>etal..
ontwoAll ball.... Buln4n
~0fY l"'t rutlCllon.

NAD·39G-2S0

•

340 E. Fltst S t , Dayton, Ohio 45402
Loc:aI: 1·5 13-222-0173
FAX: 513-222·464 4

90
OACl£ S6 ON FREE IHFOllMATION CAIlO



".es

,
• V_OC ou1put

-5 - to - 15 VOC OOSamp, opple ­,.,
• F<eqUeIICJ--"
~~ 0 1 Hl lO l00 KHl .. S-0UIp,A~ 010.:. lOV t20 V,,"pl
0UIp,A ,mpecance «Q te.cepI TTl)
outfIUl~I: 10mA ..... .. sho<t cor=l
p<0ll!C1e<l
""tPlll ...-.,.torma: S<nO. square. 1I,0ngO.
He
1I... ...a.e :d 'SIO'1'on :l' (10 Hl to 100
KHZ)
TTL pulse "SCI 1ft<l1.11 lime 25ns
d,,~ 20 TTL_

$qUII" ... ...., , ... ...., 1111 l,me .:. 1 .5 S
• logICInd\Collon

8 Lt D'l, lel,.. tl...tl, 1.1~1 (nom1fll1ll
Itl' tWlOld . ' ''pYla pro lo<:U><110 :: 20 voila

o Debounced put llbutl on a (pul ..,..)
2 p" ah-bullo n 000 ," 100 , open-<:o llecto ,
ou lpu l flUlJ(p,s, ea Ch w,lh 1 nor moll1­
open, 1 "",,,,,,II1 -e101ed ou tput E..cn
""' flU, can Sink Ul' 10 250 rnA

o Pol enl lomellHS
1 _ lK • 1 10K ••~ IN<ls ..... .lable
."" UncQlOlm,ll""

o eNe _ on
2 BNCconneclor' l" n ••lI labie and
uncomm,nod _ conne<:le<110 g r<>.>n<l

° Spa_ ...
025 W. 8 11

o ....-.lint ....
2!>2Q""""""","", ,. --.10.-11 s"Ionll ' 16'" _ " 65-l'oo!<h.-3 _"C _ """" jU1 V.6OHz
rypqrl--,-

• T.... 10111<lno9" ......".,sl.bon - iIIcIudi ng
, . pa..aod 'nsl ....rnen laliOt1. bn:adbOard
.~ r::..... ilupply

• IOOa lOr analC/O , d i~,la l and mic ro _
proc esse, c,rc y ,l,

• 8 IC/O,c pro bOc;,cu,ta
• Function gOnl'fOl0r w,lll co nllnuov,11

v''''b~ " ".lQuare. I,," ng lo wOre
ter m.. plus TTL flUlMs

• Tnll ie _ SUppl1 ""en 1..00 5 VDe
su pp y 1)1'" 2 .....bIe""lll'Jts - · 5 - 15
VOC and - 5 - IS VDe

• 8mcom~,bIe lEO_",n"a""1Chn.....-
• PolOfll1ome1ers
• "'udoo o.pe"monl. I,on ' peak....
• "'..~,;)Ie Ie.I l one~"'le leSl

;.,s 1""""'1t.hoft """"" 01 dola-s_ 10' '''''.....,.... 10
•~ IJIeI,meg.,oar ""'",,_-
_d .cdo.~

• fl.... DC 0Ulpul
·SVOCIii' 1 0_.,,~- 5mV

•~DCouIpuI
' 5 - 10 " 5 VOC @ 0 5 _ n~ _,.,

""J.t .19".." .." .." ..

• • • I I I • • I I
OPU. 1_24 es,ss .~......
U , 129." 123.49

'" .9." ,,~... S9." ....
'" lI.ft '"U,
'" ,.... 10'U'
U, 5U' ....
U S 'I .... ,...
aav ,... 10.44

SINCE 1983 - YOUR I.C. SOURCE - AND MUCH MORE!!
NO SHIPPING CHARGES ON PRE-PAID ORDERS!'

NO CREDIT CARD SURCHARGE!
SCHOOL P.O: s WELCOME!

Th, pe n m,cha nis m In­

clueSed..,\n I"" rol>OI11_ "
10 e ll... In .00,'''''' lc>dra wing
" ,a.glll hll<'S, " ca n also acc,, ·
,alaly Cr. w c,rclet. and even
dr .w out wor ds and shon
phrases, WAD II COm.,. wi th
126 . 4 b,ll RAMond 2KROM.
arid i. p"'II r.mm«l direct ly v,a
lt10J ~..,.~ allac!>ed to rt. Wtlh
'IS bu Ol·;nconnec1", port. WAD
II ISready 10 COMm"'"ClIle W'lh
you' compute' W il h tne
OPM"' . l '''It,,l_ krt. you can
conne<;! Wi'O II 10 .n A;:pIe II.
ne . OIII· <:ompulef .Ed ,long and
lfanslonng 01 "'y~l
program. .. _ as sav;ng and

I0Io"'''0 • 0'00" '" can b"
pe<1om.-:l by h inleNoe k ol­
T"" . i l ... el,,(I" ~tt"'f' .
l;;IQIt. ...tCI. _ ~
T.... prog.......-g~ ..
....,C

••....
CURR.
u _
u _
u_

~­..­..­..­,,-
"""""~",.....
s••,..
10 m W,..,..
10 mW

."YE_
UNG'"......­.­.­.­.­,­.-.

CORN
ELECTRONICS
10010Canoga fwe . UM 8-8

C"at''''or!l\ . CA 9131'

.,""
TOSHIBA
TOStlIBA
TOSHIBA
TO$HIBA
TOSHIEIA

" <0...~.
PHILLIPS

( )

STIXII:•

u_
u,,",
u rn,
LSnl1
LSt2IS

"""..,."
SBI0S3

IDC BENCH ASSEMBLY PRESS II COWMATINGPEN II USEADtODEMODULE -
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ORDER LINE (800) 824-3432 • INTERNATIONAL ORDERS - (818) 341-8833 '=
FAX OR DERS - (818) 998·7975 • TECHNICAL SUPPORT - (818) 341· 8833 -

o I S.oo MINIMUM OR DER . UPS 8lUE, REO I; FEDER Al. UPRESS SHIPPING AVAIl.1<8LE • OPEN MON_FRI 9:oo AM - ' __00 PM. SAT 10:00 AM _ J :oo Pill POT
o CA RES IDENTS ADD 8 '1.... SALES l AJ[ • CAl.l FOR DW.NTITY DISCOUNTS ' CAl.L FOA FIlEE CATALOG (FOlllS1 CU.SS DEl IVEIIY 011

CATALOGS DELIVERED OUTSIDE THE U,S. _ SEND $2.001 • WE CARIlY A CO MPLETE liNE OF ELECTRONIC CO MPONEN TS
· NO SHIPPING CHAIlGES ON PilE · PAID ORDERS DEl IVElIlO IN THE CO NTINENTAL U.S.
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Free help. If you're having a
problem doing yo ur taxes. you
don't have to do them alone .

There are IRS-trained vo lunteers
to help you . So the only number

you need to know is on the
couponabove. Cut it out andcut

down on vour tax worries .
Call us and we'll direct you to the
volunteer site nearest you.The
IRS-trained volunteers . They'll

make your taxes less taxing .

MAKE YOUR TAXES lESSTAXING.

con tinu ed f rom page 83

Volunteer.
•V AmerlconHeortAssockJtion

THIS YEAR,
THE IRS WOULD

LIKE TO GIVE
YOU SOMETHING
FOR ACHANGE.

BE A GOOD

NflGHBOR

TEMPERATURE

retlect tvny of one : a perfect ab­
sorbe r. zero . Th e s u m of reflec­
tivity plus emissivity always
equals one.

Most com mercia l rad ia tion
th ermometers Include a con trol
that a llows the user to dia l in a
value of em iss ivity. plus a table
of typica l values. Organ ic a nd
nonmetallic s u rfaces ge nerally
have enusstvtttcs between 0 .85
and 0 .95 (wh ite pain t is a round
0 .91. Metal surfaces ea n be as
low as 0_1when h ighly poli shed .
S ta inless s teel Is 0 .3 when pol ­
ished . 0 .5 rough machined. and
up to 0 .8 or 0.9 when highly
oxidized. R·E

Zop

OIl fl , pa l _LOUDSPEAK ·
ERS FOR MU5ICI,u, S _
Sl.25.~"''' """
_""_I~d

_ ' All \lOU _10 _ ._ ...... _t>e_IOa.------.g~

OIl O . P1D2_ ... CO IIC ISE
U5(1I-S GUIDE TO LOtuS
!-l-3 lIIElUoSE 1 1 _ ".25..,.,..._aPC _-e
.........._ 1·2-3 ..
_1 1." I>0OI< can_
...... '- .."" ................,...._-....."",.-

OIl 0 ,,-eOIL OE51GII •
CONSTRlIC'T1ClH _
_ H.tS. _ ., RF.lF.
___ ;CI'O"ft

_ ,_". PrIC!lClIy

.....'T poIlob.. Iype •• a.s·-

SO"

FUN WITH
ELECTRONICS

][
c _

-

ll IlP~A CONCISE lit · ~

l ROOUCTtONTOTIlE "' -"Co
INl OS H SYSTE M "' ND
fINDER .• • 16.25. 11... .,~".

c\ut:I>oI'l lor ,host>.- 10 ~..l,tac,llIoI l><:<l< _

• cr.oo<" __ tor . 'I*!._ .....-oe<s _ _ noI_.... ......- ..­-

[J PCPI13-THE PC MUSIC ~

HANDBOOK .. •. 513 .15 .
turn !he ba$ICS d~
--= 1y>le(nS ro<N I"""
_ -.go!IId--'o<io'"' __

MAIL TO: Eleclronic Technology Today. Inc.
PO. Box 240
Massapequa Park. NY11162-0240

SHIPPING CHARGES INUSA MID CAItl.DA

SCOlto $5.00 . . $1 SCI $JD0110 $.4000 $5 SCI
S5 01 10 $10.00. $2 SCI Wl Olto$50 00. 56 SO
$10 .01 10 $2000 . $350 $50.01 <1M above $8.00
ee.m to SJO.OO. $.4 .50
SORRY. No ord~rti acc ~pled E1ulSide ot USA and
Cln<1da

To1al puceot merchandise . . S~~~~~ShlPPln\llsee ch.1rl l S
Sublotat S
SaluTax( NYS only) S
Tolal Enclosed S

• I E1 P~ 77_H I GH POWER ~

AUDIO ......PLIFlER CON·
STRUCTION._ 56.25._ .
~ arwlI""I<lICaI".
.................."'IIl'_
IUd'" ...,p.hets __ 01

JOO' 4lXI _ ''''- I '\\>II"
_I,I()SfET_~O<II·

puI'-";"-­......-.-

r - - - -- ---------~I

CIRCLE 182 ON FREE INFC)A MAn ON CARD

Cable TV
Descrambler Kits

~.~

:::'ZO.g ,U.UIol a.rT

0°·~ ??:~€---
• C6240

S6.-

Unive rsa l Tuto rial. S9.95
IncluOn ."" a~tn I1UO, 0I1ni ''''_ 0;' _
...., 1\I1 1"""".........ong _s
Tri-M ode Tuto rial••••..•.•••••.S9.95
Inclull n I g.t. 0 , lilt• ....." 01 1111c...,..t _ I\aI
~_ng"",,"

Call Toll Fre e 1-800-258-1 134

5B-3 KIt S29.00
InekJcl • • all 1''''' .PC BoarcI .r'ICl AC Aa.a ter . NtIl
"",1"," " 1St... enclOSU" .

M & G Electron ics, Inc.
301 Westmi nister St reet
Providence, RI. 02903

Visa, Mast erC ard & COD

Tri-Mode KIt S39.00
Inel"ou .1I p.nl PC 8oa:tl .no AC AOIP ' ,", . NPI
Ineluo. O IS tn• •nel""",,

Universal KIt ••• .••••....••.•...S55.00
Inc""'.. all p"', _ PC 80atcl I'< 01 ....,..., .a
.. t ... . e . o..p, Ol' Ol'~

$it::=! C6362 $10.­

.nJHG1E aDlD IUT.... .._...._..­.....-_._......­..._...-
c,m •

I "•• CI ~
= 1-:"
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Snooper Stopper .... •.••....S39.00
'i: """tel y l>lnl'll lfllm 0""""'0'.. O"'ICtlOl'l I na.:t IIPP lne "tluUel '
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ElectrolumInescent BACKLIGHTS INFRARED Remote A.C. SWITCH

HALL EFFECTSENSORS
lolo::n>ew<lCtl r SSoII
TInr.ooIdll"'''"WICIl c:J:=::==
'NeII "'''''''Y to
p",.i""1 01""'II""'iC: 10t1d.
OpIt '. I.. IIl • • I", moly h " ~ -""I.
",, 'a 100 khz. c.....11z,, 'O. I T X
0. 17" X O.OO·,hkIc 4.5 vee la 24 Ydc
~vol\..ge. 10ma.Ii"k lyPlt
" ...... oY\IlUI. Opofltlng g."'" .
I SI040.. P.C.-'

CATIH ESW·2 7!>e-en
10 101$&,50 • lOOror S60.oo

SURFACE MOUNT STYLE

Spr"ll"" . UGN3075LT 0
(\p<tfl ' ''' "" 4 .5 • 24 Vall
Can lin k 10 W.ll lu~OUIPUI

pull up, C&f1bit ed <lwec'llyWlh
tlI-poIaf OfCIolOS lOgIC Cirtuill.
Espedaty IUI"" !Offf1ecI ron k: """'"
rnnalion In brulll"", C.C. mol,... "",
n g mu1iple nng ""'Il""l ", Y" 'Y I",y
IUn_ """"'" poeckagooo.17S· X
O.09'X 0.06" IhICI<.

CAT IHESW-62 b- SI.00
loolol ~5,00

LARGEOUANnnES AVAUSLE

OIP RELAYS
1.1 """ ,",,, Re lays Wl ll P..

Conf9Jfltti>ll To F~ 1. O~•

~
5 Vdc - S.P.S. T.

0 1CIu" . PRMA· l -'O!>lI .
NOImItlIy _ toed ,..... y.
SOO ollmcoi. U.L hl ed

l)o:l"&t Olec ltd .
CAT. DRLY-51 $1.5O.....:to

12Vdc -S.P.S.T.
Oon:loa.l B.46A-412

575 oIlm ooIL S.... Itd.
1"1...... clerrping diode,

CAT. DRLY-12 $1.25 ","""

24 Vdc - S.P.D.T.
01 Clot". PRVA l C24

2.15OoIlmoolL
10 vA IWlcn..~~.

CATIDRl Y-1C2. $1.00 .....

48Vdc - S.P.D.T.
A_ , DSIE·A·oc:.-av

5.750 oIIm ooIL
2 ""l> QOflla<.U.

C AT. RlY·l" $1.00 """

UV "Invlsable "INK
WhotIlI'Ie..~ drie$ lI'Ie _ tIQ or1I>ooI. ,oll1 p _II "ble onlylftClet.
UV 'tNd< '9111". 0 rill narly \of "..,lOng petWIaI~ ill cae.. or
1heh. _. pent. migh t ao bo Uled 101'M1ling secret 1Ia"'" or "",, ~.

1'"9 tnetehandi.. l" r Inventory 00"1101. Latg. quantll>eO Dable,
CAT, UVP 31or$ I.oo· 100 ''''525.00

Th4 lrlrarod remotaconltOl -U1eIIyou I.." orvotl~.~
Of 01"« 120 Vac dowi:es UlOIg an lR \tarlsn'illot llmilat 10lhoo ".,. OIl )'OUr
TVOf VCR. OrillNlty _'Ilno<l101 .... WII~" 1rr<l<Omauage I>I\It, V. ..
,_Ittl&l'ld ,o<:eiv. .. "';1_11)' 0peI 11o IT'IOII A.C. _ ""h
2P""'1l f'IOI\. flOI,uilo<l pUg• . NCl'OCO"""""""" 101' ...... .... h h<>Ol.... Re­
q u""' . 9 W>II balt a')' (nCl1 lnt;k>6I><l).

2 lc<517.00

RFUEMI UNE FILTER

PHOTORESISTOR

~
COn'n'QII·m:>d. Ill.... Con,",," 1....10­

~',.,ncl ,-. ,SmelI I ll • . low 1ee.I.Agot.
3A8" )( 1.16" X2.810

• ULItnclCSA ,"'ed.
CATI RA·20 1 S6,flO.....:to

ca."""",2OO6
2O .~ RHE MI
II""'",,,J pulpOae

HEATSINKCOMPOUND

I I< """' Iglll. 16K o/l".dlll<.
0.162" "' .. X .OS· h"". ~
0.18" bng 1Nct1.. 11
CATIPRE·, r1
l00101 ~SCO 2 Ear·
l000IOl ~CO,oo

- ....~ Hogn elf"""nloy.0fI'lli.
,,~ ,,~ 2.5<'MI<:o-u ""'9"'~" DCTX"'70 ".00 dtec:!cnaI. rrln lllu '"
,,~

""~
2.1 rtrIl<:o-u

-~
DCTX~» S2.7~ ,,"""'''' conclotn...

6 Ydc 75Oma. 2.~mm <:o-_ neg.o'''''' DCTX~7S ~OO microphone oti""""'l.
9Y dc 10 rna. ban,,'Y .,,~ DCTX.a310 SI.50 L"", cu ' ",nt d ,ei". gwd "" ". l la no;..
,,~

""~ 2.1 """<:o-U pOS~"'" DCTX~» "00 '.1 0. ope'"'"'''' 210 10Ydc. Ideal
,,~

""~
2.5<'MI<:o-_ pooiI..... DCTX~5O $3.50 !<If1""""",""". loQ<I~. nail.

,,~ ' ... 2.1 """<:o-U
-~

DCTX~IO "00 1tCIN1Il1td_ """ Olhot< appIc:ot.

12 YCIC 'OO~ 2.1""" <:0-_
-~

DCTX· 1210 sase 'lOnI. 0.39" 0.. )( 0.31' higI'I.
12Ydc =~. 2.1"""<:0-_ notgal ..... DCTX.l22 $3.00 CAT. 1011<£. 10 .~-
12Ydc

""~ 2.1"""<:0-" neog. l..... DCTX·12S ~ "
200 1'0 SI5O.oo (75o ...cll)

G C E1ecIronica ' \ (1-6109· FOI. Hect.....
llano!... olll...1bfI_" COfTl>OIlltllta a'Id
hea l ll nl<l. l~ l ikon. h".""'"lXlftWUnd.
CAn HSC-I $2.OO~' I all0A>0t

FLASHING LED
WI tlu ll n nash ing Ci'OJ~

5 vol ope.t'alion. T 1·3'4

(Snw'n) ~. :

RED $ I. OO ..ch
CATI LE0-4 10 lot U .5O

GREEN $1,00 &1<11
CATll-EO...G \0 101S~, 5O

YELLOW st. oo....:h
CAT. l-Ell-tV 10!of $Q.5O

LEDHOLDER

Two fHoCIt holdeI. .., 0
CATI Hl-E D I.:i t
101ol 65c

Surfsce mount~
LEDchip. ~

C_ """'" 011. g,_n ",,",n II.
Y"'y liny • whole un~ 10
o.ns-xO.05S· )( O.o~OI~ic'"

11\"11\ (0.04· ) Iotns d_ ...
GoId-pIolltd """""''''9 ""'.oM
101~(:OIldUCI><ty.

CATI SMl-ED-2 10 10l$2,00
100 !of $16 ,00

1000 10, $ 140.00

Standard JUMBO
Qrf1uo.<od T 1-3141" . (S""" I

-=RED CATI LEtlo1
10 101 $1.50 ' 100 101 $ 13.00

GREEN CAT.l-EO-2
10 101$2.00 · \00 1"' $17.00

YELLOW CAn LEtt.3
10 101$2 .00 ' 100 101 $ 17.00

FLASH UNITS

CAMERICA · F' -.:!am Con lloe<:lion' '"
Tu,,," )'OU' _ Ninl" ndo'" COfI,oI pad.
die INa • ,....... con;-ol unll W,,,,Itd. ..
mol" I .. IIloIooUl ltd "" TVo andV~
.._ ........Iy _ ... _p.,-....
lnDf" mooU y. T--o p!ey,," cen ....,, """
,,,mol,,unl "' C<lpl ong"""""_It'''''''
~l.o.y ll lf'Aj l"""""o ly. In 11'_ g"""'" IWQ
· F,_ Con necl lo.-.· un" &1'" ,.
alWecl. A ~known IlltlIoNI diloount
lOy Cf\U\ I _ 1011nDf.1Iwl 1""Ol
0Uf prICe. ()peo-a<M on4 MA ball_
(noI w.el""""l. CATI IA·l S9.~

NEW o;DfT'paC\lleI h ....rrN.. ltom .
......... manura<:lU'''. (Jpot,Itt... on
3 Vclc.. Iol u'... 2 112"X 1 114' . IcI-'
101...." I\'obe. wem4ng 1" 1rIOf ltIl ....
ton gotn W:ll>d...~~ d>.g''''''

CATI FSH- l tJ.75 _
10 \of $.35.00 • lOllIOf$325.00

AI.lull A low a.l otIecI,o~"TIi_aonl

glow Il~ and "-<lot. Thooo brmcl·
.- _ _ • dMig t>ed10bat;:klOgtd

....... l CD TV. ma<le by l~ CI<z.n
Walch~y, The .',,,,,'1et d tt:u1
c!lang.. 3 0' 6 Vde to l!lPIt' .ima,.1y

100 ViIt;, the vortag. l"'lUlred10ligll l"" gO"'" r1c>. L"mi"..oonIIU~&OO AI.... II
1.7" )( 2.25". The 111 1>iI • ....rrroncob' In" "" lilia, and glowl ""'~._n

'""*Vlzod.The circull_ ;o2.7 X 1", GI<:oo< ll~ and dr CUll')' can boo
............cl e.asilylrom plaalic I>o<Isng.~ 10<~ 'll"'o>g ,,"eelS.

Clil"'" OlTA Opel.... "" 3 Vde CAT, BLU~l

CI .,,,,, ' 92TAOpIIfIl Ol on 3-6 Vde C.-.T, BLu·n

LARGE QUANT1TY AVAILABLE
10 101$32.00 • \00 101$275.00

RECHARGEABLE BATTERIES (nlckel-cadmJum) Highest Quality METAL CASSETTES

93

INFORMATION (818) 904·0524

• • •

•

P,""';um quall y 1'I'IItlal 1_ 1n~ 1\11ecaullll.. (XI 0I1nDf. ~ lid.).
Onot ol ~1"-'"bfalld""""",' '- "" lI>ot rnouf<eI. irl d..._._~'oC #0­
li"""POfl""""""',.,.... ~ltnclour....-.. lhot'IOC<Inl-ptOlec'lI'O ...125
"'"". _ ,.""""Itd ItIld ,hef"OfIt......., 10bit lltpotd _ to ,,,.,ec:otd. • • eh
AudIOp/l'''' ...1_ecial. I.... """. dyflamic '''''0'' d lhill ,_. n YOU'
callIItll" dod< has • 0mo>tor 1ItlI"'O )"O'J ";1 ....... I.... diN.,,,,,,," , A ,ota! beigai"1
50 min ,1_· CATI C.aoo lol

\0 lot $10 .00

CASSETIE STORAGE CASE
9lad<.u.........- pLulk: """0 cao Mll " 010l 1tgot ceoe.
CATI COOX 5 101$1.(:10 0 loolor Sl5.oo

~~

'?'. €"-b) e;;© =l'0 ~,...-- - ..
M' 1.20 160"""" NCB·AU Sl.5O $13.50.. UO 5OO ......h NCO....A "00 SI6.50
.loA wi 501_ T. be 1.20 5OO ......h HCB-S.I.A ,,~ $20 .00
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LAKE SYLVAN SALES, INC.
SO" Rf NO ""NMESO"'. SALES
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s c o t:ln:l ronic:s 1..\

l 'niro rn 9 1

Sla r Cirruil\ 69

S ALES OFFIC ES
EAST/ SOUTHEAST
S tanl"l L" vitan , Ea,te rn Sal es M. nage.
Red io·E eC'lronies
I o....,loo k Ave.
c.... t Nec k. NY11021
1·516-481·9351. 1·5 16-293-3000
Fa. 1·516-48 7·&402

C.msHck P ublic.tion s . Inc .
5OO.B Bl-County B lvd .
Fa nnin g da l" . NY 111 3 5
1·(516) 293·3000
Presid~nt: La rry Ste ckl"r
For Adv" rtl sl ng ONLY
5 16-293 ·3000
F.. 1·51 6-293·3115
Larry Stockle.

publ isl>~r

Christina Es tra d a
anista "1to Ihe Pre sid~nt

A,lin e Fis hman
advertis ing di,~o;1or

Denis e Hav e n
advertis ing a..istant

Kelly McQua de
credit man ag..r

Subscriber C u s to m". S ervlc "
1·800 ·288·06 52
Ord" r Entry lor N" w S ub s c ribe ' s
1·800·999·7139
7,00 AM • 6 ,00 PM M·F MST

MIDWE STlTe aa slA,kan.../Okla .
Ra lph Be rg "n, MOd_ , t Sal ~, Manage.
Rad,o-EI_nies
One North field Plaza . Suil e 300
Northfiald . IL 600'9J- 1214
1·108-446-1444
Fa> 1·708 ·559 .(JS62

P ACIFIC COAST/ Mountain S tat..
M.. rvin C reen. Pacific Sa les Ma..-g",
Radio-Electronies
5>4JOV.., NII)'SBlvd.Suite 316
Sharman 0 ..... CA 91401
1·8111·986-2001
f a> 1-818 .986- 2009

RIO Shopper
Joa Sh..... Nation.lIl~wntathoa
PO. eo.169
IcIyllwild. CA 925>49
1·114·659- 9143
Fa> 1.714-&59-24&9
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Free ' nlorma tion Number
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ISC ET .

( ; rantham Colll1:~ .

:'\1IlElcetro nlC1i . ..•.. .. . •. • •• ').1

Me;\! EIl'Clnmics 1'15

MJS (lesill" . . tl'J

\ Ia rk V. Elre lron ies K')

M&G t:1,'t lrunlcs

IIc"lcU I'arkard CV4

Command l"rudu(1 ion~ .. . . . . • •67

La ke S) h an S:I I~. lnc:• . . . . . . . ').1

11&1\. Prwi!>ion . •• . •• • • • • • • •.. lI2

Kch·in . . . • . . • • • . . . . . . . . . • . . . 17

,\ MC SOlIn . .. . . . . . . . . . . . . . 67

Jamcco .

C IE l1

Cah l~ \\'a rTh,ou 51

A~ Produr h fJ<J

lI iRhTu t l"uhl icat i" ns. Inc:• . . . . 73

EJmronic:s80<,1. Club 76

All EkT:1 roni~ . •. •• ..... ..• • • 'I.'

Am.az.inl!: Con~pl' ~K

,\m~ric:a n Rc-lianc:t' Inc:• . . . • • • . fJ<J

t:lKlroni~ t:nl:inl'l'n H.C• . . . . 25

tlul.e \ Ianurarlurinl: CV2

(;oldsl ar I''rn:h iun 75

RIL\i_I:\H)IJ:'Ii t: 75

C&SSaln 23

Electronk Goldmin~ .... . . • • • • 1,l1

1)Kg Indu\l rin 69

:'Ii R( Schoo l, I II

1'';'''11> E"plT'.\ .... . .... • • • • • • . 911

R.1.. Drake Co 3

Radio Shar k 30
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.\ louwr 71

:'li, t: Elednmlrs 13
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RADI().ELECTRONICS doe s not assume any respon sibilily for errors that may appear
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CAll
CAl l

E·Z550
E-ZY550

. DESCRAMBLERS •
(OI Y) (10) (20) (40)
NEW 181·3 70 55 CALL
1 8 2 or 3 45 40 CALL
SA·38 45 40 CALL
OAK N·12 43 38 CALL
56 2 OR 3 43 38 CALL

COMBINA TION UNITS
DRX·DIC 89 CALL
SYL DIG 59 CAl l
PIONEER 295 275 CAll
. CONVERTERS WIREMOTES .

PANASONIC·
TZPC145 65 60 CAll

STARQUEST·
65 60
75 65

All major brands carried
•J ERROLD, *TOCOM. · ZENITII
- GENERAL. INSTRUI\IENTS
· SCIEl\T IFIC ATLAl'I.'TA. · OAK
*HAM LIN. *EAGLE. * r Im 'mER
7th Year in business. Thank Yo u
Member o f Omaha Ch amber o f Commerce
I Year warrant y on new eq uipment
30 Day money back gu ar:mtee
Orders shipped from stock v.;lhin 24 ho urs
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" CABLE BOXES"
BELOW WHOLESALE
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Countersurwelillance
Never before has so much
professional information on the art
of detecting and elim inating
electronic snooping devices-and
how to defend aga inst experienced
information thieves-been placed
in one VHS video. If you are a
Fortune 500 CEO, an executive in
any hi-teen industry, or a novice
seeking entry into an honorable,
rewarding fie ld of work in
countersurveillance. you must
view this video presentation again
and again.

W;d t lip,' You may be th e victim of
stole n word s-c-prccious ide as that would
have made you ver y wealthy! 'lb , prof es­
sionals, eve n rank amateurs , may be lis­
tening ( 0 )'uu r mo st p rivate co n ­
vcr sarion s.

U':, I ,. up: If ) 'OU are nor rbc vicn m.
then you are surrou nded by coun rjess vic­
rim s who need your help if you kn ow how
ro di scove r telephon e taps . locate bup, or
"s.....eep" a room clean.

111l"O.· is a thr i\'ing profcssion;11 St'n'il'e
Srl-C p(:J in high- tec h techniques that p ill
can become a l 'l;Irt or. But first , ~·ou m usr
know J.nJ undcrs eand Counrersurveilanre
Tl"Chnolng)·. Yuur very first insighr int o
rhis hig hl y rc.....»rding field is made possi­
blc by a video VHS present at jun rhar p ill
cannot \·iew un broadcast television , sat­
ellile . ur cable. I r presents un informative
pr og ram prep ilred by professiul};l ls in rhc
field who kn ow rheir incJusrry, irs n-ch­
niques, ki nks an d loophules , Men who
ca n te ll vou mo re in 45 mi nutes in il
straigh,f~rwdrcl. exd usive ral k t han W.IS

cwr an cmpln l hc fnrc:.

Fo iling ) nfo rm at iclIl 11l ie\'Cs
D isco ver rh e ta rget s profes s iona l

sno0 l'l:rs S(:<:I.: OUI! 11ll' 1' l1.' )' J.rc sUlC. k
bo ,h'(S, arbilra ge firm s, manufacrurN s.
high. rnh com pan ies . anr CClmpeti t i\'l'
ind ustry, o r C"\'en small businnes~ in Ih e
same cum m unit )'. The \';lluable informa­
t ion Ihc'y filch may he mark eting stra r·
(·g il'S. cusromc r lisrs, pmJ uu form u lJ.S.
m J.nuf;l({uring u:chniqul'S. C"\'t'n aJ\'(,r­
rising plans . Informat ion th ic\'(.'S 1;a\'l'S­
Jrup on COUr! J eci s io ns , b iJ d ing
infur ma rillfl, li nilnc ial J ara. 111C' list is
un lim ire J i n rhe minJ of mJ.n - e s ­
I'c"(iJ.lly if hc is J. thier.

Yuu kn ow th.lr t he Ru ssians St.'cre tly
insraltcd rOl.n l tess microphullcs in 11ll'
wml1.' tc wor k of thc Am criwn Embassy
huilclillg in Mm row. Tl ll'Y (lmvertec!

CALL
TOLL
FREE

HAVE YOUR
VISA or MC CARD

AVAILABLE

what was 10 be an embassy and prieare
residence into the mosr sophisricared re­
co rJ in}o': srudio rhe worlJ had ever
kn own . The b uildin,: had ru be rom
down in o rde r to rern()\'c' all rhe bu~s .

Sw le n ln form ar ion
111c open raps fmm where the infilrma­

non pou rs our may be from FAX's, corn­
puter ccmm unicarions, telephone calls,
;IOJ everyduy business m ee t ings a nd
lunchtimc encounters. Businessmen need
CClllnselt ing on how ttl el imi nate thi s in­
formanondrain . Basic Ielt·ph one IISC' ( ClU ­

1"[(..1 wit h rhc users und ..rsta nJing th at
someone may be lislen ing Of recordi ng
vital chua and info rm.mon !:rearly n·Jures
the opport un ity for mhcrs to purloin
m Cilnin,:ful informiu ioo .

---------------------------,
RAI >KHjJ-:<.T RO:" IC\ "11)[0 Of HR R E
' ..,.II IC,.( .....nt y ICIv.l
f ........Il,(dok. :-"Y IPn

i'lor-< """ ... ~ '0J'f"It..~Ion<. Tn hnoqIo<>
Vodro' ·IIS( .£»<tu f.>< $111 ,'11 ....... H (.,"'" ro-...,. mol
"-ll.n,c

'W ul ( ............ ....J...nl'"~====-"""""",~ Mn>rnl S_

1\.(1 ... , 0 Vl'iA 0 l>I.....,..,c:~d
1:.o, J S " -,- _
h ."",t>.". , _

AII'" I- '' K'' '' ' '" tI. S A, 1",,,1. _l :.on.. l.. n...1,1' UHI PC'
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..w .1'1'1" .101., ,,0.1<> ,. "

~ - - - - - - - - - - - - - - - - - - - - - - - - - - _ I

111e pmft'ssion al d iscussions seen on
rhe 1V screen in your ho me reveals how
to derecr and d isab le wiretaps, midg et
radio-frequency tra nsmirrers, and other
bugs , plus when to use J isinformat ion to

confuse the unwa nted list ener. and lh c'
technique of micl:' scrambling tel ephone
com rnunicarions. In fan . do you kn ow
how to look for a hu!: . where to look for a
bug , a nd what tel do when you find it ?

Bugs of a very sm all size are easy (0

bu ild a nd they can be placed q uickly in a
matter of seconds. in a n)' obj ect or room.
'Icday yOll ma y have IlSl,J a telephone
handset that W,IS buggecl. It prob ab ly
rcneaincd t h ree bugs . O ne was a phony
bug to foo t you into bel ievinl-: p m fou nJ a
bug and secured th e telephone. The Sl"C '
ond bu g placan-s rhc invcsrigaror whe n
he find s the real th ing ! And rhe third bug
is found only by the pro(cs.s ion;1l . who
continued to search JUSI in case there were
more bu!: s,

The profess ion al is not withou t h is
rools. Spc,; ial eq u ipme nt has been de­
si,r.: ned so rhar th e profession ;!.) can SWt'Cp

a room so rhal he can detect voice-acn­
cared (VOX) and remore-acrivated bugs.
Some of rhis equipment can be ope rated
b)' novices, o thers req u ire: a tra ined coen­
rersurveill ance professional .

The professiona ls viewed on your tel l."
vision scree n reveal information on the
lares r tec hnological advances like laser­
beam snoopers rhat arc inst alled h un­
dreds of feer a....'3~' fmm th e room they
snoop on. The professional s disc lose rhnr
com puters yield infor manon roo (',Isily,

This ad vemsemcnr was nor wrirren by
a counrcrsu rvcillaocc pmft'Ssional, bUI b)'
a bl'~ innet whose o nly expe rience carne
fro m view ing Ih c Vi Jl"C1 la pC in the pri.
\'acy of bis homc' , Afrt'r )'uu review rh l'
vicleo carefu lly and unders tanJ irs con­
ICOlS. )'OU ha\'(' laken ti ll' first imporum
Slep in eirhl·r anJu irin,: l,mft'Ssional hl'lp
..... irh you r surwillancC' problems , o r )"CIU
may \'C'I)' ....<.'11 co nsidl'r a C;lrc:cr as a coun­
tersur.'t'illJ.oce professional .

TI1C Do llars \ l lu San~

To ohtain rhe inform Jri on conu inoo in
the \'idc:o"HS cassC'l rl:' . you would al tcnd
a professionJ.1 semi nar costi ng $350·nO
anJ possibl y f"lYhunJn>tJs of doll ars more
if }'OU had tel IrJ \-e1 to a J istam ci ty to

ancnd . Now, fo r o n ly $~ 9 . 9 5 (plu s
$-1.00 P&l-!) }~)U can \'ICW CQlOller mr­
l'eilllUlC/! ·li·dm i" lies ,Ir hume anJ rake
rt,fresher view s ofre n , ' liI uh rai n your
ropy, comptctc thc coupo n bdow or GIll
ro ll free .



Within budget.
Without compromise.

u-· -"",. "
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In a de power supply;
XO\\', pUI a dependable, 3O-walt de
power supply on your bench for
jll.o;t $300". Youll gt't the low noise
your work demands (200 J..t\' nus).
Constan t-vo l tageor constant­
cu rrent operation, And built-in
n-llahillty ensured hy ronscrvauw
des iWI margins and rigorous
environmer aal tesnng.

Outstanding value ill a de power
supply. na jusr one ill a fullline of
lm.<;jc ins truments developed by liP
to gin' )'OU uncompronusing 1)('1"­

formance at an afTonlable price,

~To order, eall li P nI RECf,
6iiiI 1-800-452_18-1-1,' £XL1W13.

Wl'lI ship your order the (L.)' it's
rrcr-rcrd.Instruments C'Ollw with a
sixty-day, money-back ~U;U\I{'(·.

All you need is it -=- ;;::.:,;:'
{'01ll1); U1Y purchase _ ;':.£J
order or credit car d.

HP3Gwat1 . 1E361OA E3611A "',,.powerJUpplleS

1
1
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2OO ~YrmsI2 .,y"110!tr-IOtItQI
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t ln e an..<I.:arnllI-S"~lli7~ N>i. lIo"('t. u !.

There is a belter way.

HEW LETT
PACKARD


