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We’ll show you how to build
a lab’s worth of test gear!

$2.95 U.S.
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We Only Skimped On'The Price.

Introducing The Fluke Series 10—From $69

- ’ Large, easy-to-read display:

Fluke quality: Made in the USA by Fluke, i

with the same rugged reliability that'’s made 4000 count digital readout.

us'the world leader in digital multimeters.

Count on hard-working high performance—

and a two-year warranty to back it up.
Actual size: Easy to carry, New! Min/Max record with relative
easy to use. ~_ \ time stamp and Continuity Capture™:
Makes intermittent problems easier to
find. Records highs and lows—and
“time stamps™ when they occurred. In
continuity mode, opens or shorts as brief
3 \ as 250 ps are captured and displayed.

New!V Chek™: For fast accurate
checks on power sources and
supplies, set your meter on V Chek—
and let it do the rest. V Chek will
determine continuity/ohms; if voltage ] . . '

is present, it will automaticall

change modes to measure AC or DC
volts, whichever is detected. For most
Q MAX 1 MIN il riy LoZ p '

initial troubleshooting checks, here's
the only setting you need to make.

Capacitance: Autoranging from
.001J4F to 9999 F. No need to carry
| a dedicated capacitance meter.

For high performance at Fluke’s lowest price, get
your hands on the new Series 10. Stop by your
A local Fluke distributor and feel what a powerful

- f difference the right multimeter makes—at the
right price. For afree product brochure or the name
of your nearest distributor, call 1-800-87-FLUKE.

Autoranging with manual option:
Your choice, depending on your situation.

Sleep Mode: Shuts itself ON

if you forget, extending long

battery life even further. Fluke 10 Fluke 11 Fluke 12
$69.95* $79.95" $89.95°
4000 count digital |V Chek™ V Chek™
dispiay Capacitance, Min/Max recording
15% basic dcvolts| 001 to 9939 pFI with refative
i i accuracy 4000 count digital time stamp
New! Slide switch and a [ |2.9%basicacvalts| dispiay Continuity
few pushbuttons control accuracy 0.9% basic dc Capture™
all functions: Designed for 15% basic ohms | volts accuracy | Capacitance,
true one-hand operation ! accuracy 1.9% basic ac volts | 007 to 9999 pF
p 3 Fast continuity accurac 4000 count digital
| beeper 0.9% basic oshms display
Diode Test accuracy 0.9% basic dc
Sleep Mode Fast continuity volts accuracy
Fast, accurate tests Two-year warranty Diggng%rst 1.3:/%5(3335 ac volts
and measurements: Sleep Mode 0.9% nasic ohms
AC and DC voltage Two-year warranty | accuracy
measurements to Fagé & Qrtmulty
600 volts, ohms to Diois st
40 MQ; audible Sleep Mode
continuity test; Two-yu:ar warranty

*Suggested U.S. list price. Optional holster with
hit-staad available.
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gafety—-a Fluke Sta&dﬂg
esigned to meet U , 1o Banging .
IEC 1010, CSA and VDE safety ~ Audible Continuity:

The New Series 10.
A Small Price For A Fluke.

g ) : To perform fast continuity FLUKE AND PHILIDPS
requirements; extensive checks, just listen for THE T&M ALLIANCE
overload protection built in. the beep: no need to watch

) Fi' ©1991 John Fluke Mfg. Co., Inc. Prices and specifications
the display. subject to change. Ad no 00130.

New! TL75 Hard Point™ Test Leads:
Comfort grip with extra strong tips

for extended service life. FI I ' K E
®
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If you're looking for a robot to
serve you drinks, balance your
checkbook, and cook your meals,
dream on! If you're looking to learn
about robotics by building a simple,
inexpensive, and fun project, check
out our Robot Bug. The free-roaming
robot can sense and avoid obstacles
to find a path through its environ-
ment. It has two switches—similar
to an insect’s antennas—that re-
spond to a touch by causing the
robot to stop, back up, and turn away
from that side. Turn to page 33 for
the details.
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GOES ON SALE
JUNE 2.

BUILD A STEREO TRANSMITTER
Use your portable CD player in your car with this easy-to-build device.

PC-BASED FREQUENCY COUNTER AND CAPACITANCE
METER

Our series continues with instructions for these low-cost, high-quality PC-
based test instruments.

BUILD THE CRANKING AMP ESTIMATOR
This high-tech device will let you know the condition of your car’s battery.

WORKING WITH OPTOCOUPLERS
Put optocouplers to use in your designs—including transistor- and SCR/
Triac-outputdevices.

As a service to readers, RADIO-ELECTRONICS publishes available plans or information refating to newsworthy products,
technigues and scientific and technological developments. Because of possible variances in the quality and condition of
materials and workmanship used by readers, RADIO-ELECTRONICS disclaims any responsibility for the safe and proper
functioning of reader-built projects based upon or from plans or information published in this magazine.

Since some of the equipment and circuitry described in RADIO-ELECTRONICS may relate to or be covered by U.S. patents,
RADIO-ELECTRONICS disclaims any liability for the infringement of such patents by the making, using, or selling of any such
equipment or circuitry, and suggests that anyone interested in such projects consult a patent attorney.
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Kelvin Meters backed by a
2 Yr Warranty - Parts & Labor

KELVINDIGITA
MULTIMETERS

20mH2
Freq Counter

'FLUKE 70 Series li

DISCOUNTED PRICES!

100 Basic 150 Basic+ BESTBUY ........... NEW Series I
Dg ngng Dg \\l/ggASE FLUKE 70 seriesn .....° 63
AC VOLTA A A -

DC CURRENT  DC CURRENT FLUKE 73 seriest ......5 89

RESISTANCE
CONTINUITY -
est Buzzer
DIODE TEST
BATTERY TEST
| 3 1/2 Digit LCD
LOW BATTERY

RESISTANCE
CONTINUITY

Test Buzzer
DIODE TEST
TRANSISTOR nFE
BATTERY TEST
31/2 Digit LCD

AC/DC VOLTAGE RANGES
AC/DC CURRENT RANGES
CAPACITANCE 5 FREQUENCY RANGES
CONTINUITY 5 CAPACITANCE RANGES
Tes| Buzzer LOGIC TEST

DIODE TEST CONTINUITY TESTERBUZZER
TRANSISTOR nFE

3127
$149
.. 3169

FLUKE 75 seriesi ..
FLUKE 77 series ..
FLUKE 79 series .

RESISTANCE

ACCURACY k%‘é”u%fc’fm 3z DigtLeD, ?&%EE%E:’;E% TEST FLUKES83 .........cveee :219
%F’EEEVICAEI s DFLIRG ey ACOURACY DISPLAY 3172 DGIT LCD FLUKES8S .....ccoceeces S259
100 Basic fsfé- ‘é’gsic-v LQA:LEBf,CICErmMeq IMPEDANCE - 10 tgga Ohm FLUKE 87 twerms ... 5289
51 9.95 $29.95 200 Advagnsced KEL;’N PRQS 400 FLUKE 86 automorive $367
Protective cCases N 69. FLUKE 88 aurowove . %423

For Models 100, 150, 260 . *LUKE 45 ... .$599

¢ Trainer Manual {100 Pgs)
gives detailed instructions
An excellent training tool
covering topics far High
School (Beginner -~ Advanced
Trade School (Beginner

Intermediate) & College.

1 A PERFECT FIT WITHIN
ANY DIGITAL CURRICULUM

& YOURCLASSROOM

TEXTBOOK

THE. KELVIN
LDT"

aptop
igital
rainer

FEATURES

@ ONE DIGIT TRUE HEXADECIMAL DISPLAY
WITH BUILT IN LOGIC (MEMORY, DECODER,
DRIVERS) FULL ALPHA CHARACTERS

@ TWO INDEPENDENT CLOCKS USER
ADJUSTABLE FREQUENCY & DUTY CYCLES
@ BREADBOARD:500 PT PROTO-TYPE AREA
TWO POWER DISTRIBUTION BUSSES (6NO, VCC)
W 4 DATA BIT SWITCHES

@ MOMENTARY PUSH BUTTON SWITCH (SPDT)
@ 4 LED DISPLAYS w/iC DRIVERS

:ISPTOE“ISER SUPPLY: WALL PLUG-IN TYPE, U.L.

B VOLTAGE REG:+5 VOLTS, SHORT CiR,

L S —
FLUKE 97 SCOPEMETER
NEW! SCOPEMETER ™ seriEs
HAND HELD, 50 MHz, DUAL CHANNEL

L
D
T

OVERLOAD PROTECT sy FLUKEQ93 ......cccocee. $1095
B COMPACT C ARRYING CASE ol FLUKESS ................ $1395
DVANCED USERGNUAL FOR BEGINNER TO FLUKE 97 ruuviomeo 1695

MADE WITH PRIDE IN THE USA

$99 95
FREE COMPREHENSIVE -

TEACHER/STUDENT LAB MANUAL  Stock No. 840460
BREADBOARDS

WALL TRANSFORMERS

: g

L

WAL COPE

TRANSFORMER

...... $345

Dual Trace 2 Yr Warranty-Parts & Labor
Stock No. 740085

e 20

680093

680097

STOCK NO. TYPE - Female

220069 9v DC/500 mA..... $3.95 ea gggg%s
220068 12v DC/500 mA .. $4.25 ea
] 60 MHz, X1 & X10
SPECIAL
MALE JACK 700072 . $18.%
STOCK NO. TYPE 150 MHz, X10

700073 .. $39.%°

BATTERIE

370048 2.1 mm Male
$.49 ea

1458 op-amp % .35 ea

DUAL 741C CP-AMP DIP
2N2222 .. $18¢a
630383 PN2222 ......°.08 ea
600023 7805 vourace rec® .36 ea

SILICON CONTROLLED RECTIFIER
(Simllar to GE C106C1) 4.0 AMP, 100 Piv

600014 °*.89¢en .79 ewsos

600026 Holder .20 ea *.10 ea/100+

4

330290 350 Piece Set....* 7.7°

KEL

630041

680098 b 680100 Du,aﬁ?ﬁy ,IEvergady
Stock No. Post Contacts ... YOUR COST Qv aline Batte
| 680093 O  500..... s 4% $1.05 ea Y

' I 680097 0  840.. ... 569 1 4
Stock No. TYPE ... ;oun COST  ean0gg 2 1.75 eanos
600021 555 TIMER .... . 20 ea 680100 4 1 )] Ba“ery
600029 556 puaL 1mMerR .40 ea : SNAP :
600039 LM566 FLL $.60:s WIRE A ) & '

FUNCYIONGENERAVO;. ‘JUMPEE KéT ) @@é HOLDER i i

. Pre-cut, Pre-Strippe

o’ ?ﬁ!a‘inﬁi’&%‘;énsﬁ? % 330289 140 Piece Set...5 4.5 Snap $.15ea °.10 ea/100+

10 HUB DRIVE
MELVILLE, NY 11747

SPECIAL _SPECIAL

RED LED
As Low As

Sgea /10004 Qty
JUMBO SPECIAL
LED
TYPE - T 13/4, Smm
STOCK NO YOUR COST 1000+ Qty
260020 Red  °.06 ea100+ 3.05ea
260027 Green °.08 ea/100+ °.07ea
260026 Yellow *.08 ea 100+ °.07ea
LED HOLDER
for T 1 3/4 SIZE, BLACK
Stock No. 250019 ]
$.10 ea’ 100+ Qy

$ 06 ea/ 1000+ Qty

0.37"
7 SEGMENT
LED READOUT

STOCK NO. TYPE COosT 20+ Qty
260022 Anode *.95e *.75ca
260090 cathode 31.25es °.99 es

0.6"7 SEGMENT
LED READOUT
stock No. Anode Jumbo
260021 cost *1.15¢a
20,0ty $.99 ca

N
REDLED /<

DISPLAY -
wm’ 20 PIN

Bar Graph
YOUR COST 10+ Qty

STOCK NO. Cotor

260058 Red °1.99¢ $1.79.a
260088 Green $1.99. $1.79 o
260089 Yellow ®1.99ca $1.79 .
MOVING SIGN DISPLAY

for Fabricating Your Own Moving Sign Display
50 mm

TEST ACCESSORIES
IC CLIPS i

SOLDER TYPE
SPRING LOADED
stockNo. COLOR COST 254 Qty

990104 BLACK °®.65ea.%.50 ca

990105 RED $.65¢ea.%.50 ea
ic | '
TEST . =
LEAD M |

SET

X

5 COLOR CODED 18" LEADS WiTH
MINIATURE HOOK-ON

PROD AT BOTH ENDS

Stock No.  YOURCOST 3+ Qty
990108 $8.95 ea $8.25 ea
DOUBLE |

BANANA |1

JACK "

Stock No. YOUR COST 3+ Qty
600056 52.30 ea $2.07 ea
FEMALE

BNC TO

DUAL

BANANA

PLUG

Stock No.  YOUR COST

990103 $2.95 ea

DUAL

BANANA

BINDING

POST TO!

MALE BNC PLUG

Stock No.  YOURCOST 3+ Qt
600058 %5.95 ea $4.95 ea
BNC TEST CABLES 3rfT.
P == dw/aq

=
|
MALE TO MALE

Stock No.  YOUR COST
990101 3.45 ea

3. Qu
2.9

ea
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PROJECT PARTS
Solder ;;g
étuek 8 ';lsooga LONG LIFETIP.

$4.50 ea

Project
Speaker
2", 8 Ohm, .1 Watt
Stock No 350009

59¢

Project /o
BUZZER

3.9 Volt DC, 80 db

Stock No. 680089

$1.59 ea

$1.39 ea/ 10+ Qty
HORN
ALARM

Loud Penetrating
Sound

Stock No. 640001
*75ea 9VDC

$.69 ea/ 10+ Qty
DC MOTOR

tor SOLAR/ROBOTIC

-
Stock No. 852211 _(

N3

$.50 ea ‘15\;5 [t)c&
$.45 ea/ 20+ Qty
XENON STROBE

Stock No.  TUBE
260050

$2.95ea
$2.50 ea
20+ Qty

TRIGGER COIL
for XenonStrobe Tube
Stock No. 320037

$1.25ea /5
S89ca 7
/20+ Qty ¥

INFRARED LED
IR Pair, LED infrared
transmitter
and receiver
Stock No. 260061

$2.79 ea
NEON LAMP
NE2, 2" Lead

Stock No. 260003
$15ea

$.12 ea/ 100+ Qty/;
PHOTOCELL ~

CADMIUM SELENIDE
glock No. 260017

. 9 ea
PHOTO CELL

SULPHIDE
Stock No. 260018

ea
PUSH-BUTTON
SWITCH

PUSH-ON, PUSH-OFF
Stock No. 270021
*.55ea

$.49 ea/ 100+ Qty

suB-MINIATURE MOMENTARY
SWITCH

Stock No. 980002
$.35ea

$.28 ea/ 100+ Qty
MINIATURE
TOGGLE

SWITCH
Stock No. 270034
$.90 ea

$.79 ea/s50+ Qty

KELVIN
ELECTRONICS

CIRCLE RESPONSE CARD or
WRITE for our CATALOG full of
WHOLESALE PRICED ITEMS.

OVER 10,000 ITEMS
IN STOCK

ELECTRONIC COMPONENTS
& TECHNOLOGY ACTIVITIES
VISA & MASTERCARD ACCEPTED
$20 MINIMUM ORDER
MINIMUM FREIGHT $5

-

712

Py

Type - SPST

Established 1945 (800) 645-9212
(516) 756-1750

(516) 756-1763/FAX
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A review of the latest happenings in electronics.

High-brightness green laser

A 52-watt green laser beam gen-
erated by researchers at the GE
Research and Development Center
in Schenectady, NY, more than dou-
bles the previously published bright-
ness record for green light pro-
duced with solid-state lasers. As
used in optical physics, "bright-
ness’ refers to both power—the
watts of photon energy put out by
the beam—and beam quality—a
measure of the beam’s diameter
and how much it diverges or
spreads out.

To produce the high-brightness
green beam, the GE researchers
passed a 16-watt beam from a com-
mercially available solid-state laser
through a telescope and other op-
tical elements, and then fed it into a
specially built neodymium-doped yt-
trium-aluminum-garnet (Nd:YAQG)
face-pumped laser. That process
amplified the beam to 92 watts
while retaining the good beam quali-
ty. The 92-watt beam was then
passed through a focusing lens and
fed into a crystal of lithium triborate
that acted as “frequency doubler”

E SCIENTISTS HAVE GENERATED A
52-WATT GREEN LASER BEAM, more
than doubling the previously published

brightness record for this wavelength of |

light produced with solid-state lasers.

1990

DIP 41% -

MCM 4%

SIP 5%

cC10% PGAN%
KEY:

SO: SMALL QUTLINE PACKAGE
DIP: DUAL IN-LINE PACKAGE
SIP: SINGLE IN-LINE PACKAGE
PGA: PIN-GRID ARRAY

CC: CHIP CARRIER

MCM: MULTICHIP MODULE

SOURCE: MIRC

FIG. 1—The changing world market of IC component packaging is expected to change
markedly between 1990 and 1997. Percentages shown indicate revenues by type of

| package.

and halved the beam’s wavelength
to 532 nanometers. That produced
the 52-watt green beam in combina-
tion with an invisible infrared beam.
The two beams were passed
through a dispersing prism to sepa-
rate them.

The research is part of GE's
efforts to demonstrate new applica-
tions for its face-pumped laser tech-
nology, which is currently used in
high-speed, high-precision metal
cutting and drilling at GE's aircraft-
engine manufacturing plants. The
green beam, alone or in combina-
tion with infrared beams, is well ab-
sorbed by certain polymeric com-
posites and might be suited for
cutting and drilling them. Because
seawater is essentially transparent
to a green beam, the laser might be
used in submarines for underwater
detection and communications.
With additional frequency con-
versions, the green beams can be
shifted to wavelengths in the ultra-
violet and deep ultraviolet regions
that are used in laser surgery and
other medical applications, without
significant power loss. At present,
only excimer lasers can approach
such applications.

THER 99 X
OTHER 9% 06 120, -7\

1997
S0 36%
DIP 3%

B

SIP 12%

A

'%\
OTHER 18%

MCM 8%

P
PGA 13%

New IC packaging

According to a study recently re-
leased by Market Intellicence,
strong growth in the IC component
market—from S50 billion in 1991 to
more than $106 billion in 199 7—will

be largely due to new packaging

technologies. Surface-mount tech-
nology (SMT) surpassed through-
hole technology as the leading elec-
tronic systems manufacturing tech-
nology for new designs in 1951, The
shift from through-hole technology
to other packaging technologies will
be fueled by increased operating
speeds and the need for higrer pin
counts.

As world consumption of dual-in-
line packaged (DIP) IC's falls from
41% in 1990 to less than 3% by
1997, other technologies will fill the
gap (Fig. 1). There is a clear trend
toward specialized packaging by in-
dividual IC and application type,
with the fastest growing packaging
technologies expected to be small-
outline (§0) packaging, muitichip
modules (MCM), and quad flat
packs (QFP). The SO package is
expected to gain the largest indus-

| try segment, rising from 22% in
| 1990 to 36% in 1997.
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YOU GAN ALWAYS SPOT
THE TECHNIGIAN WHO
DOESN'T USE TEKTRONIX.

Signal flares, for instance. On the other hand, portable test gear from Tek gets technicians to the root of i\;:
the problem long before the problem gets to them. Everything from oscilloscopes and spectrum analyzers to handheld DMMs.

As a result, your customers will be back on their feet in what'll seem like no time at all. Theyll be

happy for that. Not to mention a whole lot nicer to work with. For your employees’ sake, get in

touch with a Tektronix representative today. Or keep an eye peeled for signs of distress.  TALK T0 TEK/1-800-426-2200

Tektronix

03W-188149 Copyright© 1991, Tektronix, Inc v/%ESl and Measurement
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l» What’s new in the fast-changing video industry.

DAVID LACHENBRUCH

who are at least 40 years old may
remember the Great X-Ray Scare of
the 1960's. Articles about the pos-
sibility of severe radiation exposure
of TV viewers were widely pub-
lished, and specific data on rats
bred in the vicinity of network broad-
casts allegedly showed mutations.
Supermarkets sprouted “'X-ray de-
tection kits” to tell consumers
whether their TV's were leaking ex-
cessive amounts of radiation.

Congress got in on the act and
passed the nobly-titled “'Radiation
Control for Health and Safety Act of
1968.” Among other things, that law
was intended to limit radiation from
TV sets to below the level of back-
ground radiation—certainly an ad-
mirable goal—and let parents
permit their offspring to view TV
with complete assurance that even
if it would endanger their impres-
sionable brains, it wouldn't hurt
their bones and other vitals.

The U.S. Public Health Service
promulgated rules to save the Amer-
ican people from X-ray zapping by
color TV. Basically, those involved
the use of special high-voltage hold-
down circuits in TV sets to keep
power supplies below the danger
level, the addition of more shielding
in picture tubes, and the develop-

| ® TV and X-rays. Those of you
|

| ment of testing procedures to make

sure that no radiation developed
within the TV sets. Among those
test procedures were factory tests
with all user and servicer controls
set to produce maximum radiation,
AC line voltage at 130 volts, and
simulated failure of any component
that could possibly cause excessive
radiation.

In addition, dealers and dis-
tributors were required to keep the
names and addresses of TV-set pur-
chasers for the “useful life" of the
| set.

Almost immediately after the ra-
diation rules went into effect, the TV
industry went to solid-state circuits,
eliminating the power tube that was

classified as a major source of radia-
tion. Despite the switch to solid
state and the heavily leaded glass in
picture tubes, the regulations
weren't changed. Ten years ago, the
Public Health Service proposed
eliminating many of the unnecess-
ary regulations, but nothing ever
happened.

When we asked, nobody at the
Public Health Service could re-
member the last time a consumer
TV set was found to be radiating
above the strict minimum. Never-
theless, the tentacles of the law
reached out last year and nabbed a
manufacturer—not for permitting
excess radiation, but because of
what the Public Health Service
called improper test procedures. It
impounded 30,000 sets made by
that manufacturer. The manufac-
turer held up another 130,000 sets
until everything was cleared up, los-
ing most of the major Christmas
selling season of 1991. Not one of
the 160,000 sets was found to be
radiating, but ... the law’'s the law,
and inspectors visiting the factory
found that the company wasn't fol-
lowing the right test procedures.

Asked the reason for the over
reaction, a Public Health Service of-
ficial involved admitted candidly that
it was because of the widespread
criticism of the Food and Drug Ad-
ministration for laxness in enforcing
its regulations on testing drugs and
such devices as silicon breast im-
plants. Partly as a result of the
ridiculous crackdown on the TV
manufacturer, the EIA is now seek-
ing a revision of the government’s X-
ray regulations for TV sets to avoid
future problems.

® Interactive TV. Hewlett-Pack-
ard is the latest American data-pro-
cessing name to say it will have a go
at the TV industry. HP has an-
nounced that it will make home in-
teractive terminals for the TV
Answer two-way television system.
TV Answer might roughly be de-

scribed as the video version of Pro-
digy. Unlike many proposed pay-
per-view systems, TV Answer isn't
designed to charge the consumer
more for using his or her TV, kbutitis
intended to provide home shopping,
educational, and polling services,
including participation in game
shows and the like.

The FCC recently allocated spec-
trum space to Interactive Video and
Data Services (IVDS) at the re-
quest of TV Answer. TV Answzr has
a deal with Hughes Network Sys-
tems to install “"very small aparture
terminals”™ (VSAT’s) for transmis-
sion to satellites in a cellular-type
network. TV Answer expects to be-
gin service about a year from now, if
the FCC acts on its promise to
choose the first allocations by lot-
tery by the end of the year. HF says
that its home terminals will cost
about S700 at the start—"lower
than the first VCR or the first CD
player’—but concedes that prices
could “decay rapidly.”

® Better, cheaper LCD's. Can
America solve the liquid-crystal dis-
play logjam? One company, In
Focus Systems of Beaverton. OR,
is betting that it can. In Focus says
that it has developed a passive ma-
trix LCD system that it believes can
solve the problems posed by active
matrix systems—Ilow yields and
high costs. In Focus is pushing a
system called "Active Addressing,”
which it says solves the problems of
passive matrix systems without the
problems of going to active matrix.
The system, in effect, takes the
complexity out of the display and
puts it in the electronic addressing
system. Although In Focus procucts
currently are designed for the com-
mercial and industrial markets—
particularly, computing—the com-
pany's new technology, not y=t in
production, could result in a major
breakthrough for such video de-
vices as flat-panel TV sets and proj
ection TV's. R-E




Now, You Can Eavesdrop On The World. Introducing the new Drake R8 Communications Receiver.
It’s world class, world band radio, maden the U.S.A. From Perth to the Persian Gulf, Moscow to

Mozambique, local or global, you hear events as they happen with amazing clarity. Since 1943, Drake
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has been setting the standards in electronic communications. . . and then raising them. Today, there’s
no better shortwave receiver than the Drake R8. Qut-Of-This-World Performance. The new Drake R8
has more standard features than other shortwave racios. You get wide frequency range (100 KHz to
30,000 KHz), coverage of all world and local bands, and excellent dynamic range. But you also get
important features you won’t find on receivers costing hundreds of dollars more. A multi-voltage
power supply. Pre-amp and attenuator. Five filter bandwidths and synchronous detector. Dual mode
noise blanker and passband offset. Non-volatile 100 channel memory. All designed to give you the best
reception with the least distortion. Down-To-Earth Design. The ergonomic design of the R8 gives you
real ease of operation. You have convenient keypad entry, with large, legible controls. The faceis bold.
Uncluttered. And the liquid crystal display (LCD) is backlighted for easy reading. Try The R8S. ..
At Qur Risk. If you’re not impressed by Drake’s quality, performance and ease of operation, return
the R8 Receiver within 15 days and we’ll refund your money in full, less our original shipping
charge. For more information, or to order, call TOLL-FREE, 1-800-9-DRAKE-1. Telephone orders
may be placed on a major credit card. $979.00 (Shipping and handling $10 in continental U.S.
Ohio residents add 62 % tax.) Call TOLL-FREE, 1-800-9-DRAKE-1 today. You can’t lose.
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If You're Serious
About a Future in
Electronics, Ensure that
Future with the Best
Educational Training
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SEND FOR YOUR CIE HOME

STUDY COURSE CATALOG AND
RECEIVE A FREE 24 PAGE CIE
ELECTRONICS SYMBOL HANDBOOK!
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used electronic symbols. Published by
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If you want to learn about electron-
ics, and earn a good income with that
knowledge then CIE is your best
educational value.

CIE’s reputation as the world
leader in home study electronics is
based solely on the success of our
graduates. And we've earned that
reputation with an unconditional
commitment to provide our students
with the very best electronics
training.

Just ask
any of the

CIE PROVIDES YOU WITH A
LEARNING METHOD SO
GOOD, IT'S PATENTED.

CIE’s Auto-programmed lessons are a
proven learning method for building
valuable electronics career skills. Each
lesson is designed to take you step-by-
step and principle-by-principle. And
while all CIE lessons are designed for
independent study, CIE’s instructors
are personally available to assist you
with just a toll-
free call. The

150,000-plus
graduates of
the Cleveland
Institute of
Electronics
who are
working in
high-paying
positions with
aerospace,
computer,
medical,
automotive
and communi-
cation firms
throughout the
world.

They'll tell you success didn't
come easy...but, it did come....thanks
to CIE. And today, a career in elec-
tronics offers more opportunities and
greater rewards than ever before.

CIE's COMMITTED TO BEING
THE BEST....IN ONE
AREA....ELECTRONICS.

CIE isn't another be-everything-to-
everybody schocl. We teach only one
subject and we believe we're the best
at what we do. Also, CIE is accredited
by the National Home Study Council.
And with more than a 1,000 gradu-
ates each year, we're the largest
home study school specializing
exclusively in electronics. CIE has
been training career-minded students
like yourself for nearly 60 years and
we're the best at our subject .....
ELECTRONICS ... BECAUSE IT'S THE
ONLY SUBJECT 'WE TEACH!

result is practical
training... the
kind of experi-
ence you can put
to work in today's
marketplace.

LEARN BY
DOING...WITH
STATE-OF-
THE-ART
FACILITIES
AND

EQUIPMENT.
In 1969, CIE
pioneered the first Electronics Labora-
tory course and in 1984, the first
Mircoprocessor Laboratory course.
Today, no other home study school
can matck CIE’s state-of-the-art equip-
ment and training. And all your
laboratory equipment, books, and
lessons are included in your tuition.
It's all yours to use while you study at
home and for on -the -job after
graduation.

PERSONALIZED
TRAINING....TO MATCH YOUR
BACKGROUND.

While some of our students have a
working knowledge of electronics
others are just starting out. That's
why we’'ve developed twelve career
courses and an A.A.S. Degree program
to choose from. So, even if your not
sure which electronics career is best
for you, CIE can get you started with

WHY CHOOSE CIE FOR YOUR TRAINING?
= 150,000 successful graduates from every country around the world.

= Only CIE rewards you for fast study. CIE offers an Associate Degree
program based on actual study time used. The faster you complete your

degree the less your overall tuition.

= State-of-the-art laboratory equipment is yours to keep and it comes
assembled, ready for hands-on experiments.

= Approved for educational benefits under the G.l. Bill for veterans and other

eligible persons.

= Upon graduation, CIE offers free preparation to pass the Certified

Electronics Technician Exams.

core lessons applicabie to all areas of
electronics. And every CIE course you
take earns you credit towards comple-
tion of your Associate in Applied
Science Degree. So you can work
toward your degree in stages or as
fast as you wish. In fact, CIE is the
only school that actually rewards you
for fast study, which can save you
thousands of dollars.

SEND TODAY FOR YOUR CIE COURSE
CATALOG AND WE'LL SEND YOU A
FREE 24 PAGE CIE ELECTRONICS
SYMBOL HANDBOOK!

D YES! | want to get started.

Send me my CIE school catalog includ-
ing details about the Associate Degree
Program. (For your convenience, CIE
will have a representative contact you -
there is no obligation.)

AE39
Name:
Address: —
City: State:
Zip: .Age:
Phone No. | )

Check box for G.1. Bulletin Benefits
1 Veteran L] Active Duty

ﬁ""““ %"o
IEE
CLEVELAND 3 @!
INSTITUTE OF s
ELECTRONICS

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

1776 East 17th Street
Cleveland, Ohio 44114
(216) 781-9400
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TV SCRAMBLE

I’'ve been tinkering with video
signals, and I’'m impressed at
just how complex a video signal
is. 'm amazed that cable com-
panies can “scramble” and “‘de-
scramble” the signal. | under-
stand that each cable system
has its own scrambling method.
What exactly do they do to the
video signal, and how can | de-
termine what scrambling meth-
od my cable company uses?—
G. Fischer, Deppee, NY

The fact that a video waveform is
an extremely complex signal is ex-
actly what makes scrambling possi-
ble. All the cable companies have to
do is mess up just one part of the
signal for the picture to become un-
viewable. Descrambling circuitry lo-
cated in the box provided by your
cable company is then used to re-
store the original signal.

I'd love to be able to tell you ex-
actly what your cable company is
doing, but there are many different
ways to scramble video. The meth-
ods used by cable companies are
constantly changing in order to
keep one step ahead of the “illegal”
descramblers that always show up.

In general, most scrambling
methods involve some manipulation
of the control portion on each line of
video. And since the major player is
the horizontal-sync signal (see Fig.
1), that's usually the one that gets
messed up. If you take away the
horizontal-sync signal, the TV won't
be able to tell where each line ends.
When that happens, the horizontal
flyback in the TV will freewheel, and
you'll most likely see the entire hori-
zontal interval weaving down the
center of your TV screen with the
left part of the picture on the right
side of the screen and the right part
of the picture on the left.

Sometimes the picture portion of
the video signal is inverted, so you'll
see a negative image on the
screen—or at least that's what you
would see if they didn't also mess

|
et oy
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FIG. 1—A VIDEO WAVEFORM is an extremely complex signal. If you would like to know
how your local cable company does their scrambling, take a few scope photos of the
scrambled signal or make some sketches of it, and sen:d them in to us.

up the horizontal sync. To make
matters even worse, the current
trend in scrambling video is to do
different combinations of these
things on each frame of video. The
information needed to decode the
next frame of video is usually buried
in one of the off-screen video lines
present in the vertical interval.

We don't know just how many
different methods are used by cable
companies to scramble video, but
we'd like to find out. We encourage
all readers to take a few photos of
the scrambled signal as it appears
on an oscilloscope, or make some
sketches of it, and send them in to
us. If you know what scrambling
method is being used, make a note
of it. If you don't, we'll try to figure
out what they're doing and get back
to you with the answer.

60-HERTZ HUM

Ilive in an apartment and have
a fairly elaborate audio system
with speakers in every room.
Recently, | moved the amplifiers
to another part of the living
room and since then I’'ve been
plagued with high levels of six-
ty-cycle hum. Is there anything |
can do to get rid of the inter-
ference short of moving all the
equipment back to where | origi-
nally had it?—B. Meredith, New
York, NY

The problem of sixty-cychke hum is
always hard to solve but the first
thing you have to do is finc out ex-
actly where it's coming from and, as
soon as you know that, vou can
start to deal with it. Until you know
the source of the hum, anytning you
try to do is wasted effort.

Start by shorting out the inputs of
your equipment, beginning with the
power amps and working back to
the tape decks, turntables, and so
on down the line. If the hum disap-
pears when a particular input has
been shorted, disconnect whatever
is feeding that input and see if the
hum disappears. If it does, you've
got a grounding problem in either
the cable or the equipment feeding
that input. If the hum remains,
you've got a problem with tke input
or power supply circuitry in that
piece of equipment, and that’s
where you should begin your
search.

This wham-bam method of hum
detection is great for locating faulty
components, but it's also possible
that all your stuff is in perfect con-
dition and you're simply the victim of
the friendly folks from your local
power company. Unless you live
deep in a cave, on the top of a re-
mote mountain, or on an unin-
habited moon of Neptune, you're
spending your days surrounded by a

continued on page 15
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MONITOR TEST CORRECTIONS

Some errors appeared in our
“Monitor Tester” article (Radio
Electronics, January 1992). First,
the two Schottky diodes in Fig. 1
(D2 and D3) were shown backward.
Second, the input connection to
IC1-c (pin 5) should jump two lines
to the left to the "PSEUDO 3D
EGA2" line instead of being con-
nected to IC5 pin 12. Third, the inter-
section dot at J2 pin 1 should be
removed—as it was shown, it
wrongly grounded to output of IC1-
d. And last, resistor R14 should be
removed from the parts list.

SEEING THE LIGHT

I've been reading your great mag-
azine for decades, and it's still as
fascinating today as the day | dis-
covered it. Recently, something
happened that | feel must be shared
with the other readers of Radio-
Electronics.

Back at Christmas time a friend
and | were standing in the light-bulb
aisle of Builder's Square talking
about the merits of different types
of light bulbs. All of a sudden, with-
out warning, he started telling me
about the surge of power a light bulb
uses to warm up, and how he leaves
his lights on so that he doesn't
waste electricity turning them on
and off. I've heard that insane notion
before, but this guy launches satel-
lites into orbit for a living. | was ab-
solutely flabbergasted that an
actual rocket scientist believed an
old wife's tale-like that.

Well, | asked him to explain, and
he told me that the filament of a cold
light bulb had a resistance close to
zero, and therefore was effectively a
short circuit when power was first
applied. | replied that, while that
might be true, the warm-up period is
so short that it couldn’t possibly pull
more current than even a second of
operation, let alone the minutes and
possibly hours he was talking about.
He disagreed, and, after all, he is an
engineer!

So, forget the opinions. Here's an
actual measurement. | stoked up my
trusty Macintosh and set up my
analog-to-digital converter to mea-
sure the current of a 100-watt GE
soft white bulb (in my desk lamp) at
22,000 samples per second. Any-
thing that was so short as to fall in
between the samples would cer-
tainly not affect a power meter.

When first turned on, a 100-watt
bulb pulls about 165 watts, but
rapidly falls off to a nominal 100
watts in less than %0 second. In
fact, it falls to less than 150 watts in
just Yeo second. That makes the
average wattage for the first second
only 103 watts, but by the end of the
next second, the wattage has been
stabilized at 100 watts for %o of a
second.

My friend the rocket scientist told
me in the light-bulb aisle that he
leaves his lights on to the tune of
100 watts per second to save 3
watts for one second. In other
words, he wastes 30 times more
power in each extra second he
leaves his lights on than were used
to start them up. One extra minute’s
operation would consume 1800
times the power to turn them on,
and an hour's would amount to a
whopping 108,000 times the power
to warm them up. No wonder it
costs so much to run the space
program!

If | were to figure in the inertia and
internal friction of the power meter,
I'm sure | would find that it would
underread so short (and small) a
change in power, reducing even
those 3-watts. | wonder how | could
measure that?

By the way, the same friend once
told me that if you leave a car bat-
tery sitting on a concrete floor over-
night it will go dead! But I've never
actually checked on that. In light of
all this, | have actually checked for
the existence of satellites, and they
are up there—amazing!

STEPHEN A. SCHLEICK
Livonia, M!

I

IN HOT PURSUIT OF TV TRIVIA

If Ephrim Zimbalist Jr. did indeed
sit on his chief's desk and make
conference calls around the country
in 1958, as alleged in the “Speaker
Mate'" article (Radio-Elec-
tronics, January 1992), then he
did so in the company of Roscoe,
Rex, and Gerald Lloyd Kookson Iil.
Thus, he was not in the role of of FBI
agent Lewis Erskin, but in the role of
chief private investigator Stuart
Bailey on 77 Sunset Strip. The FBI
aired its first episode on September
19, 1965. I'm not a TV-trivia buff, but
it would have been pretty difficult to
stage chase scenes and traffic jams
with about 500 identical 1965 Ford
LTD's, as the director often did,
when the program’s sponsor was
still making Edsels. “Kookie, lend
me your comb!” Snap, snap.
MICHAEL W. TOLAND
Dover, NH

TRULY A TESLA COIL

In response to the letter titled
“True Tesla Coil?" that appeared in
the January issue, | would like to
point out that the Solid-State Tesla
Coil in question (Radio-Elec-
tronics, September 1991) is a true
Tesla coil. | refer you to Tesla’s lec-
ture that was delivered before the
Franklin Institute in February 1893.
The text can be found in the book
The Inventions, Researches, and
Writings of Nikola Tesla by Thomas
Commerford Martin (1894). That
book is available in reprint.

On page 344, Fig. 184 shows a
generator driving two different coils.
One coil looks like a so-called Oudin
configuration, and the other coil is
directly connected with a single
wire. The Solid-State Tesla Coil
works on exactly the same principle
that Tesla used to describe that fig-
ure! The generator in the diagram
could, of course, be any source of
alternating current. Tesla was lim-
ited to mechanical generators and
capacitive discharges as sources
for his alternating currents. | called



my Tesla coil "solid-state” because
it produces the same results that
Tesla's coil produced, using his
methods but introducing solid-state
electronics.

Figures 180 and 181 from the
same lecture also show his use of
direct coupling. In fact, Tesla made
many diagrams and wrote many de-
scriptions on “open’’ circuits or
those powered with “'single wires.”
Tesla understood resonant phe-
nomena very well, and | doubt that
one could say the same for Oudin.
Tesla has priority on direct coup-
ling—or any other kind of coup-
ling—not Oudin.

DUANE A. BYLUND

HAMFEST ALERT!

The Zero Beaters Amateur Radio
Club will hold its 30th annual ham-
fest on Sunday July 19, 1992 at the
Bernie H. Hillerman Park (Wash-
ington Fairgrounds) in Washington,
Missouri, from 6 AM to 3 PM. There
will be a flea market ($4-a-space
parking fee for the flea-market),
seminars, dealer displays, non-ham
displays, and refreshments. VE
exams will be given on a walk-in
basis starting at 10 AM; bring your
original license and a photocopy.
Parking and admission are free. Talk
in: 147.240 and 44.900 repeaters.
CRAIG BRUNE, NOMFD
Hamfest Chairman
Dutzow, MO

FUSE FIX

Some errors appeared in our
Electronic Fuse article (Radio-
Electronics, December, 1991).
Pushbutton switch S3 and LED1
were shown incorrectly in Figures 1
and 2: S3 should normally be
closed, and LED1 should be re-
versed. Also, the left side of R9 in
Fig. 2 should be connected to the
positive side of C5.

ASK R-E

continued from page 12

huge sixty-cycle electromagnetic
field—and there’'s nothing you can
do about it, short of packing up and
moving into a cave.

The better your gear is, the more
sensitive its inputs are, and, unfor-
tunately, the better suited it is to

picking up induced sixty-cycle hum
from the power lines running in the
walls of your apartment. Short of
spenaing big bucks on transformers
and other equipment, you should try
shielding the cables in your system
with aluminum foil. Just wrap them
all individually and then try ground-
ing the foil. Sometimes it works bet-
ter if the foil is left unconnected to
anything and other times it seems
to be more effective when the foil is
tied to a solid ground at one or both

ends. Try both methods and see
which one works out best for you.
I know this doesn’t seem very sci-
entific but it usually works. If you
find some other easy and inexpen-
sive way to solve the problem, I'd
like to hear from you since a lot of
people have exactly the same trou-
ble. A lot of folks would be mighty
happy if you did. Remember what
they say: Build a better mousetrap

and you'll catch a better mouse.
continued on page 78

Powerful software to build
and simulate analog and
digital circuits.

Building and testing circuits is fast and
easy with Electronics Workbench. Just
clizk-and-drag with a mouse to add parts,
run wires, and adjust instruments. The
traces on the simulated instruments are
the same as you'd get on real equipment.

Electronics Workbench really is an
electronics lab in a computer. It's ideal for
learning about electronics, experimenting,
and prototyping circuits.

“Electronics Workbench is pretty
amazing.” - Jerry Pournelle, Ph.D., InfoWorid

.....

Electronics Workbench

The electronics lab in a computer

DOS Professional Version - $299
Macintosh Version - $199

Electronics Workbench includes:

® Analog Module with passive and active
components including transistors, diodes, and
op-amps; a function generator, an oscilloscope,
a multimeter, and a Bode plotter.

® Digital Module with gates, flip-flops, adders,
a word generator, a logic analyzer, and a
unique logic converter and simplifier.

(416) 361-0333

Interactive Image Technologies Ltd.
908 Niagara Falls Boulevard

North Tonawanda, NY

14120-2060 S s,
Fax (416) 368-5799 N

Prices are in US dollars. Offer valid in the USA and Canada only.

§
i

Macintosh Version is monochrome only. All trademarks are the |
. T

property of their respective owners,

-
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Multidyne TS-8-MTS TV test-signal generator. ’

Track down TV video and
audio problems quickly
with the TS-8-MTS test-

signal generator.
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Troubleshooting modern TV's
and computer monitors is
usually tricky business.
Sometimes an experienced trou-
bleshooter can diagnose problems
without using any special test
equipment, but usually he needs the
right tools for the job. The right tool
for repairing or aligning video equip-
ment is the TS-8-MTS test-signal
generator from Multidyne Elec-
tronics, Inc. (12 Frost Creek Drive,
Locust Valley, NY 11560. Phone
1-800-4-TV-TEST). It can generate
eight different video test signals as
well MTS stereo audio signals.

The TS-8-MTS has a composite
video output on a BNC connector
as well as an RF audio/video output
that is switch-selectable between
channels 3 and 4. An RGB colorbar
output is available on a 9-pin D con-
nector for testing computer
monitors. Using a VIDEO-SELECT
pushbutton you can switch the BNC
and RF outputs between eight dif-
ferent video test patterns. Eight
LED’s indicate which pattern is se-
lected. A switched horizontal or ver-
tical trigger pulse is output on a
BNC connector for triggering an os-
cilloscope.

All controls and outputs are lo-
cated on the front panel of the unit
so it's easy to use on your test
bench. Housed in a sturdy metal
case, the unit measures about 12 X
6 X 3inches.

Video modes

The video section of the TS-8-
MTS produces 8 digitally generated
test signals. When the unit is first
powered up, it outputs an SMPTE

colorbar signal, which is split up, top
to bottom, into three different
groups of color bars. The test signal
is used to check video gain, setup,
hue, and saturation. Three black or
gray bars on the bottom right of the
screen make up the pluge portion of
the signal, which is used to adjust
the brightness of the picture. That is
done by making the first two bars
blend into each other. If all three
bars are visible, the picture is too
bright; if none of the three bars is
visible, the picture is too dark.

Next is the multiburst signal
where the video display is a series
of vertical black and white bars
ranging from thick to thin, left to
right. The signal is used to check
the video frequency response of a
TV or VCR. The signal itself con-
tains six sine-wave bursts that all
have the same amplitude when ini-
tially generated. To check the fre-
quency response of a TV, you would
feed the signal into the TV and pick
up the signal inside the set at a point
just before it reaches the screen;
the sine-wave bursts should still
have the same amplitude when
seen on an oscilloscope after the
TV has processed the signal. The
frequency response of a VCR can
also be checked with this signal. All
you do is record the signal on the
VCR and check the output signal on
an oscilloscope when playing back
the tape.

The crosshatch, or convergence
signal is next. The display is a grid
with a dot in the center of each
square. The signal is used to check
and align the red, green, and blue
color guns in a TV. When the grid-

and-dot images from the thrze color
guns are perfectly overlapped, the
picture is fully converged. The grid
can also be used to check vertical
linearity. The horizontal bars should
be equally spaced; crowding at ei-
ther the top or bottom of the screen
indicates a problem.

The NTC7 signal, or pulse-and-
bar mode shows vertical blocks and
bars on the screen. The test signal
is used to measure short-time, line
time, and field-time luminarce dis-
tortions. The distortions can be
seen on an oscilloscope as ringing,
under-shoots, overshoots, and tilt
of various parts of the signal after it
has been processed.

The stair-step signal consists of
five steps in luminance from O to
100 IRE which is seen on a video
display as a gray scale of five ver
tical bars. (IRE is the picture bright-
ness level: O is black and 100 is
white) The signal is used with an
oscilloscope to measure luminance
nonlinearities.

The modulated stair-step signal is
used to measure differential gain
and phase. Differential gain is pres-
ent when the chroma or colorgain is
affected by the luminance or black
and white gain. Differential phase is
present when chroma, color phase,
or tint are affected by the luminance
or black and white gain. The mea-
surement can only be made with a
video vector scope having differen-
tial gain and phase measuring ca-
pabilities.

The red-field signal creates an en-
tire video display of red to check for
moire, color purity, and noise. The
black burst signal can be used to
measure color burst and setup am-
plitude.

Audio
In addition to video signals, the
TS-8-MTS can generate an MTS
stereo audio signal. Audio is pres-
ent at the RF output and a separate
phono-plug output. The audio can
continued on page 88



The new Tektronix 224 is as powertful
as they come. And goes!

With this new 60 MH: digital oscilloscope, Tektronix takes
handheld performance to an even higher plane! The 224 packs
more power per pound than any other product and — with its on-board
rechargeable batteries — goes wherever duty calls.

With its exclusive IsclatedChannel™architecture, you can make two-
channel floating measurements without the risk of shock or damage to
delicate electronics. Such standards as Tek's sharp, bright CRT, rapid update
rate and wide viewing angle make measuring fast and efficient. And the 224's
familiar front panel and fally automated features keep it simple.

You get advanced capabilities like video line triggering and 10 MS/s
digitizing per channel for excellent single-shot performance, plus time-
correlated single-shot weveforms for easy comparison. With CAT200 software
you can even control the 224 over phone lines from halfway round the world.

Call 1-800-426-2200 Ext. 83 to get the full story. We'll show you
more of the 224 — and ways it's giving bench performance wings!

Tektronix

/+
/" Test and Measurement
Copyright © 1992, Tektronix, Inc. All rights reserved.
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No other
to troublesho

of

computers

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

Mini Tower
Computer!

No doubt about it: The best way to learn to service
computers is to actually build a state-of-the-art
computer from the keyboard on up. Only NRI, the
leader in career-building at-home electronics training
for more than 75 years, gives you that kind of
practical, real-world computer servicing experience.

Indeed, no other training—in school, on the job,
anywhbere—shows you how to troubleshoot and
service computers like NRI.

Get inside the West Coast 386sx
computer system... and experience
all the power and speed of
today’s computer technology!

NEW!

386sx/20 MHz

DISCOVERY LAB

Complete breadboarding system
lets you design and modify
circuits, diagnose and repair faults

LESSONS

Clear, illustrated texts
build your understanding
of computers step by step

DIAGNOSTIC HARDWARE
AND SOFTWARE
R.A.C.E.R. plug-in diagnostic
card and QuickTech menu-
driven software, both from
Ultra-X, give you hands-on
experience with today’s
professional diagnostic tools

MONITOR
High-resolution, nonglare,
14" TTL monochrome
monitor with tilt and swivel
base

DIGITAL

LOGIC PROBE

Simplifics analyzing, digital

circuit operation

DIGITAL

MULTIMETER

Professional test instrument for
quick and casy measurements

SOFTWARE

Train with MS-DOS,
GW-BASIC, and popular
Microsoft Works
applications software

/"’M‘i‘
- '__.‘b_! =
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With NRI's exclusive hands-on
training, you actually build and
keep the powerful new West
Coast 386sx/20 MHz mini tower
computer system.

You start by assembling and
testing your computer’s 101-key
“intelligent” keyboard, move on
to test the circuitry of the main
logic board, install the power
supply and 1.2 meg high-density
floppy disk drive, then interface
your high-resolution monitor.

What’s more, you now go on
to install and test a powerful 40
meg IDE hard disk drive—today’s
most-wanted computer periph-
eral—included in your course to

.E’

SEavENEEs. |

dramatically increase your com-
puter’s data storage capacity
while giving you lightning-
quick data access. But that’s
not all!

Professional diagnostic

hardware and software

makes troubleshooting
fast and accurate

Your NRI training now includes
a remarkable diagnostic pack-
age that allows you to quickly
locate and correct defects in
IBM XT, AT 80286/803806, and



shows you how
and service
like NRI!

NEW! 40 MEG HARD
DISK DRIVE!

You install this 40 meg IDE
hard disk drive internally, for
greater data storage capacity
and data access speed

NRI gives you the confidence and the know-how to
step into a full-time, money-making career as an
industry technician, even start a computer service
business of your own!

NEW! 386sx/20 MHz

MINI TOWER COMPUTER!
Features 32-bit 80386sx CPU, 1
meg RAM, 64K ROM, 1.2 meg
high~lensity floppy disk drive

No experience necessary...
NRI builds it in

With NRI, you learn at your own pace in your own
home. No classroom pressures, no night school, no
need to quit your present job until you're ready to
make your move. And all throughout your training,
you have the full support of your personal NRI
instructor and the NRI technical staff, always ready
to answer your questions and give you help when-
\'\ A ever you need it.

FREE catalog tells more. Send today!

Send today for NRI's big, free catalog that describes
every aspect of NRI's innovative computer training,
as well as hands-on training in TV/video/audio
servicing, telecommunications, industrial electron-
ics, and other high-growth, high-tech career fields.

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

[BM is a registered trademark of International Business Machines Corp.
QuickTech and RA.CER. are registered trademarks of Ultra-X, Inc.
West Coast is a member of the Syntax Group.

pinpoint defective support chips.

This .ln.genlous diagnostic City/State/Zip Accredited Member, National Home Study Council 3062 0
package is just one more way ------------------------‘

compatible computers. ] ”R g;:hool of For career cours(s f}}vprovcd ]
, under i
You’ll use your Ultra-X [ | ey M gctrgnlc.s . (] check for details [ |
e s are l McGraw-Hill Continuing Edication Center Pl / l
Quic £ ftw 4401 Connecticut Avenue, NW Je
to test the system RAM and [j Washington, DC 20008 Hl [ ]
such peripheral adapters as l #Check one FREE catalog only l
parallel printer ports, serial ] [ MICROCOMPUTER SERVICING {1 Computer Programming B
communications ports, video ' TV/Video/Audio Servicing Security Electronics
adapter& and ﬂoppy and hard l _' Industrial Electronics & Robotics r ] I[E)lec;ronic I\ld)l;,Sl}f Technology l
: : ’ Telecommunications c¢sktop Publishing
disk drives. You l! go on ‘tO use l [[] Basic Electronics [] Programming in C++ with Windows l
your RA.C.ER. diagnostic card, [ [ |
also from Ultra-X, to identify [ ] _ ]
individual defective RAM chips, B Name (Rlggsejpinn) Age B
locate interfacing problems, and g e i
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NEW PRODUCTS
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Use the Free Information Card for more details on these products.

PC BOARD PROTOTYPE KIT.
Multicore Solders’ pat-
ented Copperset System
provides a simple way to
form plated-through holes
from drilled holes in
printed-circuit boards
quickly, reliably, and inex-
pensively. The portable
system, intended for pro-
totyping, modification, or
repair, is packaged in a con-
venient kit containing the
materials and tools needed
to form 500 plated-through
holes in each of three dif-
ferent diameters. The only
additional tools required for
formation of holes with 0.8-
mm (0.031-inch), 1.0-mm
(0.039-inch), and 1.2-mm
(0.074-inch) diameters
through standard 1.6-mm
(0.062-inch) thick boards
are a soldering iron and a
desoldering tool. The
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Copperset System is
based on thin solder wire
rods that are plated with 25
to 30 microns of copper
and a protective tin coat.
According to Multicore, a
plated-through hole can be
formed with the kit in less

than a minute at a cost of
less than 20 cents a hole.
The Copperset System
costs $289.—Multicore
Solders, 1751 Jay Ell Drive,
Richardson, TX 75081;
Phone: 214-238-1224; Fax:
214-437-0288.

16-BIT PCM AUDIO DAC
CHIP. The AD1866 is the
newest member of Analog
Device'’s Soundport family.
It is a complete stereo 16-
bit PCM audio DAC that
operates from a singie + 5-
volt supply. The DAC is in-
tended for automotive, por
table and low-power digital
audio playback systems.
The AD1866 requires very
few external components
to achieve its rated perfor
mance.

The IC comprises two in-
dependent precision refer-
ences, output amplifiers,
and 16-bit converters. The
DC-bias pins that position
the output signal at 2.5
volts mid scale (1.5 to 3.5-
volt swing) eliminate the
need for any type of false-

-,
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ground circuitry. An input
clock rate of up to 16 MHz
permits operation at two,
four, eight, or sixteen times
the sampling frequency
(where the sampling fre-
quency is 44.1 kHz) for
each channel. Operating at

eight times the sampling
frequency, key specifica-
tions of the device are res-
olution of 16 bits, THD + N
at 990.5 Hz and 0 dB) of
0.005 %, signal-to-noise
ratio of 95 dB, channel sep-
aration of 115 dB, and
power dissipation of 50 mil-
liwatts. The D1866 is com-

L patible with all digital filter
chips and it is packaged in

16-pin plastic DIP's or
SOICs.

The AD1866 audio DAC
IC is priced at $10.50 in
hundreds quantities.—
Analog Devices Inc., 181
Ballardvale Street,
Wilmington MA 01887,
Phone 617-937-1428 for
applications assistance;
Fax 617-821-4273 for liter
ature.

SMT SOLDER CREAMS. In-
novative packaging alter-
natives are now available
for EPS Inc.'s surface-
mount solder creams. The
Flexpak pouch, made of a
tough, impregnable barrier
laminate, is notched for
easy opening to dispense
exact amounts of solder
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cream. Stenciling and
screening grades of solder
cream are packaged in pre-
measured 50- and 150-
gram Flexpaks, each sup-
plied with a unique dis-
pensing tool that empties
the entire package, elim-
inating solder waste, pre-
weighing, and con-
tamination.

For manual or pulsed-air
dispensing, SMT solder
creams are also available in
prepackaged 75--and 35-
gram syringes/barrels that
provide consistent dot de-
posit control for SMT pro-
totype and repair work. A
“No-Drip" piston prcvides
trouble-free dispensing
and eliminates solder
cream waste by wiping the
barrel clean as it is emp-
tied. In addition, ESP sol-
der creams are available in
500-gram cartridges for di-
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Our Name says quality, service and dependability - : “Twas
Our customers agree! " . s encouraged
“« . . - by one of my
The best part of the Optoelectronics LCD counters are their : e 1y Or (e
extreme sensitivity, their brilliant LCD readout that can be seen ‘ / of wisdom,
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dab on frequency... Yours is the only counter which reliably gives us : Supefb-’h After .

; ; g th o1 ,_ote. testing thus untt
(at Radw_ School) an mstam{ frequency readqut ’z’mth its rock-steady PR 2l Sy, R
LCD digits featuring incredible 1Hz resolution. oo enthusiasts should own an

Gordon West Optoe'ectronics Frequency Finder®
- Ron Bruckman -

Optoelectronics has satisfied its customers for over 18 years - ~ TRadio Monitors Newsletter
See for yourself what countless PRty Maryland

Others have already dlscovered! Model 8030 3000 2600H 2810 2600HA 2210A 2300

Function  Freq, Period Freg Period
Ratio, Interval Ratio,Interval Freauency  Frequercy Frequency Frequency Frequency

Range 10Hz- 10Hz- 1MHz- 10Hz- 1MHz- 10Hz- 1MHz-
3.0GHz 3.0GHz 3.0GHz 3.0GHz 2.4GHz 2.4GHz

FACTORY DIRECT ORDER LINE 00Et 0o

Display LCD

w/Function w/Function
- - - Annunciators  Annunciators

RF Signal 16 Segment 16 Segment 1€ Segment

(305)771 '2050 > FAX(305)771 '2052 Strength  Adjustable Adjustable Adjustatie D .

Indicator  Bargraph Bargraph Bargraph

10Digit  10Digit 8 Digit 8 Digit
LCD LCD LED LED

5821 NE 14th Avenue * Fort Lauderdale, FL 33334 Hold SwitchYes Yes Yas Yes Yes No Yes
5% Shipping Handling, (Maximum $10) U.S. & Canada. 15% outside . .
continental U.S.A. In Florida add 6% sales tax. Price $579. $375. $325. $259. $225. $179.
Visa and MasterCard accepted. Sensttwily: <1 10 <10mV typical. Time 3ase: + 1.ppm.; + 2ppm add §10D. - LCD Models only. Nicads & AC charger/adapter
included except for 2300. *For 2300, available with NiCad ‘nstallsd & AC charger/adapter, complete package $128.
A full line of Antennas, Probes & Carry case are sold separately. (One year parts & labor warranty.)
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rect mounting on screen
printers, as well as in 500-
gram jars that feature a re-
usable inner seal to prevent
the paste from “crusting”
or drying out after the jar
has been opened.

For pricing information,
contact—ESP Inc., 14
Blackstone Valley Place,
Lincoln, Rl 02865; Phone:
1-800-338-4353; Fax:
401-333-4954.

SOLDER REFLOW MODULE.
The Air-Vac PCBRM-12
solder reflow modules are
intended primarily for repair
work, but customers are
finding them useful for sol-
dering PC boards in small
production runs. The mod-
ules are suitable for mount-
ing leaded components on
conventional PC boards.
The PCBRM-12 generates
a restricted solder wave

that matches the lead pat-
tern of all multi-leaded
through-hole components.
The solder can be directed
to limit component ex-
posure to heat, and most
components can be re-
moved in about 5 seconds,
regardless of the number
of their leads. The module's
high thermal capacity per
mits much lower operating
temperatures than those of
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handheld or hot-air deso-
|dering tools. According to
Air-Vac, all leads will be
evenly heated—even on
multilayer PC boards. This
feature eliminates the need
for reheating and desolder-
ing individual missed joints.

The user of the
PCBRM-12 is first in-
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structed to select the prop-
er "flow well” and match-
ing hole-cleaning “hood"
(corresponding to the lead
pattern) before setting the
temperature, flow rate, and
cycle time. The PC board is
then inserted into the unit's
carrier arms with the com-
ponent to be removed posi-
tioned over the flow well.
When all solder joints are
molten, the component
can be lifted from the noard
and the holes can be
cleaned of solder by a low-
pressure air jet. A replace-
ment component can be
immediately inserted and
soldered. Custom flow
wells are available fcr se-
lective tinning, soldering
and desoldering of dauble-
sided PC boards and sub-
assemblies.

The PCBRM-12 solder
reflow module is list priced
at $7300.—Air-Vac Engi-
neering Company, Inc. 100
Gulf Street, Milford, CT
06460; Phane:
203-874-2541; Fax:
203-783-1383.

8- OR 16-BIT VGA CARD.
JDR Microdevices' VGA
card should attract com-
puter owners planning to



upgrade their present sys-
tems in the future. They will
be pleased to know that
this VGA card can be
transferred to a faster sys-
tems. Capable of operating
in either 8- or 16-bit modes,
the card can upgrade IBM
compatible computers
based on 8088 MPU as
well as those with the 286,
386, and 486 MPU's. Ac-
cording to JDR Micro-
devices, advanced ASIC
technology permitted them
to minimize the number on-
board components while
providing the features
found only in more expen-
sive cards. This VGA card
supports video monitor
resolutions of 800 x 600
and 640 X 480 in 16 col-
ors, and 320 X 200 in 256
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colors. It provides auto-
mode switching for VGA,
EGA, CGA, MDA, and
HGC, and it supports both
analog and multisync
monitors. Software drivers
for Windows 3.0, Auto-
CAD, Lotus 1-2-3, GEM,
Ventura Publisher, and
other programs are in-
cluded in the purchase
price.

The VGA Card costs
$49.95. —JDR Micro-
devices, 2233 Samaritan
Drive, San Jose, CA
95124, Phone:
800-538-5003; Fax:
408-559-0250.

ONE-PIECE TEST CENTER.
Four of the most commonly
used pieces of test equip-
ment are combined in the
Tenma Test Center, Model
72-710. The test center
contains a 2-MHz sweep

function generator, a 100-
MHz frequency counter, a
triple-output power supply,
and a full-function auto-
ranging digital multimeter.
The frequency counter can
stand in as a precision dis-
play for the sweep gener
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ator or it can be a stand-
alone frequency counter.

The power suppiy has three
outputs. The first output |
provides variable voltage
and current (O te 5 volts DC
and Oto 0.5 amps). It has a |
three-digit LCD display that
can be switched for voltage
or current readout. The |
second and third outputs
have fixed voltages of 5
volts DC at 2 amps and 15
volts DC at 1 amp, respec-
tively. The Model 72-710 |
has a one-year limited war- '
ranty and the purchase |

price includes test leads |

and an owner's manual.

The Test Center 72-710 | §
is list priced at $399.99.— |

MCM Electronics, 650 Con-

gress Park Drive, Center |

ville, OH 45459-4072; Tel:
800-543-4330.

SURFACE-MOUNT INDUC- |
TORS. These miniature in- |
ductors are designed for |

automatic surface-mount |
assembly. The RL2515 Se-

ries inductors from Renco | |
Electronics feature molded | §

plastic packages. Said to

be impervious to moisture, | §

they are suitable for solder-
ing with either vapor-phase |
or infrared soldering sys-
tems. The series includes |
35 standard values ranging |
from 0.15 pH to 100 pH |
with DC current ratings of
70 to 610 milliamps. These |

Instruments

Top engineering
needs top equipment

Our line cf high quality m=2asuring
instruments offers a full range of
outstancing features and unbeata-
ble price/o2rformance standards.

s 30
GEAVARE AGE FUNCTION  GENEAATOR o M8 3

9979 enw

Call tol free
80(.247.1241

/
HADNMEL= nc.

1939 Plaza Real 20 Lumbe- Road BLDG. # 2
OCEANSIDE, 2L 92056 RCSLYR, NEW YORK 11576
Phone (691 630-4080 Phone (£16) 484-7121
Telefax ‘609 §39-6507 Telefax {316) 484-7°70
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inductors can be used as
filters and as components
in filter networks. The oper-
ating temperature range of
the inductors is —25°C to
+80°C.

The RL2515 inductors
can be supplied on tape
and reel or in bulk quan-
tities. They are priced at 25
cents each in 2500-piece
quantities.—Renco Elec-
tronics Inc., 60 Jefryn Bivd.
East, Deer Park, NY 11729;
Phone: 516-586-5566.

PC-BUS POWER MONITOR
CARD. Intended for com-
puter-service personnel,
Wintek's PC-Bus Power
Monitor Card can detect
power disturbances and
identify substandard power
supplies in PC, AT, and
EISA computers. Pack-
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aged on an ISA short card,
the power monitor can be
plugged into an expansion
slot. It then checks to con-
firm that all four supplies
are within specifications,
detects the presence of
glitches or dropouts, and
displays the information on
an LED display. Many inter

mittent operation problems
that appear to be caused
by memory or disk faults
are actually power supply
problems. The PC-Bus
Power Monitor Card is a
handy tool for identifying or
ruling out power-related
problems in the field. Ac-
cording toWintek, the
Power Monitor Card is per
mits faster and easier
power supply checking
than a digital voltmeter or
oscilloscope, especially
when the faults are inter
mittent. By detecting a de-
teriorating power supply,
system errors and cata-
strophic failures can be
avoided.

The standard card pro-
vides a real-time indication
of power quality and its
memory stores momentary
out-of-tolerance events.
The enhanced version of
the card includes an audi-
ble alarm and separate
monitoring circuits to spot
intermittent trouble with
the system clock and dy-
namic-memory refresh sig-
nal.

The basic and enhanced
PC-Bus Power Monitor
Cards cost $195 and
$249, respectively.—Win-
teck Corporation, 1801
South Street, Lafayette, IN
47904-2993; Phone:
800-742-6809; Fax:
317-448-4823.

1&Q MODULATOR. This
modulator is intended for
radar and communications
applications. Mini-Circuits’
MIQA-70ML 18Q Modu-
lator offers —38dBc car-
rier and sideband rejection.
Its third-harmonic suppres-
sionis ~48dBc and its fifth
harmonic rejection is
—64dBc. This 50-ohm de-
vice operates over 66 to 73
MHz frequency range in
both local oscillator and RF
applications. It offers
10 £1dBm local oscillator
power over a —55 to
100°C temperature span.
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Conversion loss is spec-
ified at 5.1 dB. The modu-
lator is housed in an EMI-
shielded case that mea-
sures 0.8 X 0.31 x0.4
inch.

The MIQA-70ML modu-
lator is priced at $49.95 in
quantities of 1 to 9.—Mini-
Circuits, PO. Box 350166,
Brooklyn, NY 11235;
Phone: 718-934-4500;
Fax: 718-332-4661.

ANTI-THEFT VHF/UHF AN-
TENNA. A prominent exter-
nal antenna on an auto-
mobile alerts thieves to the
presence of expensive
transceiver equipment
within your car and attracts
vandals. The Stealth anten-
na from ®Com is an inter-
nal antenna that disguises
the presence of expensive
transceivers in your car and
offers no temptations for
roving vandals. The anten-
na is made as a 0.003 inch
thick etched copper ser
pentine on a gray shaded
polymide substrate that
measures 3.5 X 3.5 inches.

1 WARNING {
2. mmm—m—— ]
EF THIS VEHICLE IS \

- 4
PROTECTED BY AN
ALARM SYSTEM '
i

ar s 62 ¥ 82 s2 w2 l‘.‘Z T oz
B e e
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Its gray color permits it to
blend almost invisibly be-
hind the anti-glare band on
the upper surface of an au-
tomobile windshizld. Ac-
cording to j@Cam, this
inside-mounted antenna
does not reduce trans-
ceiver performance. The
etched-copper antenna is
multipolarized to provide
high gain regardless of sig-
nal polarization. That fea-
ture ensures good recep-
tion in rural as well as urban
locations, and it provides a
steady signal in your car
when itis moving. Because
The Stealth antenra could
pass for a decal, it is also
available with an optional
printed warning symbol as
a further deterrent to thiev-
es. The antenna is said to
have a low standing-wave
ratio over its specified fre-
quency band, and it does
not require adjustment or
tuning.

The Stealth is adheres to
the inside of a windshield
with the adhesive on its
backing; no drilling, clips or
suction cups are neces-
sary. Because the antenna
is mounted inside a vehicle,
it is protected from the ele-
ments and need not be re-
moved or retracted when
entering garages with low-
clearance entrances or car
washes.

Standard and high-
power models of The
Stealth are availakle for
mid-band operation at 146,
220, and 440 MHz. Stan-
dard models are rated for
50 watts of input power,
and high-power models are
rated for 110 watts. Sixteen
feet of RG 58/U coaxial ca-
ble is included with each
antenna.

The standard Steaith An-
tenna is priced at $59.95
and the high-power version
is priced at $69.95.—
jeCom, Box 194, Ben Lo-
mand, CA 95005: Tel:
408-335-9120; Fax:
408-335-9121. R-E



" Ultravariable Pulse Generator
*0.5to 5MHz

*Run, Triggered, Gate, Single-Shot
*Independent width and space controls
»Variable 50€2 output

| Model 4001 $194.95

PULSE SPACING

Pl q‘r—rﬁ—i—r_“f“l—
AMPLITUD!
‘ h l°'

' Audio/Sweep Generator
*Sine/Square/Triangle

*1Hz to 100kHz

*Variable DC offset

*Sweepable 100:1

Model 2001 $178.50

2MHz Sweep Function Generator
*0.2Hz to 2MHz
*Duty-cycle, symmetry controls
* 502 output
*VCO input
Model 2002 $219.95

Digitally Synthesized Generator
*DC to 1.6MHz

sInternal/External Sweep

*Sine, Square, Triangle, Ramps

*QOptional RS-485 communications port

*16 programmable memories
' Model 2003

$499.95

*Trigger, Sweep, Burst, Hop and Gate modes.

Compare the specifications and the prices of these four instruments
with the competition. Then compare the labels. Global's say "Proudly
Made in U.S.A.". Designed and manufactured in our Connecticut factory
with the value and quality that Global is known for. The competitors, they
look alike because they are. Differentnames on the front. The same label

on the back. "Made in Taiwan".

With Global you'll get a Good Buy, and can say Good-bye to imports.

/&Can't Wait? Call...1-800-572-1028

FREQUENCY 0 100 ®

---------
e

OFFSET
e unce oo — .

2001 FUNCTION GENERATOR

GLOBAL SPECIAL“ES
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2002 FUMCTION GEMERATOR

FREQUENCY MULTIPLEXER-HZ
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epilor]| 20
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2003 SYNTHESIZED FUNCTION GENERATOR
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GLOBAL
SPECIALTIES

70 Fulton Terrace
New Haven, CT 06512 T
FAX 468-0060  [rovtries
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Use The Free Information Card for fast response.

BOB GROSSBLATT'S GUIDE
TO CREATIVE CIRCUIT DE-
SIGN; by Robert Grossblatt.
TAB Books, Division of
McGraw-Hill Inc., Blue
Ridge Summit, PA
17294-0850; Phone:
1-800-822-8138; $17.95.

If you read Radio-Elec-
tronics regularly, then
you're familiar with Bob
Grossblatt's columns and
occasional feature stories.
If you write to Radio-
Electronics occasionally
to request help with circuit-
design problems, then
you're one of the people
credited with providing in-
spiration for this book.
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In its pages, Bob
Grossblatt explains how to
minimize your chances of
running into such glitches-
—and how to work your
way out of those that do
arise—by following his
common-sense approach
to the design process.
Working under the princi-
ple that the primary cause
of such problems is not
lack of knowledge but a
poor design method, he
presents a systematic ap-
proach that can be followed
when prototyping any elec-
tronic circuit. To take your
idea from concept to work-
ing project, the author ex-
plains, you must think it
through and outline it in a
notebook before you get

into detailed planning (list-
ing design criteria, choos-
ing components, calculate
component values, identi-
fying alternatives, and set-
ting operating parameters).
Then you're ready to create
block diagrams for your de-
sign. To keep from getting
bogged down along the
way, he continually empha-
sizes the importance of
keeping an open mind
about making changes in
the original design, and per-
severing until you have a
finished product, even if it's
not as perfect as you would
like.

Construction details for
dozens of basic circuit
“"modules’’ that can be
combined to form more
complex—and quite use-
ful—projects are pre-
sented, including a multi-
voltage bench power sup-
ply, an audio preamplifier
and amplifier, a fully buff-
ered, 64K RAM system, a
programmable home-con-
trol center, a VCR sync sta-
bilizer, a battery back-up
circuit with automatic
switch-over, and a micro-
processor-based waveform
generator. Information on
where to find components
and technical literature,
and how to set up an effi-
cient workbench is in-
cluded. To keep things
from getting too heavy,
troubleshooting hints, de-
sign tips and tricks, and
Bob Grossblatt's own
adages are included. Com-
ments like “First make it
work, then make it neat,”
“People make more mis-
takes than electrons,” and
“Versatility breeds com-
plexity” are liberally sprin-
kled throughout the text.

RF/IF SIGNAL PROCESSING
HANDBOQOK; from Mini-Cir-
cuits, P.0. Box 350166,
Brooklyn, NY 11235; Phone:
718-934-4500; Fax:
718-332-4661; free.

Aimed at design engi-
neers, this 718-page hand-
book is loaded with prac-
tical articles, answers to
frequently asked ques-
tions, definitions of terms,
convenient selection
guides, and handy con-
version charts. The com-
prehensive reference also
includes hundreds of
pages of fully detailed,
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computer-automated per-
formance data (CAPD)
specifications, and perfor
mance curves to eliminate
guesswork during the de-
sign process. Components
covered include frequency
mixers, power splitter/
combiners, amplifiers, 1&Q
modulators and demod-
ulators, phase detectors,
RF transformers, filters,
switches, directional cou-
plers, and attenuators.

HAWK PROGRAMMABLE
ON-OFF CONTROLLERS/IN-
DICATORS; from Simpson
Electric Company, 853 Dun-
dee Avenue, Elgin, IL
60120-3090; Phone:
708-697-2260; Fax:
708-697-2272.

Simpson'’s recently intro-
duced Hawk series of dig-
ital on-off controllers and
indicators is featured in this

M AWK

PROGRAMMABLE
in-O# Controllerafindicators
K

.
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32-page, full-color catalog.
Designed for start, stop, or
limit control of a wide range
of process variables, the
controllers have broad ap-
plications in electrical,
chemical, petrochemical,
and other process indus-
tries. Models are available
for AC and DC voltage cur
rent, 4-20-mA DC, 1-5V
DC resistance, 3-wire po-
tentiometer, frequency,
and tachometer (rpm) in-
puts. Also featured are
models for 2-, 3-, or 4-wire
RTD inputs and J, K, R, or
S thermocouples. Each
Hawk series model is neat-
ly packaged in a compact
Y8 DIN case. The catalog
provides descriptions,
technical notes, complete
specifications, a glossary
of terms, available ac-
cessories, and ordering in-
formation.

AUTOCAD FOR ELEC-
TRONICS: A TUTORIAL; by
Thomas Tumilty. Prentice
Hall, Englewood Cliffs, NJ
07632; Phone:
201-592-2000; $43.00.

By demonstrating the
step-by-step development
of manufacturing drawings
for a quad power supply
and a multiwave function
generator, this book—and
the included diskette—
show readers how to de-
sign electronics products



48 HOUR

SHIPPING

AT
Hitachi RSO Series

(Portable Real-time Digital Storage Oscilloscopes)

ELENCO & HITACHI PRODUCTS

DISCOUNT PRICES

SPECIAL BUY

TO ORDER
CALL TOLL FREE
1-800-292-7711
1-800-445-3201 (Can)

HITACHI COMPACT SERIES SCOPES

This series provides many new tunctions such as CRT

VC-6023 - 20MHz, 20MS/s $1,695 - - Readout. Cursor measurements (V-1085/1065A/665A), Fre-
VC-6024 - 50MHz, 20MS/s $1,995 V-212 - 20MHz Scope $409 quency Ctr. (V;1085), Swgeptlmq Autoranging, Detayed
VC-6025 - 50MHz. 20MS/s $2.195 sweep and Tnppe_r Lock using a 6-inch CRT.You don't fes!
y g A f pert d
VC-6045 - 100MHz, 40MS/s Call Hitachi Portable Scopes R ey el e 1o CER oo ation
VC-6145 - 100MHz, 100MS/s _ Call DC to 50MHz, 2-Channel, DC offset func- V-660 - 60MHz, Dual Trace ____ $1.149
RSO's from Hitach: feature roll mode, averaging, save tion, Alternate magnifier function V-665A - 60MHz, DT, w/cursor __ $1,345
memory. smoothing. interpolation, pretnggering. cursor V-1060 - 100MHz, Dual Trace $1,395
measurements. These scopes enable more accurate, V-525 - CRT Readout, Cursor Meas.  $995 V-1065A - 100MHz, DT, w/cursor $1,649
simplier observation of complex waveforms. in addition to V-523 - Delayed Sweep 3975 ~ ] =
” . V-1085 - 100MHz, QT, w/cursor $1.995
such functions as hardcopy via a plotter interface and V-522 - Basic Model $875 V-1100A - 100MHz. Q T
waveform transfer via the RS-232C interface Enjoy the V-422 - 40MHz $775 -110 3 o z,Quad Trace ____ $2,195
comfort of analog and the power fo digital V-223 - 20MHz delayed sweep $695 V-1150 - 150MHz, Quad Trace $2.695
25MHz Elenco Oscilloscope  V-222- 20MHz deluxe $625  Elenco 40MHz Dual Trace
, Good to
FEEREVSA  PRICE BREA = oy 3495
" S-1325  "50MHz Digital Storage Oscilioscope T ’
{ « Dual Trace |, Analog/Digital Scope * High luminance 6" CRT
« 1mV Sensitivity |« 2K word per channe! memory  D$203 * 1mV Sensitivity
L 6" CRT |e 10MS/s sampling rate - * 10KV Acceleration Voltage
-—; oae Y el s X-Y Operation  State-of-art technology 3775 i B e 9ns Rise Time
— « TV Sync | * Includes probes « X-Y Operation

$-1360 60MHz Delay Sweep $775

» (2) 1x, 10x Probes included e Includes (2) 1x, 10x Probes

All scopes include probes, schematics, operators manual and 3 year (2 yrs for Elenco scopes) world wide warranty on parts & labor. Many accessories available for all Hitachi
scopes. Call or write for complete specifications on these and many other fine oscilloscopes. 1x, 10x Scope Probes: P-1 65MHz $17.95, P-2 100MHz $21.95

Digital Capacitance Meter | ; Digital LCR Meter Multimeter with
e cm-15508 | | D Lc-1801 | Fgog | Copacitance & FLUKE MULTIMETERS
e == Transistor Tester | Scopemeters (All Models Available Call)
i $58.95| &= $125 Model 93  $1.095.00 70 Series
‘ 9 Ranges ’ P Measures: $55 CM-1500B | Model95  $1,395.00  Model 70I! $65 00
1pi-20,000utd | || SsmE Coils 1uH-200H Reads Volts, Ohms |~ Model 97 8169500  Model 771 $145.00
v S%basicacey. | @B B @ Caps .1pf-200uf Cutrent, Capacilors, 10 Series Model 791l $169.00
Zero control w/ Case | 1w Res .01-20M Transistors and Model 10 $62.95 80 Series
ol Big 1" Display | Big 1~ Display Diodes / with case Model 12 $79.95 Model 87 $289.00

True RMS 4 1/2
Digit Multimeter

Quad Power Supply XP-580

$69.95

Triple Power Supply XP-620
Assembled $75

AM/FM Transistor
Radio Kit

2.20V @ 2A Kit $50 with Training Course M-700T
210 15V @ 1A,
12V @ 1A
5V @ 3A p i :0 '3‘05VV@§’>11:) Model AM/FM 108 $135
5V @ 5A ord to %
¢ a0 5V @ 34 $26.95 e houisy

All the desired features for doing experiments.
Features short circuit protection, all supplies

with Freq. Counter
Data Hold

14 Transistors e 5 Diodes
Makes a great school project

LASER KITS

Fully reguiated and short circuit protected

GF-8016 Function Generator Function Generator

o with Freq. Counter Blox .
g ° Build your own laser. This great kit includes all parts needed to build a class Ii laser.
$ 249 #9600 Safe to use, output is under one milliwatt. Kit includes a new He-Ne 1.125 dia x 5.75’
I Sine, Square. Tnangle $28.95 long laser tube. Comes with building instructions, schematic and all parts

Pulse, Ramp, .2 10 2MHz
Freg Counter .1 - 10MHz
InVExt operation
GF-8015 without Freq. Meter $179

Model LK-1 $79.95

Provides sine. triangle, square
wave from 1Hz to 1MHz
AM or FM capability

Specifications LK-1:

Learn to Build and Program Input voltage

Wide Band Signal 12VDC @ 1.25 amp

Computers with this Kit Generators | Output voltage 2.3KV @ 3-4.5MA
Includes® All Parts, Assembly and Lesson Manual Trigger voltage 6-8KV
Model Laser power 1 milliwatt

MM-8000 Laser tube type helium - neon

$1 29 00 Laser tube size 1.125" dia x 5.75" long

Mirror & Motor Kit

This unique kit allows you to project laser patterns on the ceiling or walls You change
the patterns by varying the speed of the motors. The kit comes complete with 2
motors, 2 front surface mirrors, 2 motor brackets and 1 power rheostat contro! to vary
speed of the motor

S$G-9000 $129

RF Freq 100K-450MHz AM Modula-
tion of 1KHz Variable RF output

S$G-9500 w/ Digita! Display &
150 MHz built-In Counter $249

C&S SALES INC.

1245 ROSEWOOD, DEERFIELD, IL 60015
FAX: 708-520-0085 « (708) 541-0710

Starting from scratch you build a complete system. Qur
Micro-Master trainer teaches you to write into RAMs,
ROMs and run a 8085 microprocessor, which uses
similar machine language as 1BM PC.

Model LM-1 $19.95

== 15 DAY MONEY BACK GUARANTEE
o 2 YEAR WARRANTY

[
WRITE FOR FREE CATALOG

PRICES SUBJECT TO CHANGE 2
CIRCLE 109 ON FREE INFORMATION CARD

SOILODB|F-0IPRY ‘2661 dUNI

WE WILL NOT BE UNDERSOLD
UPS SHIPPING: 48 STATES 5%

iL RES 7.5% TAX ($3 min $10 max)
OTHERS CALL
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GOLD CONDITIONER

ZroGoline

& PRESERVATIVE

Solid Gold Protection II )
for Audio, Video &
Computer Equipment

* Protects Gold Surfaces Precision

& Base Metals!
* Improves Conductivity!

* Reduces Intermittent
Connection Failures!

* Forms Protective
Coating!

* Reduces Wear &
Abrasion!

* Reduces Arcing & RFI!

GAIG

LABORATORIES, INC.

“Enaroamentat Conscrie:
16744 West Bernardo Dr.
Rancho Bernardo, CA
92127-1904

(619) 451-1799

FAX: (619) 451-2799

Since 1956

Precision
Metered Spray

Applicators
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), 25C1728 STK0080 $16.95¢a .""ﬁ
> 25D869 10/up $1.99ea STK4273 $9.95¢a(10min) b
™ 2sD1398 STR30120 $3.95ea ’ [
2501426

REPLACEMENT FLYBACKS

154-074E  GOLDSTAR  $19.95ea N

154.040A  GOLDSTAR  $19.95¢a e

FCC1415AL SAMSUNG  $19.95¢a

3214003 EMERSON  $24.50ca

TLF14423F  PANASONIC  $2995ea i

TLFI4530F  PANASONIC ~ §2995ea ' (A &

2434391 HITACHI $34.95ea

IDLERS

164113 RCA

$3.50ea( 10min)
NPLYO111GEZZ SHARP $10.95ea ’
NPLYD006GEZZ REPLACEMENT $295ea
143-0-4204-00400 REPLACEMENT $4.95¢a

POPULAR PARTS
526A TRIPLER ~ $9.95ea
4-1164-031600 SANYORF $17.95ea
MODULATOR
100M50V RADIAL  20/for$10.00 56 PAGE
4.7M/250V RADIAL  10/for $5.50 CATALOG!!
1000M/200V  SNAP-IN  5/for$12.50
47TM/50V RADIAL  10/for $4.50

QUALITY TV & VCR PARTS |
SEMICONDUCTORS
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from scratch using Auto-
CAD. The text also demon-
strates how a computer
system works in the
course of the product'’s de-
velopment, how Auto-
CAD's commands are
used, the technique for
translating a hand-drawn
sketch into a complete
schematic/wiring diagram,
and how to lay out a simple
printed-circuit board. It also
covers mechanical and
electrical assembly meth-
ods, why components
must be oriented in specif-
ic ways, universal drawing
standards, etc. Practice
exercises permit readers
to improve their skills in di-
mensioning, text styles,
and isometric and three-di-
mensional drawing. Con-
centrating on the basic
commands that are used in
all versions of AutoCAD,
the book provids a knowl-
edge of the fundamental
concepts of computer
aided design and a founda-
tion in AutoCAD from
which the reader can go on
to master more complex
commands.

BSOFT SOFTWARE ENGI-
NEERING TOOLS CATALOG
#9; from BSOFT Software
Inc., 444 Colton Road, Co-
lumbus, OH 43207-3902;
Phone: 614-491-0832; Fax:
614-497-9971; free.
BSOFT's latest catalog
offers low-cost, stand-
alone engineering pro-
grams and hardware de-
signed for engineers, tech-
nicians, and hobbyists
using IBM-PC's or com-
patibles. Included are pro-
grams for drawing sche-

matics, simulating logic-
control circuits, FFT analy-
sis, and circuit analysis.
CAD programs for struc-
tural analysis, designing
electronic circuits, and PC-
board layout are also of-
fered, along with PC bus
board products for control
and data acquisition. The
26-page booklet contains
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product descriptions, dis-
play printouts of sche-
matics and waveforms, and

ordering information

SURFACE MOUNT & IC TEST
ACCESSORIES; from ITT
Pomona Electronics, 1500
East Ninth Street, P.0. Box
2767, Pomona, CA $1769;
Phone: 714-469-290C; Fax:
714-629-3317; free.
Highlighted in this 14-
page catalog are Porr ona's
complete lines of SMT/IC
test accessories, kits, and

\ ' )
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probe sets. The booklet
features DIP/SOIC, FLCC,
QFP. and SMD Microtest
clips and assemblies, mini-
ature pincer and hcoked
test clips, standard hooked
test clips, alligator test
clips, coax cable assem-
blies, test lead kits, adapt-
ers, breakouts, and inter-
faces. Fifteen major prod-
uct categories are pre-
sented. R-E



Electronics Paperback Books

GREAT PAPERBACKS AT SPECIAL PRICES

[1BP248—TEST
EQUIPMENT CON-

[1BP267—HOW TO
USE OSCILLO-

OF

METER ..... $5.95. Use
these techniques to

BP265—MORE
ADVANCED USES |

M 1 BP256—INTRO TO
LOUDSPEAKERS
Encioss Desin = AND ENCLOSURE
DESIGN ..... $5.95. We
explore the variety of

THE MULTI-

Test Equipment Howto Use
STRUCTION ..... Sonsaon Owliosccoes  'SCOPES  AND
$5.95. Details con- Eauipment OTHER TEST EQUIP-
struction of simple, in- el MENT ..... $6.95. Mas-
expensive, but ex- [ tering the oscilloscope

tremely useful test
equipment. AF Gen,
Test Bench Ampl, Au-
dio Millivoltmeter, Tran-
sistor Tester and six
more.

is not really too difficult.
This book explains all
the standard controls
and tunctions. Other

' equipment is also de-

scribed.

test and analyze the *

performance of a vari-
ety of components.
Also see how to build
ad-ons to extend mutti-
meter capabilities.

enclosure and speaker
designs in use today.so
the reader can under-
stand the principles in-
volved.

[] CMOS1—CMOS POCKET GUIDE 1
$18.95. Works like the TTL Guides but covers
all commonly used CMOS standard devices.
Six major sections. The first shows the device
schematic. Next is a brief description of the
component and is followed by full operating
details. The fourth section lists major applica-
tions, while the 5th and 6th sections present
essential data for that device and a list of the
relevent manufacturers. The final two sections
are a valuable cross-reference.

BP245—DIGITAL 1 BP247—MORE
AUDIO PROJECTS ADVANCED MIDI
..... $5.95. Practical cir- PROJECTS ..... $5.95.
cuits to build and ex- Circuits included are a
periment with. In- MID1 indicator, THRU
cludes A/D converter, box, merge unit, code
input amplifier, digital generator, pedal, pro-
delay tine, compander, grammer, channelizer,
echo effect and more: and analyzer.

1
= ]
7

[] BP303—UNDERSTANDING &

PC SOFTWARE

$6.95. This

¥

book will help you understand the

basics of various types of business

&

software in common use. Types of

software covered include word pro-
cessors, spelling checkers, graph-
ics programs, desktop publishing,
databases, spreadsheets and util-

ities.

‘Understanding
Sdftware

1 BP251—COMPUT-
ER HOBBYISTS
HANDBOOK
$8.95. A wrapup of ev-
erything the computer
hobbyist needs to
know in one easy to
use volume. Provides a
range of useful refer-
ence material in a sin-
gle source.

] BP299—PRACTICAL
ELECTRONIC FILTERS
$6.95. Presents a doz-
en filter-based practical
projects with applications in
and around the home or in
the constructor's workshop.
Complete construction de-
tails are included.

F AMATEUR RADIO .....
"

- $6.95. Amateur is a

1 BP249—MORE
ADVANCED TEST
EQUIPMENT CON-
STRUCTION
$6.95. Eleven more
test equipmént con-
struction projects.
They include a digital
voltmeter, capacitance
meter, current tracer
and more.

[] BP309—PREAMPLI-
FIER AND FILTER CIR-

] CUITS ..... $6.95. Provides
circuits and background

! info for a range of pre-

/r\\ amplifiers, plus tone con-

Preampilifier

[1 BP257—INTRO TO

an
Fitter Clrcuits

unique and fascinating

hobby. This book gives ; )

ha howcamerTa Torm: / trols, filters, mixers and
prehensive and easy to \ /i more. All are high-perfor-
understand guide to . ¥ | mance circuits that can be

built at a reasonable cost.
(] PCP115—ELECTRONIC
PROJECTS FOR HOME SECUR-
ITY ..... $10.00. 25 projects ranging
from a single-door protection cir-
cuit that can be completed in an
hour or two, to a sophisticated
multi-channel security system.
Each project is described in detail
with circuit diagrams, explanations
of how it works, instructions for
building and testing, and how to
adapt circuits to meet special re-
quirements.

_the subject.

[] BP195—INTRODUCTION TO SATELLITE TV..... $9.95. A definitive introduction to
the subject written for the professional engineer, electronics enthusiast, or others,
who want to know more before they buy. 8 x 10 in.

[] BP190—ADVANCED ELECTRONIC SECURITY PROJECTS

..... $5.95. Includes a

passive infra-red detector, a tiber-optic loop alarm, computer-based alarms and an
unusual form of ultrasonic intruder detector.

[1 BP235—POWER SELECTOR GUIDE.....$10.00. Complete guide to semiconduc-
tor power devices. More than 1000 power handling dévices are included. They are
tabulated in alpha-numeric sequency, by technical specs. Includes power diodes,
Thyristors, Triacs. Power Transistors and FETS.

[ BP234—TRANSISTOR SELECTOR GUIDE..... $10.00. Companion volume to
BP235. Book covers more than 1400 JEDEC, JIS, and brand-specific devices. Aiso
contains listing by case type, and electronic parameters. Includes Darlington
transistors, high-voltage devices, high-current devices high power devices.

] BP99—MINI-MATRIX BOARD PROJECTS.....$5.50. Here are 20 useful circuits
that can be built on a mini-matrix board that is just 24 holes by ten copper-toil strips.

[ BP117—PRACTICAL ELECTRONIC BUILDING BLOCKS—Book 1.....85.75.
Oscillators, Timers, Noise Generators, Rectifiers, Comparators, Triggers and more.

] BP184—INTRO TO 68000 ASSEMBLY LANGUAGE.....$6.95. The 68000 is a
great new. breed of microprocessor. Programming in assembly language increases
the running speed of your programs. Here's what you need to know.

[1 BP179—ELECTRONIC CIRCUITS
FOR THE COMPUTER CONTROL OF
..... $7.50. Data and circuits for
interfacing the computer to the robot's

ROBOTS

motors and sensors.

[ BP239—GETTING THE MOST FROM YOUR MULTIMETER..... $5.95. Covers
basics of analog and digital meters. Methods of component testing includes
transistors, thyristors, resistors, capacitors and other active and passive devices.

[ BP97—IC PROJECTS FOR BEGINNERS.....$5.50. Power supplies, radio and
audio circuits, oscillators, timers, switches, and more. If youcanuse a soldering iron
you can build these devices.

[0 8P37—50 PROJECTS USING RELAYS, S‘CR‘S & TRIACS..... $5.50. Build pri-
ority indicators, light modulators, warning devices, light dimmers and more.

[] RADIO—100 RADIO HOOKUPS.....$3.00. Reprint of 1924 booklet presents radio
circuits of the era including regenerative, neutrodyne, reflex & more.

[] BP42—SIMPLE LED CIRCUITS..... $5.50.A large selection of simple applications
for this simple electronic component.

7 BP127—HOW TO DESIGN ELECTRONIC PROJECTS.....$5.75. Helps the reader
to put projects together from standard circuit blocks with a minimum of trial and
error.

] BP122—AUDIO AMPLIFIER CONSTRUCTION.....$5.75. Construction details for
preamps and power amplifiers up through a 100-watt DC-coupled FED amplifier.

[} BP92—CRYSTAL SET CONSTRUCTION..... $5.50. Everything you need to know
about building crystal radio receivers.

[] BP45—PROJECTS IN OPTOELECTRONICS..... $5.50. Includes infra-red detec-
tors, transmitters, modulated light transmission and photographic applications.

[1BP255—INTERNATIONAL RADIO

CHECK OFF
THE BOOKS YOU WANT

STATIONS GUIDE ... $7.95. Provides
the casual listened, amateur radio DXer
and the professional radio monitor with an
essential reference work designed to
guide him or her around than ever more
complex radio bands.

ELECTRONIC TECHNOLOGY TODAY INC.
PO. Box 240, Massapequa Park, NY 11762-0240

SHIPPING CHARGES IN

USA AND CANADA

$0.011t0 $5.00. . .. ..
$5.01 to $10.00. .. ..

Hame $10.01t0 20.00. . .
Address $20.011030.00 . ..
City State Zin $30.0110 40.00 .. .

RE692

$40.01 10 50.00 . ..
$50.01 and above . ..

$1.50
$2.50
$3.50

. $4.50

$5.50

.$6.50

$8.00

SORRY No orders accepted Number of books ordered D

outside of USA & Canada
Total price of merchandise ... . $
Shipping {see chart) ... ... .. $
Subtotal .................. $
Sales Tax (NYS only). . . §
Total Enclosed ... $

All payments must be in U.S. funds
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Micromini Toggle Switches. Reli-
ability at low cost. Rated 3A at
125VAC. % "-dia. stem.

SPST. #274-624 ... .. ... 2.29
SPDT. #274-625 ... ... . ... 2.39
DPDT. #274-626 .. ....... 2.59

(1) TO-220 Heat Sink. Ideal for PC
board use. #276-1363 . ... .. .. 89¢
(2) TO-3 Mounting Hardware. Com-
plete kit. #276-1371 .. ... .. . .. 99¢
TO-220 Mtg. Kit, #276-1373 ... . 99¢
{3) Heat Sink Grease. Assures maxi-
mum heat transfer. #276-1372 ... 1.59

UL-Listed DVM. Micronta® makes
electronics testing a snap!
Autoranging, 2" LCD digits, bar
graph to spot peaks, data hold to
freeze display, confinuity sounder,
diode-check. #22-186 . . . .. 69.95

Since 1921 Radio Shack has been the place to obtain up-to-date electronic parts
as well as quality tcols, test equipment and accessories atllow prices. Nearly 7000
locations are ready to serve you—NOBODY COMPARES

Prices apply at participating Radio Shack stores and dealers. Radio Shack is a division of Tandy Corporatinn

Try Our Exclusive Posfage-Free Parts *‘Hotline”

YoufFadio Shackstose stocks over 1000 electronic ccnp- % nls- and another
15,00C itams are avaiiable fas; from our Special-Orde” war=aouse. Selection
includes ICs, transistars and @iodes, tubes, crystalg: dhcad certndges and
styli, al soris of accessones, SAME* service mariilale ard s3UCH more. You

pay nc gostage— we send your order direct 1o your Zmarz> Radio Shack.

(1) Portable Shortwaive Antenng, DX grabbert Ch;s o gortable’s rod an-
tenna. 23-ft. wire élement siores €n pocket-size: ree. A27AE=-1374 .. 8.95
{2) Dial Cord ReaairKit. Radio Svack exclusive! Inctusiessix feet of high-
strergth dial cord and three tensicn springs. #274-835 y omer., SR
(3) 3" Brushless 12VDC Fan Exclsive! Brushless isng DC operation

(4) UL-Recogmzed ?ower Traf:sformer. Exé us;v-e -
Centar-tapped sekondary provides 12VAC at 1

(1) Double-Shielded, 4 Conduc-
tor Cable. For data or audio. The
best! 30 ft. #278-777 . ... ... 7.95
(2) Coiled Mike Cablz. Replace
CB, ham, marine radio cords. 4 con-
ductors. 5 ft. #278-358 .. . . 2.99

(1) 1N914/4148 Switching Diodes.
Popular silicon type. Rated 75 PIV,
#276-1122 Pkg. of 10/99¢
(2) IN34 Germanium Diodes.
Hard-to-find signal diodes. Rated
60 PIV. #276-1123, Pkg. of 10/99¢

@ @ i : l ;

(1) 12 to 3VDC Motor. Use in solar
power demos. #273-223 .. .. . 99¢
(2) Electret Element. #270-092, 2.99
(3) 12VDC Magnetic Buzzer. A more
pleasing tone! #273-026 .. ... . 219
{4) “Ding-Dong” Chime. Classy entry
alert. 6 to 18VDC. #273-071 .. .. 8.99

(1) Coiled 6-Fi. Test Leads. Why put
up with tangles? #278-750 . . Set/4.99
(2) Posts to BNC. #274-715 ... . 8.95
(3) Posts to Bananas. #274-716, 4.95
(4) Stackable Dual Inline Banana
Plug. Versatile! #274-717 ... ... 2.99

(5) 6-Ft. BNC-10-BNC. #278-964,5.99

{1) Thermal Fuses. 128° C., #270-1321, 141° C.,
#270-1320. 228° C., #270-1322 . . . . Each 1.19
(2) Thermistor. Resistance is propor-
tional to temperature. #271410 ... 1.99
(3) Surtace-Mount Resistors. 200
pieces, 15 popular values! Rated s watt,
5%. #271-313 ... . ... ... . Set4.99

IC Inserter/Extractor Kit. Why

risk bending or breaking pins on
expensive chips? This kit makes it
easy toinstall and remove any DIP-
style IC from 6 to 40 pins. Eoth tools
are groundable to prevent static
‘'zaps”. #276-1581 ... .. ..6.95

PC/XT Experimenter's Circuit Card. This premium-quality prototyping
board fits a computer’s XT expansion bus connector. Features Jurable epoxy
glass construction and plated-through holes on stancard 0.100" centers.
Accepts D-sub connector shown at right. 37/s x 10116 x /16"

#276-1598 ... 29.95

CIRCLE 78 ON FREE INFORMATION CARD

Right-Angle D-Sub 25 Female
Connector. Ideal for use with PC/
XT circuit card at left. Radio Shack
also stocks a big selection of D-sub
and IDC-type connectors for com-
puter hookups. #276-1504 .. 2.49

Radlo JThaek -

ME’RICA'S TECHNOLOGY STORE ~



Our inexpensive
robot is funto g,

build and fun | -‘fz{*—'} e R o Y e
to play with. “*-:-i'!_;t_ AL RN i .i” N
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ROGER SONNTAG 1 —
and &
DENNIS CHANEY

IN A SIMPLE ENVIRONMENT., A FREE-
roaming robot does not have to be very
smart to function in what appears to be
an intelligent manner. The robot has only

to sense an obstacle and avoid it. When that

is repeated many times, a path can almost
always found through its environment and the
robot seems to be surviving on its own.

The robot we're going to build is a lot like an
insect; it has two “antennas” (actually switches) that
help it navigate around obstacles. If you touch one
antenna of a bug crawling along, the bug will avoid your
finger by stopping, backing up, and turning away from it.
Because you touch only one antenna, the bug knows which
side of his path is blocked and responds by stopping, backing
up, and turning his body away from that side. Touch the other
antenna and the bug will stop, back up and turn the other way. If
both antennas are touched, the bug stops, backs up, and tries to
go to one side or the other. ‘

Our robot bug is designed to respond to obstacles in a similar
manner. It always backs up first and then turns away from the object
sensed. You can modily its response by adjusting three time-delay con-
trols on its circuit board. The time delays determine how much time the
robot spends backing up and turning. The block diagram in Fig. 1 shows
how the adjustable time delays interact to control the robots response.

Ny
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RIGHT
ANTENNA
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RIGHT TURN
TIME DELAY
2705 SEC.

REVERSING

LEFT \
ANTENNA

BACKUP TIME
DELAY /270
2 SEC.

%)

RELAY

()

D;[I :

RIGHT
ANTENNA
HITS SOMETHING

BACK-UP DELAY
SET FOR 1 SEC.

RIGHT-TURN
DELAY SET FOR
3 SEC.

RESULT IS RIGHT
TURN FOR 2 SEC.

LEFT
ANTENNA
HITS SOMETHING

BACK-UP DELAY
SET FOR 1 SEC.

LEFT-TURN
DELAY SET FOR
4 SEC.

RESULT IS LEFT
TURN FOR 3 SEC.

FIG. 2—TIMING DIAGRAM. Either antenna will reverse both motors and the robot
backs up. When the back-up time is over, one of the motors continues in reverse,

LEFT TURN
TIME DELAY
270 5 SEC.

REVERSING

RELAY

RIGHT

FIG. I—THREE ADJUSTABLE TIME DELAYS interact to control the robot’s movement.

3 SEC.

PR (PRY R —

TIME (SECONDS)

causing the robot to turn away from the object.

oi4— —

Three time-delay circuits
share the control of two revers-
ing relays. When the right an-
tenna is triggered. it activates
the back-up delay and the right-
turn delay. When the left anten-
na is triggered. it activates the
back-up delay and the left-turn
delay. The back-up delay acti-
vates both reversing relays for a
period of Y2 to 2 seconds. Dur-
ing that time, the robot moves
straight back, away from the
obstacle. A turning delay (right
or left) is set for period of 2 to 5
seconds. That keeps one motor
in reverse after the other stops.
If the left motor continues in re-
verse after the right motor
stops. the robot turns to the left,
and vice versa. The size of the
turn depends on how long one
motor continues in reverse after
the other one stops. If both an-
tennas are triggered. all three
time delays are activated. The
direction the robot turns is de-
termined by whichever turn de-
lay is longest.

The robot’s control circuitry is
based on simple “one-shots”
that wait to receive a signal be-
fore turning on for a predeter-
mined time. Three potentiome-
ters let you adjust each one-shot
separately. The timing diagram
in Fig. 2 will help you visualize
the different timing events. Ei-
ther antenna (or both) will start
the back-up one-shot which re-
verses both motors. One poten-
tiometer sets the time that the
robot spends going straight
back. When the back-up time is
over, one of the “turning” one-
shots keeps one of the motors in
reverse, causing the robot to
turn away from the object. The
direction of the turn is deter-
mined by the motor that stays
in reverse; the size of the turn is
determined by how long that
motor stays in reverse after the
back-up time is over.

Circuitry

As shown in Fig. 3, three one-
shots (IC1, IC2, and IC3) control
two relays (RY1 and RY2). The
backup time delay is controlled
by IC3, and is variable between
Y2 and 2 seconds via R20. The
left- and right-turn delays are
controlled by ICI and IC2, re-
spectively, and are variable be-
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FIG. 3—THE BACKUP TIME DELAY is controlled by IC3, and variable between 2 and 2
seconds via R20. The left- and right-turn delays are controlled by IC1and IC2, respec-
tively, and variable between 2 and 5 seconds via R18 and R19.

ELECTRONIC PARTS LIST

All resistors are Ya-watt, 5%, un-
less otherwise noted.
Ri, R2, R6, R7, R9-R11—4700 ohms
R3, R5—47,000 ohms
R4, R8-—100 ohms
R12—47 ohms
R13—1 megohm
R14—100,000 ohms
R15, R16—470 ohms
R17—3 ohms
R18-R20—125,000 ohms,
potentiometer
R21—50,000 ohms, potentiometer
Capacitors
C1,C3, C4,C6,C7,C9,C11,C12—0.47
wF, monolythic
C2, C5, C10—33 iF, electrolytic
C8—100 pF, electrolytic
C13—220 uF, electrolytic
Ci14, C15, C17—0.033 pF, Mylar

tween 2 and 5 seconds via R18
and R19.
To see how the 555 timers are

C+6—0.01 uF, Mylar

C18—22 pF, electrolytic

C19—1 uF, tantalum

Semiconductors

IC1-1C3—555 timer

D--D8—1N4148 diode
Q1-Q3—2N3904 NPN transistor
Q4—2N3906 PNP transistor

LED1, LED2—red light-emitting diodes
LED3, LED4—jumbo round or ree-
tangular light-emitting diodes

Other components

R¥Y1, RY2—DPDT 5-volt relay
S1—SPST switch

SPKR1—Knowles electronics WO-380
speaker module or equivalent
Miscellaneous: IC sockets, PC boad,
two dual "“AA" battery holders, all me-
canical parts (see mechanical-parts
list), wire, etc.

used as one-shots, take alook at
IC2 in the schematic. When a
negative-going pulse is received

from the right antenna at pin 2,
the following timing cycle is
started: pin 3 of IC2 goes high
and turns on Q2 and RY2. At
the same time, C5 charges
through potentiometer R19.
The charging time depends on
the setting of the potentiometer.
When C5 charges to approxi-
mately 4 volts, it begins to dis-
charge through IC2. Pin 3 of IC2
returns to a low state and RY2
turns off. The one-shot now
waits for the next pulse at pin 2.
The circuit built around IC1
works in the same way.

The backup time-delay cir-
cuit built around IC3 differs
from the other two one-shots in
that it has four diodes added:
D2 and D3 at pin 2 and D4 and
D5 at pin 3. The diodes serve as
an “or function,” causing pin 2
to respond if either antenna

S01U0109[3-0Ip_Y ‘2664 AUNS
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ROLLER | NUT

e HEXAGON
BOLT  WASHER . WASHER STANDOFF

BATTERY
BACKPLATE

FIG. 4—FOLLOW THIS DIAGRAM as a mechanical assembly guide. Note that the
motors come attached to the metal chassis plate, and can break lose if you flex or bend

the chassis.

makes contact. Pin 3 of IC3 is
controlled by the output of the
other two one-shots; if either
turning one-shot is activated,
the backup delay, which takes
precedence, is also activated.

Mechanical assembly

The robot is assembled in
three steps. The first step is to
assemble the mechanical parts,
the second is to assemble the
circuit board, and the third is to
join the two sections together.
The robot kit available from the
source mentioned in the Parts
List includes all of the mechan-
ical parts. If you wish to build
the robot without buying the
kit, we've provided a list de-
scribing all of the mechanical
parts. If you can’t find the exact
parts we've specified, it's very
easy to improvise using similar
parts. All the robot really needs
is two independent drive wheels
and one trailing wheel,
mounted on a chassis with
enough room to accommodate
the two motors, two battery
holders, and the PC board.

Follow Fig. 4 as a mechanical
assembly guide. Note that the
motors come attached to the
metal chassis plate included
with the kit. Do not pull on the
motors as they can break lose,
and do not flex or bend the chas-
sis as it will make the wheel
alignment more difficult. Start
the mechanical assembly by
pressing the metal wheel sleeves
into the nylon bushings. Then
assemble each front wheel onto
the metal chassis as shown,
using a screwdriver to tighten
the bolt while holding the nut
with pliers. You might want to
put a small drop of oil on the
bushings, but do not get any oil
on the outside surface of the
wheels where the rubber band
attaches.

Turn the chassis over and at-
tach the rear-wheel hexagon
standoff as shown, and tighten
it securely. Note the position of
the hole through the standoff; it
should be aligned parallel to the
back edge of the chassis. As-
semble the roller ball as shown
onto the standoff. Again you

METAL GHASSIS
-ls J— 5
5
1\
NUT NUT
METAL  NYLON COMPLETED WHEEL
BOLT WASHER WHEEL SLEEVE BUSHING ASSEMBLY

might want to put a small drop
of oil on the inside of the roller
ball. After tightening the assem-
bly. make sure the ball can still
turn.

The DC motors included in
the kit have one terminal
marked with a white dot. If
you're using motors with no po-
larity markings. make the elec-
trical connections temporary.
Later, when testing, if both
wheels do not turn in the for-
ward direction while the robot
is free-running. simply reverse
the leads to the motor(s) run-
ning in the wrong direction. For
now, though, we’ll assume
you're using the motors in-
cluded in the Kkit.

Solder a 3-inch red wire to
each motor terminal marked
with a white dot and solder a 3-
inch black wire to the other two
motor terminals. Put two “AA"
cells in one of the battery hold-
ers and put a rubber band over
the wheel and motor pulley on
each side. Temporarily twist the
battery-holder wires to the right
motor wires—red to red and
black to black—and make sure
the wheel turns and the rubber
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FIG. 5—PARTS-PLACEMENT DIAGRAM. Install LED3 and LED4 bent forward like

headlights.

MECHANICAL PARTS LIST

® Metal chassis plate, approx. 3%
inches wide (after the sides are bent up
at 90° angles) x 3'z inches long, drilled
to accommodate ali other hardware

e Two DC motors with shaft pulleys

o Two front wheels (the kit uses two
plastic knobs, 1%-inch outside diameter,
with Ys-inch shaft hole)

® Two nylon or metal wheel sleeves, V-
inch outside diameter, %-inch inside di-
ameter, Wie-inch long

® Two nylon bushings, ¥z-inch outside
diameter, Ys-inch inside diameter, %-
inch thick

® Two 1-inch whee!l screws with a nut
and washer for each

® One %-inch diameter roller ball with
hole drilled through the diameter

e One roller-ball axle screw with two
nuts and two washers

® One "e-inch threaded hex standoff
for “he roller-ball assembly, cross-drilled
on the bottom end

e One mounting screw for roller-ball
standoff

e Two spring-wire antennas/feelers

® Two antenna posts

® ~wo ¥e-inch threaded hex standoffs
and mounting screws for the PC board
® Rubber pads and adhesive-backed
felt for the two battery holders

e Two rubber bands

Ncte: The following items are avail-
able from The Electronic Goldmine,
PO Box 5408, Scottsdale, AZ 85261
(602) 451-9495: (Add $3.50 shipping/
handling)

e Complete robot kit (C6466, bat-
teries not included)—$39.95

® PC board only—$10.00

band stays in place.

If the rubber band comes off
you must align the wheel by
bending the chassis slightly.
Run the motor again to see if
the rubber band stays on. If it
stays on, reverse the battery
leads and check it again—you
may have to readjust the wheel.
(Never bend the chassis where
the motors are attached and do
not put any stress on the motors
as they may come lose from
their mounting.) When you
finish aligning the right wheel,
repeat the process for the left
wheel.

Two metal standoffs are in-
stalled on top of the chassis
using bolts and washers
through the bottom of the chas-
sis. The bolts go up through the
chassis, through the standoffs,
through the PC board, and the
board held down with the nuts
as shown. But first we have to
build the PC board.

Electronic assembly

Assemble the circuit board as
shown in Fig. 5. Watch the po-
larity of the IC’s, electrolytic ca-
pacitors, and diodes. Note that
the leads of LED3 and LED4
should be bent at 90° angles so
that they look like headlights
when mounted on the board.
It's a good idea to insulate the
exposed portions of the head-
light LED’. Install SPKRI1 as
shown. DO NOT attempt to re-
move the capacitor soldered
across the speaker terminals;
the leads of the capacitor are
used to connect the speaker to
the board.

Now install feeler wires as
shown in Fig. 6. Each feeler is
made from a length of spring
wire, bent as shown in Fig. 6.
Fit the straight portion of the
left feeler wire at the point
shown until it is flush with the
board. Bend the other end
around and insert it into the
other hole as shown and solder
that end. Repeat those steps for
the right feeler wire.

Now make two feeler posts by
bending wire as shown in Fig. 6.
After bending, solder the posts
to the board in place over the
feelers. Adjust the straight part
of each feeler wire so that its
centered under the post. Mak-

sojuonoa|3-0IpRY ‘2661 BUN
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FOIL PATTERN FOR THE ROBOT shown actual size.

N

ANTENNA
\/ WIRES

FIG. 6—THE FEELER WIRES are installed as shown here. The feeler posts are sol-
dered to the board over the feelers. with the straight part of each feeler centered under

the post.

ing sure the feeler is not touch-
ing the post, solder the straight
end of the feeler to the board.
The feelers must not touch any
part of the posts after they're
soldered in place; reheat the sol-
der if necessary to reposition
the feelers. Check the operation
of the feeler by pushing on the
circular part—the straight part
of the feeler should hit the post.
Figure 7 shows the finished
robot.

Solder the battery-holder
wires and the motor wires to the
points shown in Fig. 5. Make

sure Sl is in the “off” position
and put four "AA" batteries in
the holders. Hold the robot in
your hand so that the wheels
can spin freely, and turn on the
power. Both wheels should be
turning in the forward direc-
tion. If either wheel is turning
in the wrong direction you'll
have to reverse the leads going
to that motor.

Set R18 and R19 fully clock-
wise and set R20 fully coun-
terclockwise. With the motors
running, bump the left anten-
na; LEDI should light and the

FIG. 7—HERE’S WHAT THE ROBOT’S
board looks like close up. You can also
see how the feelers work.

left wheel should reverse direc-
tion for a short period of time
(LED2 will also light for just a
second). Now bump the right
antenna: LED2 should light up
and the right wheel should
change direction. Bump both
antennas; LED1 and LED2
should light up and both wheels
should change direction.

Final assembly

Install felt strips on the solder
side of the PC board where the
battery packs will come in con-
tact with it. Lay the battery
holders (with batteries in-
stalled) into chassis with the
wires coming out on top near
the motors. Set the board onto
the standoffs and secure it with
one nut on each standoff. Do
not overtighten the nuts.

Operating tips

Find a large area and turn on
the robot. The robot works best
on a smooth, hard floor. It does
not work well on carpeting, ce-
ment, dirt, or asphalt. The back
up time delay should always be
much shorter than either the
left or right time delays. If the
left or right delay is really long,
the robot will make loops and
other strange movements. In
small spaces all time delays
should be kept short and in
larger spaces longer time delays
work better. Make sure thar the
obstacles the robot encounters
are solid all the way down to the
floor. When the rubber bands
get dirty from prolonged use,
they will begin to slip. Replace
them whenever necessary. R-E



A PC IS THE PERFECT THING
to use to accumulate, ma-
nipulate, plot, and store
the results of an experi-
ment. PC-based test
equipment has an advan-
tage over traditional in-
struments: since various
instruments share the
same PC. the money that
would normally be spent
duplicating the display.
keyboard. etc.. can be
saved. That's the idea be-
hind this series of arti-
cles. We'll build a number
of PC-based test instru-
ments, including a ca-
pacitance meter. a 100-
MHz frequency counter, a
logic IC tester/identifier.
and an oscilloscope. We'll
start this month with an
interface card.

The search for the per-
fect PC interface begins

with the serial port. Un- -

fortunately, the serial
port is too slow for trans-
ferring large quantities of
data needed to control
and monitor test equip-
ment. Another pos-
sibility is the parailel port
which can transfer 8 bits
in 500 nanoseconds (best
case). Unfortunately, the
parallel port is not truly
bidirectional. A couple of
handshake lines can be
used as data inputs, but
that means converting
fast parallel data into
slower serial data. Also,
several data lines would
have to be sacrificed so that they
could be used as address lines.
Another possible solution
would be to connect a circuit
directly to the computers ex-
pansion bus. That would be
very fast and easy to program,
but it would require giving up
an expansion slot every time
you added another device.
What's needed is a general-
purpose, fully bidirectional par-
allel port that can select and
drive different peripherals all
connected (o a single generic
ribbon cable. That is all con-
tained in the 11000 Data Inter-
face that we'll build this month.
The 11000 can address up to 256
peripheral devices, all con-

an address DIPswitch. As
far as software goes, we'll
use BASIC due to it's
broad popularity, but al-
most any other language
can be used. '

Sending a byte

Refer to Fig. 1 for the
following example. When
the BASIC instruction,
“OUT 768,85" is ex-
ecuted. the byte 85"
(01010101) is sent to ad-
dress 768" (where the
11000 resides). The PC ex-
pansion bus address
lines as-a0 are attached
to the card-address
block. along with the
ADDRESS ENABLE (AEN)

1

In this series of articles
we’ll be building various PC-
controlled test equipment—

but first we need a

universal interface card.

STEVE WOLFE

nected in parallel, using 25-con-
ductor ribbon cabie. The 11000
is simple to program; an “out”
or "write” command sends a
byte, and an “in” or “read” com-
mand receives a byte.

11000 operation

Each card ina PC has its own
address. That is necessary to
ensure that information intend-
ed for a certain card is reczived
only by that card, and to ensure
that only one card can place
data on the bus at a time. Typ-
ically. the 11000 is set to ad<ress
768 (hex 300)—an address that
IBM left available for prototyp-
ing. The 11000 can be re-ad-
dressed as needed by changing

line. which indicates that
the address data is valid.
and the WRITE (WR) line,
which indicates that an
“out” was performed. If
the AEN and WR lines are
#  low (logic 0) and the ad-
dress lines match the DIP
switch settings, an 8-bit
magnitude comparator
in the card-address block
changes state (goes low).
That tells the 11000 that
the CPU has selected it.
The PC's WRITE pulse,
in conjunction with the
ENABLE pulse from the
card-address block,
causes the address latch
to store the address. and
the data latch to store the
PC bus data. At that
point, the 11000 is
finished using the expan-
sion bus. and it places the data,
address. and SEND pulse on the
interface cable that is going to
the peripheral. The SEND pulse
is sent along as confirmation
that the data and address infor-
mation is valid. Approximately
750 nanoseconds later, the
11000 sends a 500-nanosecond
peripheral WRITE pulse. By the
time the WRITE pulse reaches the
peripheral, the data. address,
and SEND pulses have tinished
any ringing associated with par-
allel interfacing. Additionally.
each of the signals mentioned
are terminated and buffered on
the 11000 and at the peripheral.
That defeats any error and noise
(reflection. bounce, and
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FIG. 1—1000 BLOCK DIAGRAM. This interface will let your PC communicate with the
test equipment we’ll be working on in future articles.

crosstalk) problems commonly
associated with parallel data
transfer. The peripheral re-
sponds to the WRITE pulse by
storing the data byte (po-bp7)
within the location dictated by
the address information (Ao—a4)
that it received.

Receiving a byte

For the following example. we
will execute the line of BASIC:
A=INP(768) : A=INP(768) :
PRINT A. When the ADDRESS
ENABLE (AEN) and the PC’s READ
(RD) lines are low, the card-ad-
dress section once again goes
low, and the send and address
information is sent to the pe-
ripheral. A READ pulse is sent to
the peripheral 500 nanosec-
onds later. which causes the pe-
ripheral to send the databack to
the 11000. The data from the pe-
ripheral is stored in the 11000
250 nanoseconds later. The sec-
ond input statement moves the
data from the 11000 to the varia-
ble (A). Finally. the byte is dis-

played on the PC’s monitor.

Control register enable

The 11000 has the ability to
talk to 32 locations within 256
peripheral devices. That tre-
mendous flexibility is accom-
plished through the use of the
control register. When the 11000
is set to abase address of 768, it
is actually active from 768 to
799, and covers 32 addressable
bytes. If we say that the variable
“bas” is equal to 768, then one
[1000 can cover bas +0 (768) to
bas+ 31 (799). Within the
[1000, bas + 31 has been de-
coded to a single line. In other
words, when an “out” is sent to
bas + 31, the CREN line goes low.

When the CREN line goes low,
any peripheral attached enters
a comparator mode. While in
that mode, each peripheral
compares the information on
the data bus with it's own hard-
wired identification byte. If they
match, that peripheral will at-
tach itself to the data bus. In a

peripheral where the bvtes do
not match, that peripheral will
ignore or disconnect itself from
the data bus. Once a peripheral
has been called. it continues to
be connected to the data bus
until another bas + 31 activates
a different peripheral.

Suppose peripheral 1 is an A/
D converter with a unit address
of O and peripheral 2 is a capaci-
tance meter with a unit address
of 4. An “out bas+ 31,0” would
select the A/D converter unit.
The A/D would not actually do
anything other than connect to
the bus. After that, outs and ins
to addresses between bas+0
(768) and bas + 30 (798) would
cause the A/D peripheral to per-
form its job. An “out bas - 31.4"
at this point would remaove the
A/D converter from the cable
and connect the capacitance
meter. Again, outs and ins in
the range bas+0 to bas+30
would control the instrument
selected.

Finally., an “out bas+ 31,99”
would disconnect both of the
peripherals from the interface
cable. That occurs beeause
there is no device currently con-
nected with a hard-wired identi-
fication byte of 99. The data bus
is eight bits wide, so 255 (28)
different peripherals can be ad-
dressed. Leaving bas + 31 for ad-
dressing different units, 31
addresses (0—30) remain for ac-
cessing ICs within each unit.
The total number of locations
accessible by one 11000 is 7936
(256 % 31).

Detailed operation

Take a look at the timing di-
agrams in Figs. 2 and 3 and the
schematic in Fig. 4. A 74L5688
8-bit magnitude comparator
(IC1) compares DIP switch Sl%s
settings to the address present
at address lines as-a9 (P1, pins
A22-A26). It also checks to see
that WrR and AEN are low. When
those conditions are met. IC1
pin 19 goes low, telling the 11000
that it has been selected by the
CPU. Address lines ao-as4 (Pl
pins A27-A31) are connected to
IC10, a 74LS573 address latch.
When pin 19 of IC1 goes low, it
causes pin 6 of IC2-b (a 74L5S86)
to go high, latching the address
information into IC10. When
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FIG. 3—11000 READ, or “in” timing sequence.

the wr and EN pulses at the in-
puts of IC3-a{a 74LS32) go low,
the output of IC3-a does the
same. That causes the output of
IC2-c to go high and moves
po-D7 data from the PC into
data latch IC4.
Components [C6-IC9
(74HCT221's) are rising-edge
triggered monostable multi-
vibrators (one-shots) triggered
by rising pulses. After approxi-
mately 500 nanoseconds, the
wr and EN pulses return to their
inactive high state and, as a re-
sult, the output of IC3-areturns
to a high state. The rising edge
produced by IC3-a triggers IC9-

b and IC6-a. The WEND pulse,
generated by IC9-a, when anped
with the REND pulse, produces
the SEND pulse. The SEND pulse
tells the peripheral that the bus
information is valid. The WEND
and SEND pulses also enable
IC10 and IC4, allowing Ao-A4
and po-D7 onto the peripheral
buses.

At the same time IC9-b is trig-
gered. IC6-a is triggered, pro-
ducing a 750-nanosecond delay
pulse. As IC6-a times out. it
triggers 1C6-b, which produces
a 500-nanosecond WR pulse
that is centered within the 2-ps
SEnD timing window. The wr

and SEND pulses pass through
IC13, a 74LS541 line driver/
buffer. The Wr pulse is reshaped
by R9 and C30 to a waveform
more suited to a long cable with
inductive reactance. The SEND
pulse is similarly reshaped by
DIP resistor R10 (pins 6 and 11)
and C27. During a WR
operation, the data lines po-nD7
are conditioned by Rl11, RI16,
and C31-C38 on the way to the
peripheral device. The address
lines at the output of IC10 {a0-a4)
are conditioned by R10 and
C22-C26. Those address lines
and the WEND pulse are applied
to IC11, a 74LS138 demultiplex-
er. If WEnD is low and the ad-
dress is equal to the base
address (768) plus thirty one (as
discussed earlier), pin 7 of IC11
goes low producing the CREN
pulse.

000 PARTS LIST

All resistors are Y-watt, 1%, unless
otherwise noted.
R1, R3, R5—1000 ohms, 5%
R2, R6—4320 ohms
R4—9030 ohms
R7, R8--20,000 ohms
R9--33 ohms
R10, R11—33 ohms, 16-pin DIP resistor
R12-R14—10,000 ohms, multiturn po-
tentiometer
R15—4700 ohms, 10-pin SiP resistor
R16—2200 ohms, 10-pin SIP resistor
Capacitors
C1-C13—0.15 uF, 50 volts, monolythic
or polystyrene
C14-C21—105 pF, 100 volts, dipped
mica
C22-C29-—-1500 pF, 63 volts, poly-
styrene
C30—0.001 wF, 100 volts, ceramic disc
C31-C38--220 pF, 100 volts, ceramic
disc
C39—100 wF, 25 volts, electrolytic
C40-C45—10 uF, 35 volts, electrolytic
Semiconductors
1C1-—74LS688D 8-bit magnitude com-
parator
IC2—74LS86D quad 2-input XOR gate
IC3—74LS32D quad 2-input OR gate
1C4, IC5, 1IC10—74LS573D octal latch
IC6-1C9—74HCT221D dual one shot
IC11-—74LS138D demultiplexer
1C12—74LS08D quad 2-input AND gate
1C13—74L.S541D octal buffer
Other components
J1—Right-angle PC-mount female
DB25 connector
S1—8-position DIP switch
Miscellaneous: 11000 PC board, PC
mounting bracket and hardware with
DB25 cutout, solder, etc.

S0IUONOB|F-0IPRY ‘C664 BUNT

41



Radio-Electronics, June 1992

42

FIG. 4—11000 SCHEMATIC. The H000 can talk to 32 locations within 256 peripheral

devices to provide tremendous flexibility.
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Receiving a byte
0 When receiving a byte, IC1 op-
1500pF = erates the same as when it is
+5V f¢ ; e sending except that the RD line
+12V B goes low. The address data
€13 0 I 7 I (a0-a4) is again stored in IC10.

A:‘stv ‘ 11 7 The RD and EN pulses go low,
AN o T and as aresult IC3-b transitions
= » low. The PC then reads back the

A3 Y3

M va contents of IC5. (The informa-
] muFI+ tion read back at this point is
RN 7 L irrelevant, since information
w ve from the peripheral unit has
= 0% not reached the 11000 yet.) As
& the R and EN pulses end, a ris-
= & ing pulse edge occurs at IC3.
—tV Y . That activates IC7-a, IC8-a, and
c13 L x8 1500pF 4 IC9-a.

- o[ ]o [t 1m . | The REND pulse is produced
| by IC9-a, which, when it e
’ 0 [ Yo y a, which, w it passes
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© through IC12-d, becomes SEND.
A 500-nanosecond delay pulse
is produced by IC7-a; as IC7-a
5 12 1_)"‘*'Ao 15 times out, it triggers 1C7-b,

— ’ which produces a 1000-nanose-
13 [—) M 16 cond rRD pulse which is sent to

>
>
>

E-
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>
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PERIPHERAL ADDRESS BUS

the peripheral unit. (The SEND

[ a2

‘b
$
o

]
l
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pulse and address information

~

arrived at the peripheral 500

<
<
<

nanoseconds earlier.) Upon re-
1 16 €2 a1 ceiving the RD pulse, the pe-
ripheral sends the bo—D7 data to
the 11000 (IC8-a went active at
the same time as IC7-a, and pro-
duced a delay pulse of 750 nano-
seconds). As IC8-a times out, it
triggers IC8-b to produce a 500-
nanosecond latching pulse. The
pulse controls the Larci line of

3
)

IC5 and stores the information

R16 sent by the peripheral during
A1 iy e the (still active) 1000-nanose-
> 220pf cond RD pulse. A second identi-

, [cai g cal input statement will now

i cause IC3-b to go low. That

o 5| again activates IC5 and returns
valid data to the PC.

02 6

D3 7 11000 construction

>
>
>

DO you can either buy a PC board

<
<
<

D - from the source mentioned in

R the Parts List or make one from
e 8 the foil patterns we've provided.

Install parts on the board as
9 cas CF@Rll shown in Fig. 5. You will notice

WL
bl
[P
1 To build the 11000 interface,
e
=
e

that for many of the capacitors,
there are three holes on the

innanoeT

board, with two of them elec-

trically the same. Those two

holes are for mounting capaci-

= tors of different sizes. Use the

TO PERIPHERAL a1 pair of holes that best fit the ca-
Rt pacitors you use. Figure 6
shows a completed card.
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FIG. 5—INSTALL PARTS AS SHOWN HERE. For many of the capacitors there are three
mounting holes to accommodate different-sized capacitors.
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FIG. 6—COMPLETED INTERFACE CARD. This is installed in one of your PC’s expan-
sion slots.
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The front end

Any I11000-compatible pe-
ripheral must contain an inter-
face section to control the flow
of data and clean up any noisy
pulses. We'll call this interface
section the “front end.” The
front end will be nearly identical
for each 11000-compatible pe-
ripheral showcased in this se-
ries of articles. Each peripheral
will contain its own front end,
which will be included on the
main PC board. Although we
will not be discussing any of the
PC peripherals this month, lets
go over the operation o!f the
front end now.

As shown in Fig. 7. each front
end contains a data termina-
tion block and an address and
handshake termination block.
These sections are activated by
inserting push-on jumpers. If
the jumpers are removed, the
termination section will be elec-
trically inert. The 11000 is capa-
ble of addressing up to 256 (28)
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COMPONENT SIDE of the 11000 interface board.

peripherals. The DB-25 con-
nectors on the rear of each pe-
ripheral are simply connected

in parallel with one another. Ter-
mination of the data bus must
occur at the most distant point
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on the bus and only at that
point. If more than one pe-
ripheral were terminated at the
same place, the termination im-
pedance and its location would
be altered, thus distorting the
performance of the front ends.

After passing the active or in-
active termination section, the
data bus is attached to the Pe-
ripheral Address Comparator
(PAC) and the Bidirectional
Data Register (BDR). The PAC is
responsible for activating a pe-
ripheral called by CREN as pre-
viously described. Each pe-
ripheral’s PAC section contains
its own unique address. If, dur-
ing an active CREN pulse, the
data on the bus matches the
PAC address, the PAC section
produces a low BOARD ENABLE
handshake (BEN). That signal
and its complement (BEN) con-
nect the remainder of the pe-
ripheral to the data bus and
handshake lines (RD. WR, etc.).

The BDR is now capable of
passing data to, and receiving
data from, the main peripheral
circuitry. The BDR is controlled
by rRD, SEND, and BEN. Those
lines tell the BDR the direction
of data movement as well as the
timing of that movement. After
passing the active or inactive
termination section, the ad-
dress and handshake signals
enter the address and hand-
shake buffer. The signals are
rounded by the termination sec-
tions to minimize crosstalk and
other noise associated with fast
rise and fall times. The address
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FIG. 3—FRONT-END SCHEMATIC. Each front end contains a data termination block
and an address and handshake termination block that use push-on jumpers.
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SOLDER SIDE of the 1000 interface board.

and handshake buffer restores
the original fast rise and fall
times of the signals.

Sending a byte

When describing software-re-
lated functions. we’ll again use
BASIC due its wide popularity
and we’ll assume the following
initial conditions:
® The base address of the 11000
is 768 (hex 300).
® The (ront end of the pe-
ripheral has not been selected.
® The address of the peripheral
is 4.

Refer to the front-end sche-
matic in Fig. 8 and the following
source code:

10 BAS =768
20 OUT BAS+31.4
30 OUT BAS+ 2,170

Line 10 in that example as-
signs the address “768" to the

—
[ ]

....i,f.
AT
51/2 INCHES

YY)

aen

YY) X

a .....?....

variable "bas.” Line 20 causes
the SEND and CREN pulses at IC6
pins 8 and 9 to go low (refer to
the timing diagrams in Figs. 2
and 3). If the shorting blocks
have been installed at header
J2. then the RD, WR, ADDRESS,
SEND, and CREN lines are all ter-
minated. Line driver IC6 re-
stores the original wave shape
of any signals fed to it. The SEND
and CREN pulses exit [C6 at pins
12 and 11. If the shorting blocks
have been installed at J1, then
the data lines po-D7 are termi-
nated. Either way. the data is
fed to the input of latch IC1; 1C3
is inactive at this time. At atime
750 nanoseconds later, the wWRr
pulse enters IC5-a where it is
reshaped. It is combined with
the cleansed CREN pulse by IC4-
d to produce the wr-CREN pulse.

The wr-creN pulse latches the
data (a binary 4) into IC1. The

|

FRONT-END PARTS LIST

Resistors
R1—33 ohms, 16-pin DIP resistor
R2—2200 ohms, 10-pin SIP resistor
R3—1000 ohms, 10-pin SIP resistor
Capacitors
C1-C7—0.15 pF, 50 volts, monolythic or
polystyrene
C8-C11, C20-C28—1500 pF, 63 volts,
polystyrene
C12-C19—220 pF, 100 volts, ceramic
disc
Semiconductors
IC1—74L.8573D octal latch
1C2—741.5688D 8-bit magnitude com-
parator
IC3—741.8245D octal transceiver
1C4—741.502D quad 2-input NOR gate
IC5, IC6—octal buffer
IC7—74L.508D quad 2-input AND gate
Other components
J1—16-pin male header
J2—18-pin male header
J3—Right-angle PC-mount male DB25
connector
Miscellaneous: 17 shorting blocks (for
J1 and J2), solder, etc.
Note: The following items are avail-
able from TSW Electronics Corp.,
2756 N. University Drive, Suite 168,
Sunrise, FL 33322 (305) 748-3387:
e 11000 kit—$65.00
e 11000 PC board only—$35.00
® 11000, assembled and tested—
$77.00
e 6-foot interface cable (DB-25-6)—
$12.95
Add $3.00 S&H for each order. Send
check or money order onty.

binary 4 appears at the output
of IC1 and, subsequently, at the
input of IC2, an 8-bit magni-
tude comparator. The magni-
tude comparator (IC2) com-
pares the byte fed into it from
IC1 with its hardwired address
(see the IC2 address-configura-
tion chart contained in Fig. 8).
If the two bytes match, pin 19 of
12 goes low (BEN). BEN is then
combined with SEND by IC4-b to
produce the ouUTPUT ENABLE
control line signal (OE) used by
IC3, which {ransfers all the data
to and from the peripheral.

When BEN is high, IC3 is inac-
tive. The BEN line (BEN's compli-
ment) is produced at IC4-c and
enables or disables the chip-se-
lect section in the peripheral cir-
cuitry.

The BEN and BEN lines are the
primary lines that determine
whether a peripheral on the bus
is active or dormant. The direc-
tion pin on IC3 (bik) is con-
trolled by the b pulse. The RD
pulse is high during a write op-

SOILIOI0B(F-0IPRY ‘2661 dUNI

47



.u:‘ m
s Z
§ ©
=

Q
&

Your Ticket To

SUCCESS

Over 28,000 technicians have gained admit-'
I tance worldwide as certified professionals.
I Let your ticket start opening doors for you. I

l ISCET offers Journeyman certification in I
Consumer Electronics, Industrial, Medical,
Communications, Radar, Computer and
Video. For more information, contact the'
International Society of Certified Electro-

I nics Technicians, 2708 West Berry Street.

| Fort Worth, TX 76109; (817) 921-9101.|

I Name

|
|‘Address I
I City I
I State Zip I
l Send material about ISCET and I
I becoming certified. |

Send one “Study Guide for the

I Associate Level CET Test.” En- I

L closed is $10 {inc. postage).

e e— 3
Over 750,000 readers of earlier \

editions of Vee

VN2
The L
Forrest gw o
Mims T

Engineer’s |
Notebook

agree—nobody \
knows practical IC applications |
like Forrest Mims! This newly-
revised editioncontains hundreds ‘
of proven, tested circuits—hand-
drawn by Forrest —using today’s [
most popular linear, TTL, and
CMOS ICs. Forrest gives you full |
data for each device and circuit—
pin numbers, logic tables, supply |
voltages, and signal waveforms—
soyoucanquickly duplicateeach
circuit. There’s also practical in- |
formation on construction meth-
ods, troubleshooting, and inter-
facing different IC families. If you
work with ICs you gotia get this ‘
book!

Only $14.95 at bookstores or electronic |
parts dealers. Or order direct from
HighText! Add $3 shipping ($4 to Canada,
85 elsewvhere). CA please add sales tax. [
U.S. funds only please.

- 7128 Miramar Road
a8 I*Igh I ext Suite 15L

publications inc San [Nego. CA 92121

SO Smouy| SWip 1581410

Radio-Electronics, June 1992

eration, allowing data to flow
from the 11000 side of IC3 to the
peripheral side of IC3.

Line 20 in the software exam-
ple activates the peripheral by
causing BEN to transition low.
Line 30 in the software example
will not affect IC1 or IC2. As ex-
plained earlier, only an “out” to
bas + 31 will activate CREN. Line
30 will cause the following se-
quence of events: SEND will go
low. The data (a decimal 170 in
this case) will pass through IC3
to the peripheral circuitry. Ad-
dress information (a decimal 2
in this case) will pass through
IC6 to the peripheral circuitry.
At a time 750 nanoseconds
later, a 500-nanosecond WR
pulse will pass through IC5 to
the peripheral circuitry. The ad-
dress is decoded by the chip-se-
lect circuit in the peripheral
and the wr pulse is then routed
to the addressed IC. Any “out” to
an address between bas + 0 and
bas + 30 will initiate the process
commanded by line 30.

Termination

The termination sections are
composed of J1, C12—-C19, R2,
J2, C20-C28, and R3. Those
sections provide a termination
impedance to ground as well as
an R-C time constant. The ter-
mination impedance reduces
the reflected signal caused by
the inductive and resistive
properties of the six-foot cable.
The R-C time constant slows
down the rise and fall times of
the signal in the cable, thus re-
ducing crosstalk. As stated ear-
lier, the original transition
times are subsequently re-
stored.

Receiving a byte

As we describe how the front
end end receives a byte from the
11000 interface, let’'s assume the
following initial conditions:
® The base address of the 11000
is 768 (hex 300).
® The front end of the pe-
ripheral has been activated at
an earlier time.
Next refer to the following
source code:

40 A=INP(BAS + 3)
50 A=INP(BAS + 3)
60 PRINT A

Lines 10-30 are assumed to
have been executed previously.
Therefore, our theoretical pe-
ripheral has already been se-
lected (activated). Line 40 pro-
duces a read function as
described earlier. The SEND
pulse goes low. The address
lines (ao-a4) function as they
did during the write function.
At a time 500 nanoseconds
later, a 1-ps RD pulse is received
by the front end. It is reshaped
by IC5-c and IC5-d. The RD pulse
passes through IC7-d to IC3 pin
1. The peripheral side of IC3 be-
comes an octal input while the
11000 side of IC3 becomes an
octal output.

The RD pulse arrives at the
read chip-select section of the
peripheral circuitry. The RD
pulse, in conjunction with the
address lines, cause the target
IC to place its byte onto the bus.
The transmitted byte passes
through IC3 to the 11000 where
it is latched. A data bus direc-
tional delay (DBDD) is provided
by IC5-e-IC5-h in combination
with IC7-a-IC7-d.

The DBDD provides a delay
after the read cycle has finished
before returning IC3 to its nor-
mal “output” configuration.
That prevents IC3’s peripheral
side from going into its low-im-
pedance state before the IC that
was just read is able to de-acti-
vate. Line 50 causes the byte
latched in the 11000 to be sent to
the PC where it is stored under
the variable “A.” Line 60 prints
the value contained in variable
“A” on the screen.

As mentioned before, there's
no separate front end PC board;
each peripheral contains its
own front end. Next month
you'll see the front-end parts in-
stalled on the first peripheral
board we’ll work on: the T1001.
That peripheral contains a 100-
MHz frequency counter for dig-
ital signals, a period event
meter, and a capacitance meter
covering 1 picofarad to 10,000
microfarads. Other PC-based
test instruments that we will
build in future articles, include
a logic-IC tester/identifier, and
an A/D-D/A peripheral that can
also be used as a low-frequency
8-channel digital storage os-
cilloscope. R-E
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THE MEASUREMENT AND CONTROL
of temperature is one area in
which electronics has had a
great impact. From “set back”
home thermostats to laboratory
controliers with =0.001-degree
accuracy and digital fever ther-
mometers, the use of elec-
tronics has all but eliminated
mechanical systems.

Many methods are used for
measuring and controlling tem-
perature, including the expan-
sion of mercury or alcohol, bi-
metallic strips, thermistors,
silicon sensors, and thermo-
couples. Each has its advan-
tages and disadvantages.

The author was recently
asked to design an inexpensive
thermostat to replace some old
bi-metallic-type thermostats.
The new thermostat had to
meet the =5°C accuracy of the
bi-metallic strips, havea — 50 to
+150°C range, and cost less
than twenty dollars. A simple
solid-state thermostat was the
only solution.

Whether you're trying to keep
a fish-tank temperature to with-
in 1°C, maintain working tem-
perature for PC-board etchant,
shut down an overheated ampli-

fier, or turn on cooling fans,
you'll find that this simple solid-
state thermostat will do the job.
Note that this project is only a
controller, so you must supply
the heater (or cooler), a suitable
relay, and a temperature-mea-
suring device for calibration.

Looking around

Before anyone decides to de-
sign and build something, it
pays to have a look around to
see what's available on the mar-
ket. First there’s the Radio-
Shack Thermometer/Controller.
Total cost (with switches, etc.) is
about twenty eight dollars. The
temperature range is —40 to
+50°C (—40 to +122°F), and it
has a digital readout and tem-
perature memory. So far so
good—if the temperature range
suits your needs. Maximum
measurement speed is once per
second. However, the real draw-
back is that if the temperature
limit is exceeded, the output
goes high for one minute; dur-
ing that time period the temper-

This solid-state thermostat
i can replace those old
mechanical units—at
a cost of less than
twenty dollars!

e

RODNEY A. KREUTER i

S R L

ature is not measured!

National Semiconductor has
been making a number of temp-
erature sensor/controllers for at
least 15 years. The LM3911
(—25 to +85°C) and the LM35
(—55 to +150°C) are two exam-
ples. They are easy to work with,
but they are more difficult to
find and ones with a large tem-
perature range aren’t exactly
cheap.

Sensors are also made by Lin-
ear Technology (the LM134 with
a —55 to +125°C range) and
Analog Devices (the AD590 with
a —55 to +150°C range) as well
as dozens of others. The only
catch, besides availability, is
that they are precision sensors
meant to measure as well as
control temperature. They are
also quite expensive.

Complete controllers are also
made by other companies such
as Omega, but the cost is about
the same as a cheap personal
computer. That is due partly to
super accuracy and digital tem-
perature readout.

$01U0I}98|3-0IPRY ‘2664 BN
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Rollin’ your own

When so many people are
making temperature sensor/
controllers. why build one from
scratch? There are two basic
reasons:
® Commonly available parts
can be used.
® You can control such param-
eters as accuracy and tempera-
ture measurement bandwidth.

Theory of operation

If a constant current is
passed through an ordinary sil-
icon diode. the voltage across
the diode will be a function of
temperature. There are more
accurate ways to measure and
control temperature, but at
twenty for a dollar you can’t beat
the price. and control accuracy
of +0.5°C is typical.

The actual voltage across the
diode with 1 milliamp of current

passing through itisabout 0.75
volt at —50°C and 0.35 volt at
150°C. That works out {o about
2 millivolts per °C. Although a
controller could be made to
work at that level. a little ampli-
fication makes things much
simpler.

The schematic of the control-
ler is shown in Fig. 1. Tran-
sistors Q1 and Q2 make up the
I-milliamp constant-current
source for the temperature-
sensing diode, D1. The base-
emilter junction of Q1 is used to
temperature-compensate the
base-emitter drop of Q2. The
1.25-volt reference of the LM317
regulator appears across re-
sistor R4, keeping the emitter
current (and therefore the col-
lector current) of Q2 constant at
about 1 milliamp. The actual
amount of current isn’t nearly
as critical as the fact that the

12-VOLT
AC INPUT

3
; {vi
+

current remains constant.

Differential amplifier IC1-a
serves two purposes. The first is
to subtract a DC voltage from
the temperature-sensing diode
D1. Thats necessary so that a
DC amplifier can be used to am-
plify the signal from D1 without
saturating. The signal is also in-
verted by ICl-a so that an in-
crease in temperature produces
an increase in voltage.

Op-amp IC1-b is configured
with a gain of 11 (1+RI11/R10).
That makes the job of com-
parator IC1-d easier.

The temperature set point is
controlled by resistor R15 and
buffered by ICl-c. Note that by
changing the values of R14 and
R16 you can restrict the control
range. making it easy to vary
the set point in very fine steps.
Using the values shown, control
is adjustable from about — 50 to

TEMPERATURE
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FIG. 1I—CONTROLLER SCHEMATIC. if a constant-current is applied to a diode (D1 in
this case), the voltage across the diode will be a function of temperature.
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+150°C. With that much range,
a small movement of a single-
turn potentiometer will produce
a large change in the set point.
A ten-turn potentiometer would
be a better choice for a large-
range thermostat. Table 1
shows recommended values for
R14, R15, and R16 for smaller
temperature ranges.

Comparator IC1-d compares
the set-point voltage with the
output voltage of ICl-c. If the
voltage at TP3 is greater than
TP4. the output of the com-
parator will be low, thus shut-
ting off transistor Q3. If more
heat is needed, the voltage at
TP3 will be less than TP4 and
the comparator output will go
high, turning on Q3.

Resistors R18 and R19 pro-
vide some hysteresis. Providing
a small amount of hysteresis in
a comparator ensures a smooth
transition from one state to the
other. Although it limits the ac-
curacy somewhat, the benefits
far outweigh the disadvan-
tages. Without hysteresis, the
output of the comparator would
dither, or oscillate from one
state to the other when the in-
puts are about equal. Imagine
ordering an oil-burning furnace
to turn on and off a thousand
times a second!

The amount of hysteresis can
be controlled by resistors R18
andR19. Decreasing R18 will in-
crease the hysteresis and cause
a greater temperature variation
in the controller. For example,
using the highest resistance,
the temperature window might
be 0.5°C. At the lowest, it might
be 3°C.

The output of the controller
can control a conventional or

solid-state relay. A solid-state re-
lay is preferable since its re-
liability is much greater than
that of a conventional relay. (If
you'd like to build your own sol-
id-state relay, see Radio-Elec-
tronics, May 1992.) Any relay
rated from five to twelve volts
will work if you connect it to the
positive side of C1 through the
appropriate resistor. That re-
sistor value can be obtained by
dividing the voltage drop re-
quired by the current con-
sumed by the relay. If a
conventional relay is used. a
snubbing diode such as a
IN4002 should be used to pro-
tect @3 when the relay turns off.

Construction

Any method of construction
can be used since there is
nothing critical about the cir-
cuit layout, but it will be easier
using a PC board made from the
foil pattern we've provided or
one purchased from the source
mentioned in the Parts List. Do
not substitute another reg-
ulator for the LM317. In addi-
tion to providing a regulated
voltage, the LM317's 1.25-volt
reference is used to operate the
constant-current source for di-
ode DI1. Figure 2 shows the
parts-placement diagram.

Twelve-volts AC can be sup-
plied from just about any trans-
former since only a few milli-
amps are required—not count-
ing the relay current. Relay
current of up to 100 milliamps
can be handled by Q3.

The temperature probe can be
made of metal or glass. The di-
ode is so small that it can be put
into standard glass tubing and
sealed with RTV (room-temper-

TABLE 1—RESISTOR VALUES

Temperature Range
(Degrees C) R14
-50to —30
-30to —10
1010 15
15to 35
35to 55
5510 75
7510 95
95to 115
11510 135
135to 155

R15 R16
10K 1K 33002
9.1K 1K 1.2K
8.2K 1K 2.2K
7.5K 1K 3.3K
6.2K 1K 4.3K
51K 1K 5.1K
4.3K 1K 6.2K
3.3K 1K 6.8K
2.2K 1K 8.2K
1.2K 1K 9.1K

P
LED1 @,. -
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T R“Jl | +s
B3 a2 B +
g1 b Ay ="
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FIG. 2—PARTS-PLACEMENT DIAGRAM.
Any method of construction can be used,
but it’s best to use a PC board. You can
make one from the foil pattern we’ve pro-
vided or buy one from the source men-
tioned in the Parts List.

FIG. 3—THE TEMPERATURE-SENSING
diode can be sealed in a length of glass
tubing and sealed with RTV silicone. You
must use a shielded cable between the
probe and the measuring circuit.

-25/8 INCHES-

FOIL PATTERN for the solid-state ther-
mostat shown actual size.

ature vulcanizing) silicone.
Coating the diode with RTV sil-
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icone might also work although
the thermal time constant
would probably increase using
that method. You must use a
shielded cable between the
probe and the measuring cir-
cuit. Figure 3 is a close-up view
of the probe assembly with the
diode installed in a length of
glass-tubing.

The printed circuit board is
designed to accept two different
trim potentiometers, hence the
four holes instead of three. If
you must adjust the tempera-
ture often. you might opt to run
wires from the PCB to standard-
type potentiometers. Figure 4
shows the author’s completed
prototype.

Testing

You should first test the 1-
milliamp current source. If the
voltage across R4 measures
about 1.2, you're in business.

B

Placing a milliammeter in series
with DI can confirm that.

For the purposes of testing.
its handy to replace D1 with a
1K potentiometer. Since a con-
stant current of 1 milliamp is
flowing through the resistor. a
voltage from O to 1 volt can be
obtained depending on its set-
ting. Of course that range is too
much since the diode voltage
varies only from about 0.8 volt
at —50°C to about 0.3 volt at
+150°C.

First measure the voltage
from pin 3 of IC1 to ground. It
should be about 0.55 volt.
Using the 1K potentiometer. ad-
just TP1 for the voltages shown
in Table 2, and make sure the
TP2 and TP3 voltages agree with
Table 2 for each voltage at TP1.
Next check the temperature set-
point range. Measure the volt-
age from TP4 to ground; with
the potentiometer set at the ex-

FIG. ——THE AUTHOR'S PROTOTYPE. If you will need to adjust the temperature often,
run wires from the PCB to standard-type potentiometers.

TABLE 2—TEST-POINT VOLTAGES

Approximate
Temperature TP1
(°C)
0.300
150 0.350
0.400
0.450
0.500
50 0.550
0.600
0.650
0.700
0.750
50 0.800
0.850

TP2 TP3
0.766 8.38
0.717 7.84
0.665 7.28
0.616 6.74
0.566 6.81
0.515 5.63
0.465 5.08
0.415 4.54
0.364 3.97
0.315 3.43
0.263 2.87
0.212 2.31

PARTS LIST

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

R1—100 ohms

R2—750 ohms

R3, R10, R12, R17—10,000 ohms

R4—1200 ohms

R5—1000 ohms

R6, R7, R11—100,000 ohms

R8—1 megohm

R9—56,000 ohms

R13—2200 ochms

R14—1500 ohms (see text)

R15—10,000-ohm potentiometer
(see text)

R16—330 ohms (see text)

R18—1-megohm potentiomater

R19—470,000 ohms

Capacitors

C1—470 uF, 25 volts, electrolytic

C2, C4—10 uF, 16 volts, electrolytic

C3—0.1 pF, Mylar

Semiconductors

IC1—1.M324 quad op-amp

IC2—L.M317L voltage regulator

D1, D2—1N4148 diode

LED1—light-emitting diode, any
color

Q1, Q2—2N3906 PNP transistor

Q3—3N3904 NPN transistor

BR1—50-volt bridge rectifier

Miscellaneous: 12-voit AC power
supply, PC board, glass or other
similar tube for temperature
probe, RTV cement, wire, solder,
etc.

Note: The following items are
available from Q-Sat, PO Box
110, Boalsburg, PA 16827:
® PC board (Temp-PCB)—
$7.00 postpaid
® All parts (including PC
board) except 12-volit trans-
former (Temp-KIT)—$18.00
postpaid

Pennsylvania residents please
add 6% sales tax.

treme counterclockwise posi-
tion, TP4 should be about 0.31
volt. Clockwise. it should be
about 8.88 volts.

If the testing works out,
you're ready for the real test.
With R15 set counterclockwise
and the temperature-sensing
diode at room temperature,
LEDI (and Q3) should be off.
Turn R15 slowly clockwise until
the LED comes on. Now heat the
diode with a soldering iron or
match: the LED should go off. If
everything is allright. the final
step is to calibrate the controller
with an accurate temperature-
measuring device. R-E



EDGARDO PEREZ

BANDWIDT!S OF THE LATEST MONO-
lithic video amplifiers have now
reached 600 megahertz. That
performance has been achieved
in differential two-stage video
amplifier IC’s because of re-
cently introduced vertically in-
tegrated PNP structures. These
new products have pre-empted
earlier, more mature video amp-
lifiers. including the 592 and
733, from many new designs.

Nevertheless, the 592 and
733, introduced in the early
1970% for such applications as
tape- or disk-memory read am-
plifiers remain versatile devices.
Leading-edge video amps in
their day, they offered typical
differential voltage gains of 400
and adjustable pass bands.
Moreover, neither required fre-
quency compensation. The typ-
ical bandwidth of the 592 is 90
megahertz while that of the 733
is 120 megahertz. Risetime on
the 733 is 2.5 nanoseconds,
and typical propagation delay
time is 3.6 nanoseconds.

Originally developed by Fair-
child as the wA592 and pn733,
the parts were second sourced
by IC suppliers including
Motorola, National Semicon-
ductor, Signetics, Texas Instru-
ments, and VTC Inc. They were
redesignated by those manufac-
turers with their prefixes such
as MC1733, LM592, SE592,
