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Professional Power
at a hobbyist price.

That has been our philosophy at MicroCode
Engineering since 1987. So it’s no surprise
that CircuitMaker and TraxMaker are the
leading software tools for affordable, easy-to-
use circuit design, simulation and PCB layout.

QUICKLY DESIGN analog, digital or mixed
analog/digital circuits with CircuitMaker’s
advanced schematic features. You fully control the
wiring, device placement, annotation and colors.
And the Symbol Editor and macro features let vou
create unlimited custom devices and symbols.

SIMULATE and ANALYZE what you create —
try all the “what if” scenarios with:

Al

CircuitMaker®

— schematic capture
and simulation

* Fast, proven 32-bit SPICE 3f5/XSpice simulator

True mixed analog/digital simulation

* Fully interactive digital logic simulation

* 4,000-device library

* AC Frequency Analysis

* DC Operating Point Analysis

» DC Transfer Function

 Transient Analysis

* Step Function — step component values and
sources over a user-definable range

TAKE MEASUREMENTS at any point in the circuit with a click of the
Probe tool. Results appear immediately on virtual instruments like the Digital
Oscilloscope, Curve Tracer, Digital Multimeter and Bode Plotter. No other
simulator lets you take measurements as quickly and easily as CircuitMaker.

COMPLETE the design process with TraxMaker, a professional printed

~ circuit board layout program with built-in autorouter. Import netlists from
o==x r CircuitMaker and other schematic programs, or design boards from scratch.
Efe—iH ¢ |
% = I 7 3 2 * Includes autorouter, auto component placement and Design Rules Check
ol e b * Supports up to 8 copper layers, board sizes up to 32 x 32 inches
= = e i T B * Surface mount and through-hole components from a customizable library
B wetwer frvm 3} T & ot  OQutputs your PCB as a Gerber file, Excellon N/C drill file, and prints to
= ddlwe? [Nousd Routr Parces T Dudl Su e _.l p y .
= O T v = p any Windows-selectable printer or plotter
r\ BN Molaed [uooms 3] gu;-:nm e [
il e e 11 D 5 RELY ON free technical support from qualified engineers. And every
& F Chowe: 2Vl wawtes 5 | ] ) wl
Mol 5 ows som | Eavexd - waww [ 1| MicroCode product is backed by our 30-day Money-Back Guarantee if it
(] o g~ TER Sl r_":! does not live up to your expectations.

CircuitMaker version 5 $299
TraxMaker Version 2 $299

CircuitMaker Design Suite™
(CircuitMaker and TraxMaker) $549 |

Call 800-419-4242 for more
information and free demos

(or download from www.microcode.com)
CIRCLE 171 ON FREE INFORMATION CARD

MicroCode Engineering Inc ¢« 927 W. Center St » Orem, UT 84057 * 801-226-4470 * Fax: 801-226-6532 ¢ Email:sales @ microcode.com
CIRCLE 133 ON FREE INFORMATION CARD
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B ON THE COVE R - -

93 BuiLo THE DaTA MONITOR

In the lab, on the workbznch, or around the house, there
| are many instances where we need to gather information
| over a period of time. The traditional approach is to use

a computer to first
collect that informa-
tion, and later to
analyze it. But is it
really a good idea to
. tie up an expensive
piece of hardware like
1 a computer for hours,
‘ days, weeks, or even
‘\ longer? Of course not,
| and thanks to the Data
' Monitor there is now a
’ better, lower-cost way
to perform the infor-

HOW TO REPAIR CD DISCS
L1

Gather data in the lab,
the workbench, or ar|
the house, without tyl
up your computer

Experience Ihe

Fechner

perceive colors

Using Technology ln

Fight Crime

Wew advances are hetging Jaw-
£nlorcement adenties find criminals.
3ton Lerrorists, and, gather evidence

esloring 2

“Reel” Recorder

eturn your treasure 1 15 original glory

: mation-gathering part of the task. What's more, through
‘ the use of simple plug-in modules, it can be configured
to handle virtually any data-collecting application.

‘ — Jon Varteresian
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] As a service to readers, ELECTRONICS NOW publishes available plans or information relating to newsworthy products, techniques and scientific and technological

ProToTYPE
Using
technol-
ogy to
fight crime
and
terrorism
a camera
on a chip, geothermal heating,
and more.

ExPERIENCE THE FECHNER
PHENOMENON

Astound your
friends and
family when
you conduct
! this simple
~ workbench
experiment
that explores 1
how we perceive colors.
— Dave Sweeney

RESTORING A “REEL” \
RECORDER

This month

we show you
how to return
your treasure
to its original

glory
— Phil Van Praag

. developments. Because of possible variances in the quality and condition of materials and workmanship used by readers, ELECTRONICS NOW disclaims any {
responsibility for the safe and proper functloning of reader-built projects based upon or from plans or information published in this magaz:ne. {

I Since some of the equipment and circuitry in ELECTRONICS NOW may relate to or be covered by U.S. patents, ELECTRONICS NOW 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 consuit a

patent attorney.

| ELECTRONICS NOW, (ISSN 1067-8294) April 1998. Published monthly by Gemsback Publications, Inc., 500 Bi-County Boulevard, Farmingdale. NY 11735-3931.

Periodicals Postage paid at Farmingdale, NY ard additional malling offices.
year subscription rate U.S.A. and possessions §19.97, Canada $27.79 (inc!
other countries $28.97. All subscription orders payable in U.S.A. funds only,
$4.50. © 1998 by Gernsback Publications, Inc. All rights reserved. Printed in U.S.A.

POSTMASTER: Please send address changes to ELECTRONICS NOW, Subscription Dept., Box 55115, Boulder, CO 80328-5115.

Canada Post IPM Agreement No. 334103, authonzed at Mississauga, Canada. One-
udes G.S.T. Canadian Goods and Services Tax, Registration No. R125166280), all
via international postal money order or check drawn on a U.S.A. bank. Single copies

A stamped self-address envelope must accompany alf submitted manuscripts and/or artwork or photographs if their return is desired should they be rejected. We

} disclaim any responsibility for the loss or damage of manuscripts and/or artwork or photographs while in our possession or otherwise. {
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BuiLD THIS PERSONALITY
MoODULE FOR YOUR DATA
MoONITOR

Put your Data Monitor to work
with this general-purpose 1/O
module that can accept both
analog and digital data, and
includes a temperature
sensor. — Jon Varteresian
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National Instruments virtual
digital multimeter.

SERVICE CLINIC

How to “repair” CD and CD-ROM
discs, and an introduction to
repairing CD players and CD-
ROM drives.

— Sam Goldwasser
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Stayin’ Alive: The great Pilot Plot. —

Jeff Holtzman
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T5MHz
Barebones Pentium® System

Monitor.
video card

and hard

drive not

included
L
= et
e

16MB of RAM upgradeable to 128MB
256KB cache RAM, upgradeable to 512K
Hard disk and floppy /0 controller card
Four exposed bays (two 5.25°, two 3.5%);
one internal 3.5" bay

= Includes keyboard, mouse and cables

+ 3.5 floppy drive

« Four PCI slots and three ISA slots

Part No. Description Price

146499 75MHz Pentium® Sys. [T $299.95

MY Embedded CPU Card
for Intel Pentium® Processor

“ s o .

lndus try W|de compahhlhtv

« Microprocessor: Intel Pentium”
75/90/100/133/166MHz—not inctuded

» System memory: 8-128MB

= Cache size: pipeiined burst sync/async
cache module slot, up to 512KB

= 128KB Award licensed BIOS

« Two serial ports, one multi-mode parallel

* Two PCI IDE ports, up to 4 IDE drives

= Watchdog timer: 0.5/1/2/4 sec time-out
period setectable

Part No. Description

149286 Pentium embedded MB.........

== PCI /0 Cards

« PCl bus
« PnP ready
= Software support
for DOS,
Windows" 95,
NT4.0 .
« One-year warranty
Part No. Description
146675 1 parallel, 2 serial ports
146659 1 serial port .. .

Price
$329.95

Price

148667 2 serial ports . ... 129:95
146691 1 parallel port ... .. ..99.95
146683 2 parallel ports ... 129.95

Component Cabinet Klts
Kits include the most ——
popular components S
with extra space for
your customized
expansion. Each kit ‘
inciudes a 20 drawer "
component cabinet.

More kits available — call Iar delails!
Part No. Description Price

84953 330 pc. 7400 series IC kit ....$159.95
84961 420 pc. 74LS series IC kit.......119.95
84970 300 pc. CD4000 series IC kit ....84.95
84988 385 pc. Linear series IC kit ....159.95
108329 540 pc. 1/8 watt Resistor kit.....29.95
81832 540 pc. 1/4 watt Resistor kit.....28.95
107879 540 pc. 1/2 watt Resistor kit.....32.95
108433 2200 pc. Electr. Hardware kit.. .39.95
81867 110 pc. Radiai Capacitor kit ......34.95
81859 320 pc. Ceramic Capacitor kit...29.95
81883 160 pc. Mylar Capacitor kit ......34.95
81841 129 pc. Tantalum Capac. kit .....49.95
82587 270 pc. Diode kit ... 39.95
82595 180 pc. Transistor kit...... .......49.95

METEX" 3'/,-Digit Digital
Multimeter

+ 312-digit LCD
(.5" high digits)

« AC voltage: 200mV, 2V,
20V, 200V, 700V ;

» DC valtage: 200mV, 2V, it s
20V, 200V, 1000V _;.-4.{,3

= AC & DC current: 20pA,
20004, 2mA, 20mA,
200mA, 2A, 20A

* Resistance: 200¢2, 2K¢2,
20K¢2, 200K, 2MQ2,
20Me2 « Input impedance. 10MQ

= Auto zeroing « One-year warranty

Part No. Product No. 1-4 5-9

27115 M3800..... $39.95 $35.95

Muscle Wires Project Book
& Deluxe Kit

Get the facts behind
the unusual proper-
ties ot Muscle Wires.
Study their uses in
heat ¢ngines, indus-
trial, medical and
aerospace applications,
electronic and mechan-
ical devices, prosthetic limbs, robotics,
virtual reality systems, and more!

« Includes Fiexinol, crimps and instructions
Part No. Description 1-4 59
141343 Muscle Wires kit .....$58.95 $53.95

ViTRAX Programmable
Controller
Control, Measurement, Data

Collection Self-Contained
Development System

A b o e
148697
Kit or Fully Assembled
« 24 dijital 1/0 lines
= Two seriai channels to 19 2K baud:
DE9 interface
« Four external interrupts for instant response
« 8KB RAM (expand to 32KB)
= 16KB EPROM space for application code
« Built-in EPROM programmer
« Optimized BASIC language in ROM—fast!
- 80 commands
- sup. fioat point, strings, integers, arrays
- interrupt service commands
- serial channel data manager and buffer
» Power: 5VDC regulated; 250mA
e Size: 45'Lx 6.5'W = One-year warranty
Part No. Description Price
148700 ViTRAX controller kit ... ..
148697 ViTRAX - assembled .
148734 A/D converter module, 10 bit, 8- ch 39 95
148726 RealTime calendar clock module... 39.95
148718 LCD interface port: 2 x 7 pin mod. .19.95
134658 Novation power supply...................6.95

JAMECO

"COMPUTER PRODUCTS
© 1998 Jameco 4/98

Order Toll Free 24-Hours E-mail: info@jameco.com
7-Days a Week!

1355 Shoreway Road
Belmont, CA 94002-4100
FAX: 1#800237¢6348 (Domestic)

FAX: 650059202503 (International) Ja i

http'//www jameco.com

mission
technology

PC-Multiscope 2

« 20MHz sampling rate; F’Eg;'m 3
10Mhz analog band- |5 ‘,‘2{ |
width; built in external | Erg,} q
trigger — =

S E

« imV/div to g ﬂyng,}
10V/div: built in N
adjustable DC #
power supply . . ]
output

« Frequency analyzer (FFT) and transient
signal modes
Part No. Description Price

142834 PC-Muitiscope 2 ... .5399.95

DATAMAN Hand-held
EPROM Programmer/

Emulator

* 512Kbits of RAM

= Supports EPROMs,
EEPROMs and Flash
memories up to 8Mbits

= Self-powered and
completely portable —
ideal for field service work

» Maximum pins: 32

Part No. Descriplion ~_Price

124003 EPROM programmer........ $749.95

Bxom). 48- B|t Digital I/0 Gard

* Low cost :
1BM
PC/XT/AT |
compatible &
DI/0card

« 48 TTL/DTL compatible digital I/O Imes
arranged into 8-bit ports

» Software programmable for inputs/outputs

« Emulates 8255 PPl mode 0

Part No. Description Price

136784 48-bit digital /0 card . ......$99.95

PARALAX A Baslc Stamps

127693

130892

Basic Stamps are small computers using a
variation of Basic, called PBASIC to control
execution of many appiications. The BS1-1C
has 8 1/0 lines, while the BS2-IC has 16 1/0
lines which can be connected cirectly to
buttons, LEDs, registers, and many other

TTL level devices. = One-year warranty

Part No. Description Price
127693 Basic stamp BS1-IC .. ... $34.95
130892 Basic stamp BS2-1C ... ... 49.95

Easy Photo Reader Scanner
« 133 dpi color
optical resolution
« Up to 1200 dpi color 1
enhanced resolution
* 24-bit true color
« TWAIN compliant
« Single pass scanning
« Photo reader with feeder 5.5° x 6*x 3",

feeds up to a 5" x 7" photo
« Easily plugs into a parallel pot
Part No. Description Price

147264 Photo scanner ...

Cali for your FREE catalog!
L =

r

= Mention
Fed®: W8  y1pi¥ars

Speciaf Prices for
ELlronics Noy

eaders. pj

Hyper Peppy
Robot Kit ‘ !

= Changes course when l

it comes in contact
with an object or hears

a joud sound
Part No. Description Price
140863 Robot kit............ EIXE $19.95
Jameco Solderless
Breadboards

« Low static plastic
body — CMOS safe
« Nickel plated clips designed
to withstand up to 5,000 insertion cycles

20773

Part Contact Size

Number  Points Lxw 19 10-49
94457 100 65x04 _ $2.49 $2.25
20600 400 4.49
136901 1,600 19.95
20669 630 4.95
20722 830 6.95
20757 1,360 10.95
20773 1,660 15.95
20790 2390 .22, 20.49
20811 3220 73x75...30.95 27.95

EDWin NC (CAD/CAE) Software

The first truly seamlessly
integrated suite of software
running in all Windows® for-
mats...simulation, schemat-
ics, and PCB design. Large
start-up libraries.

Part No. Description 1-4 5-9
141680 EDWin NC ... $149.95 $134.95

Weller 40-Watt Electronic

Soldermg Statnon
« 40 watts,
120V @ 60Hz
« Lighted on/off
switch
« Adjustable
power from l
S watts -
40 watts : _|
= Temperature is electromcally controlled
from 350°F to 850°F = UL listed
= Includes ST3 1/8" screwdriver ip, soldering
station, soldering handle and manual
Part No. Description _ Price
146595 40 watt soldering station ~ $44.95

<&B> Power Authority Il

« Master power
switch and 5
auxifliary
switch for
each outlet

« Heavy duty 8'
cord with 3 line AC protection

« Ground indicator < EMI/RFI filtering

« Static discharge piate (will eliminate
static charge once touched)

« UL approved telephone line protection

« Maximum spike current @ 96,000 amps

« UL1499 clamping voltage: 330 voits

« $15,000 connected equipment
manufacturer's warranty

Part No. Description Price

147011 Power base........ $24.95

SHARP Camera Board
Black and Whne
492(v)

Ty

output — 380
lines resolution
«1/50 to 1/1000 sec. shutter speed
*2.1mm female center positive
Part No. Description 1-4 5-9
127263 Camera board ...$129.95 $116.95

« E1A system
512(H) x

www americanradiohistorv com
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’ﬂavzlElectronics Workbench Professional 5.0

\

 Accredited B.S. Degree in

Computers or Electronics
by studying at Home

Grantham C ollege of E ngineering
| offers 3 distance education programs:

e B.S.E.T. emphasis in Electronics
e B.S.E.T. emphasis in Computers
¢ B.S. in Computer Science

Yincluded in our B.S.E.T curriculums

' -Approved by more than 200 Companies,

VA and Dantes, (tuition assistance avail.) | _

For your free catalog of our programs dial |
1-800-955-2527 '
http://www.grantham.edu

GCE

Your first step
10 help yourself
better your future!

Grantham Co//ege of Engineering
34641 Grantham College Road
Slidell, LA 70460-6815

ANTIQUE RADIO CLASSIFIED
Free Sample! .= Vaills iy
Antique Radio's ey ‘eh ;

Largest Circulation Monthly = O
Articles, Ads & Classifieds.
6-Month Trial: $19.95. 1-Yr: $38.95 (855.95-1st Class).
A.R.C., P.O. Box 802-L19, Carlisle, MA 01741

Phnone:(508) 371-0512 VISA/MC Fax:(508) 371-7129

i
e T
e i
——

CABLE CONVERTER
DIAGNOSTIC TEST CHIP

OAD FULL ACTIVATION OF CABLE CONVERTER
WE STOCK A COMPLETE LINE OF CHIPS,TOOLS,
WIRELESS QUICK INSTALL TEST BOARDS AND
DIAGNOSTIC CUBES FOR ALL CONVERTERS!
*<* ANYONE IMPLYING ILLEGAL USE WILL BE **%
DENIED SALE.WE SELL PRODUCTS ONLY1! TO
TECHNICIANS OR CABLE REPAIR FACILITIES!!
#1) IN CUSTOMER SERVICE & TECH. SUPPORT!
*ALL ORDERS SHIP WITHIN 24HRS, UPS/ FED-X.
*PRIORITY NEXT DAY SHIPPING AVAILABLE!
*SALE= BUY 5 TEST BOARDS AND GET | FREE.
*MON-FRI - BAM-TPM - SAT I0AM-2PM EST.
*WEB PAGE HTTP1//WWW,800-GOCABLE.COM

== visuaL lil.o
COMMUNICATIONS INC.

ORDERS/CATALOG 1-800-GO-CABLE
4 |TOLL FREE TECH. DEPT. 1- 888-519-TECH EST. 1976

Electronics Now, April 1998

EDITORIAL

Alphabet Soup

Last time we met, I spoke about the confusion the impending switch from NTSC
TV broadcasting to digital TV (D'T'V) was causing broadcasters and manufacturers.
Well, if these industry insiders are confused, how are ovdinary consumers, even
technically savvy ones, supposed to make sense out of the alphabet soup and multi-
ple standards that the change is engendcring?

Recognizing that, CEMA (the Consumer Electronics Manufacturers Association)

announced at the just-concluded Winter Consumer
Electronics Show (look for more coverage of that
show in our next issue) an industry-standard set of

definitions, and a logo that manufacturers can use
to certify that a TV set or other device is capable ATSC CERTIFIED
of recciving and displaying all of the ATSC PIGITAL TELEVISION

(Advanced Television Systemms Committec) video formats. Here are the dctinitions

Digital Television (D'TV)—DTV is the umbrella term used to describe the new dig-
ital-television system adopted by the FCC in December 1996.

High-Definition Television (HDTV)—HDTYV refers to a complete system or
product with the following performance attributes:
* Resolution: A vertical display resolution of 720P (720 lines, progressive scan),
1080I (1080 lines, interlaced scan), or higher.
e Aspect Rado: Capable of displaying a 16:9 image at the minimum resolution
level.
e Audio: Receives, reproduces, and/or outputs Dolby digital audio.
e Receiver: Receives all AT'SC Table-3 (digital) formats.

Standard-Definition Television (SDTV)—SDTV refers to a complete system or
product with the following performance attributes:

* Resolution: A vertical display resolution lower than that of HDTV.

e Aspect Ratio: None specified.

¢ Audio: Produces useable audio.

* Receiver: Receives all ATSC Table-3 tormats and produces a uscable picture.

The road to digital TV has lots of bumps, twists, and turns. These standardized def-
mitions and the certification program will certainly help make the trip over it at least
a little smoother. But there is still so much more that needs to be done to minimize
what's sure to be a period of great confusion among consumers.

Cad o

Carl Laron
Editor

www americanradiohistorv com
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LETTERS

SEND YOUR COMMENTS TO THE EDITORS OF ELECTRONICS NOW MAGAZINE

Seeing Red Over “Green” Cars

I read with interest your article,
“Neighborhood Electric Vehicles”
(Electronics Now, January 1998) It
was well researched as far as the differ-
ent options for locally operated vehicles
arc concerned, but I have a problem
with the term “Zero Emission.” The
more accurate term  would be
“Transterred Emission.” The Laws of
Thermodynamics do not allow “some-
thing for nothing” as we all know; how-
ever, as long as we cling to the fallacy that
these vehicles do not produce any emis-
sion, this problem will only get bigger.

As far as electrical vehicles are con-
cerned, they rank as some of the most
energy-wasting devices in use. The con-

version of heat into electricity, at best, is
50% efficient at the plant. Assuming
another 50% loss in transmission (some
say 75%), this leaves only 25 units of
energy out of 100 delivered to the charg-
er. Given that at least 10-20% of the
charger’s energy is converted into heat

Write To:
Letters,
Electronics Now Magazine,
500 Bi-County Blvd.,
Farmingdale, NY 11735

Due to the volume of mail we
receive, not all letters can be
answered personally. All letters
are subject to editing for clarity
and length.

and other losses for the high-current
charging, that reduces the amount of
delivered pawer to the battery at 20-22.5
units. Batterv technology is such that, at
best, brand new cells only deliver +0% of
the energy put in. That leaves us with
only 8-9 units actually delivered. This is
a whopping 8-9% efficiency. Electric
vehicles do get some of this back by
dynamic braking, but the returns are
minuscule.

The implications are that until there
is a significant change in the technology,
the conversion to electric cars will cause
more pollution—not less. It will only
change where the pollution is generated.

Also the introduction of a charger in
every home will boost demand for elec-

(Continied on page 26)

Easy-to-use circuit
simulation package from
the leader in electronic

prototyping.

- Designed for use
with Windows®9§

- Low Cost - $49.9§

- Design circuits
instantly while
choosing from a
complete list of
active and passive
components

- Analyze circuits

using built-in test
instruments.

Create and
Analyze Circuits

€

> INSTANTLY-
= tor only $49.95/

Drag scraen to shift schemmatie=

]
|
i
i
i

tart|[GGProtoLab 4 8 - C:\PLAB\AMP_BIP.WPF

il (Ui

S

GLOBAL SPECIALTIES

SOFTWARE

INNOVATIVE PRODUCTS. UNSURPASSED QUALITY.
1-800-572-1028 - For a demonstration, visit:
www.globalspecialties.com

Windows®Y5 is a U.S. registered trademark of Microsoft Corporation.

CIRCLE 122 ON FREE INFORMATION CARD
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Electronics Now, Aprif 1998
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READERS’

&R
&

RQUESTIONS, EDITORS’

ANSWERS

Push On, Push Off

u DPw building a project that requires poter
to toggle on and off with one pushbutron,
like the on-off button of a pocket calculator:
Is there a smuple circuit that will do this
wirhout relays, using a 6-volt buttery?
Also, is there a simgle CMOS static-
memory chip with 32K capacity in an SMT
package? Last, P unable to locate a replace-
ment part with imprints “Q576,” “MEX,”
“H3,” ina TO-220 case. I think it a Triac.
The tab is electrically isolated from all three
puas. This is for a progranmmable digital
tomer I purchased from Canadian Tire.—

M. K., Willowdale, Ont., Canada

Taking vour questions in reverse

order, the ECG 5638 is a 400-volt, 8-
ampere Triac with the tab isolated from
all of the pins; it may fill the bill. (The
gate is pin 3, the righumost pin with the
label facing you and pins pointing down.)
It this seems consistent with the way
your timer is wired, try an ECG 5638; it

may work.

For a static memory, try the Cypress
Semiconductor CY62256, documentation
is on the Web at www.cypress.com.

Now for the pushbutton question.
Calculators and electronic toys usually
use a microcontroller that has a “sleep

mode” in which it consumes very litde
power but can be awakened by a single
pulse. Since your project apparently
involves a microprocessor, you might go
at it from that angle.

Otherwise, don’t overlook the advan-
tages of using 1 mechanical roggle switch;
there are “push-on, push-off” switches
that require no special circuitry.

But if you're stuck with a single
SPST pushbutton, returned to ground,
you can still use it as an on-off power
control as shown in Fig. 1. Obviously,
the switch operates a tlip-flop. The
catch is that before entering the flip-
tlop, the signal from the switch has to be
debounced and then converted into a
clean squarewave with a fast rise time.
Debouncing is necessary because when
you press a button, the switch “bounces”
open and closed for a few milliseconds; a
tast-rising square wave is needed to trig-
ger a flip-flop properly.

The circuit in Fig. 1 solves the prob-
lem elegantly with one 4013 dual flip-flop
chip. The first flip-flop is rewired as a
Schmitt trigger to handle debouncing and
to clean up the rise time. When you press
the button, C1 discharges and the Schmitt
trigger latches low; it goes high again
when the capacitor recharges. lts output,
at pin 2, is fed to the clock input of the
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FIG. 1—A PUSH-ON, PUSH-OFF CIRCUIT. The first flip-flop is wired as a Schmitt trigger
to debounce the signal from the button (S1); the second flip-flop receives a clean signal and

toggles when the button is pushed.

+5 T_Q'15V
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1/2 9510
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FIG. 2—IF THE CONTROLLED CIRCUIT
and the controller must share the same
ground, use “high-side switching” and a P-
channel MOSFET.

second flip-flop, whose outputs swap
states every time the button is pressed.
The flip-flop operates an IRF510 switch-
ing MOSFE'T. Because the circuit is all
MOS, it consumes less than 5 microam-
peres in the “off” state.

If the controlled circuit has to share
its ground (negative) supply line with
the controller, vou can use a P-channel
MOSFET as shown in Fig. 2. This is
called “high-side switching.” Note that
the MOSFET is wired upside down
(source positive, drain negative).

A disadvantage of this circuit is that
you can’t predict the state of the flip-flop
when power is first applied. That is,
when you first connect the battery, the
device may be either on or off. At worst,
you’ll have to press the button once after
installing the batteries.

Tektronix Oracle

n In your December issue, a reader request-
ed a manual for a Telequipment D534
oscilloscope. I’ve written to him and now il
tell you what I have available. I supply man-
uals for all Tektronix and Telequipment
products from 1945 to 1990, as well as for
many older test instruments made by HI
Fluke, General Radio, DuMont, Hickock,

www americanradiohistorv com
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Ballantine, and others. 1 prefer to supply
manuals to the owners of the equipment for
their own use.

1 worked for Tek for 41 years and collect-
ed manuals and parts, which were avarlable
through their company store. Now 1 spend
bours on the phone belping people who come
to me.—Deane Kidd, W7TYR, 27270 S.W.
Ladd Hill Road, Sherwood, OR 97140.

Thanks, Mr. Kidd. That reader {and

his Tek 575 curve tracer) can person-
ally attest to your helpfulness. Vintage
Tektronix oscilloscopes are widely avail-
able at hamfests and are becoming col-
lectors’ items. Like leica cameras or
Zeiss microscopes, they're highly re-
pairable, extraordinarily well-built, and
capable of outstanding performance. If
you can get tubes, they seem to last for-
ever. 'Tektronix aficionados should also
consult the book Oscilloscopes: Selecting
and Restoring a Classic (which covers only
Tek products), written and published by
Stan Griffiths, W7NI, 18955 S.W.
Blanton St., Aloha, QR 97007

Invisible Motorcycle?

As a motorcycle videy, 1 find myself invis-

ible to many car drivers. The require-
ment for keeping beadlights on during the
day was supposed to make us more conspici-
ous, but now many cars also drive with their
beadlights on and motorcycles no longer
stand out.

There is a beadlight modulator legal m all
50 states that solves this problem; could you
tell me how to build one? The requirement is
to modulate the high beam (12-14 volts, 55
watts) 240 times a minute berween full and
20% power—R. A. H., Eugene, OR

We’ll have to take your word about

the official specifications, but the cir-
cuit in Fig. 3 will probably do what you
need. As Fig. 4 shows, it varies the
brightness of the headlight by varying
the duty cycle of a squarewave. That is,
instead of consuming energy in a resis-
tor, it switches the power on and off very
fast. Since the power is always either on
or off, little or no electricity is wasted,
and because the switching rate is so high
(5 kHz), the light-bulb filament remains
at a constant temperature and doesn’t
suffer any extra wear.

You may have to experiment with
component values to get the performance
you need. Resistor R3 determines the
brightness of the “dim” state; if you use a
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FIG. 3—THIS MODULATOR CIRCUIT makes a motorcycle headlight alternate between full
and 20% power at a rate of four times a second.
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FIG. —THE MODULATOR IN FIG. 3 VARIES the brightness of the bulb by changing the
duty cycle of a squarewave. The pulse rate in the dim state is so fast that the filament does

not flicker.

CMOS 556 (such as 7556, TLC536, or
LMCS556), it will need to be much larger.
The 4-Hz pulse rate is determined by RS
and C2. The purpose of R7 and C3 is to
protect the 556 from voltage surges.

Darkroom Timer Wanted

I have done photographic lab work both

professionally and as a hobby, and for a
long time | bave wanted to build my oun
darkroom timer to suit my own needs. Now
that electronics is a new hobby of mine, 1 am
excited about the prospect of finally doing this.

I would weally like to build an LED
timer including both minutes (up to 99) and
seconds. I need it to count down from a pre-
selected time and activate a relay to switch
an AC load.

I'm aware of the “Time-Off” project in

your sister magazine, Popular Electronics,

September, 1997. I can use it in sume lab
work, but it is not usable in the davkroom
because of the LCD display—G. A. P, Ft.
Myers, FL

Red LEDs are indispensable in the
darkroom because they’re safe for
black-and-white photographic paper and
orthochromatic film. In fact, big arrays of
LEDs make excellent safelights; there’s

www.americanradiohistorv.com

no filter that can fade, and for physical
reasons, all their light is confined to a
narrow band of wavelengths.

You might be able to add a red LED
to illuminate the Time-Off, or position
neon lamp NEI so that it illuminates the
display. In that case, use a red-filtered
neon pilot light (available at appliance-
part stores).

What you really want, though, is a
timer that was published in Popular
Electronics back in August, 1992, pp.
53-58 and 91. It uses thumbwheel
switches so you can select 0 to 99.9 or 0
to 999 seconds, and the display consists of
red LEDs. Admittedly, it doesn’t go up to
99 minutes, but 999 seconds are more
than 16 minutes, long enough for most if
not all steps in photographic processing.
All of the parts are still widely available.

Plated-Through Holes

How can [ make plated-through boles on

my two-sided printed-civcuit boards so
that 1 don’t have to solder the same bole from
both sides?—E. V., Toledo, OH

As far as we know, there is no easy
way. Plated-through holes involve
electrolysis plating with special chemi-
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HOW TO GET INFORMATION ABOUT ELECTRONICS

On the Internet: See our Web site at
http://www.gernsback.com for information
and files relating to our magazines (Elec-
tronics Now and Popular Eiectronics) and
links to other useful sites.

To discuss electronics with your fellow
enthusiasts, visit the newsgroups sci.elec-
tronics.repair, sci.electronics.components,
sci.electronics.design, and rec.radio.ama-
teur.homebrew. “For sale” messages are per-
mitted only in rec.radio.swap and misc.indus-
try.electronics.marketplace.

Many electronic component manufac-
turers have Web pages; see the directory at
http//www.hitex.com/chipdir/, or try address-
es such as http://www.ti.com and http://www.
motorofa.com (substituting any company’s
name or abbreviation as appropriate). Many
IC data sheets can be viewed online.
Extensive information about how to repair
consumer electronic devices and comput-
ers can be found at www.repairfag.org.

Books: Several good introductory electron-
ics books are available at RadioShack,
including one on building power supplies.

An excellent general electronics textbook
is The Art of Electronics, by Paul Horowitz
and Winfield Hill, avaiiable from the publish-
er (Cambridge University Press, 1-800-872-
7423) or on special order through any book-
store. Its 1125 pages are full of information
on how to build working circuits, with a mini-
mum of mathematics.

Also indispensable is The ARRL Hand-
book for Radio Amateurs, comprising 1000
pages of theory, radio circuits, and ready-to-
build projects, available from the American
Radio Relay League, Newington, CT 06111,
and from ham-radio equipment dealers.

Copies of past articles: Copies of past
articles in Electronics Now and Popular
Electronics (post 1993 only) are available
from our Claggk, Inc., Reprint Department,
P.O Box 4099, Farmingdale, NY 11735; Tel:
516-293-3751

cals and equipment, tollowed by electro-
plating, and even the protessionals con-
sider the process ditficult. But if a read-
er discovers an inexpensive way to make
plated-through holes, we’d be glad to
hear about it.

Converting Car to 12 Volts

About your conmments on converting u 6-
volt positive-ground automobile ro 12
volts, negarive ground (Sept. 1997), [ have a

Electronics Now and many other maga-
zines are indexed in the Reader's Guide to
Periodical Literature, available at your public
library. Copies of articles in other magazines
can be obtained through your public library's
interlibrary loan service; expect to pay about
30 cents a page.

Service manuals: Manuals for radios, TVs,
VCRs, audio equipment, and some comput-
ers are available from Howard W. Sams &
Co., Indianapolis, IN 46214 (1-800-428-
7267). The free Sams catalog also lists
addresses of manufacturers and parts deal-
ers. Even if an item isn't listed in the catalog,
it pays to call Sams; they may have a sche-
matic on file which they can copy for you.

Manuals for older test equipment and
ham radio gear are available from Hi
Manuals, PO Box 802, Council Bluffs, IA
51502, and Manuals Plus, PO Box 549
Tooele, UT 84074.

Replacement semiconductors: Replace-
ment transistors, ICs, and other semicon-
ductors, marketed by Philips ECG, NTE,
and Thomson (SK), are available through
most parts dealers (including RadioShack
on special order). The ECG, NTE, and SK
lines contain a few hundred parts that sub-
stitute for many thousands of others; a
directory (supplied as a large book and on
diskette) tells you which one to use. NTE
numbers usually match ECG; SK numbers
are different.

Remember that the “2S” in a Japanese
type number is usually omitted; a transistor
marked D945 is actually a 25D945.

Hamfests (swap meets) and local orga-
nizations: These can be located by writing
to the American Radio Relay League
(Newington, CT 06111; http//www.arrl.org).
A hamfest is an excellent place to pick up
used test equipment, older parts, and other
items at bargain prices. as well as to meet
your fellow electronics enthusiasts—both
amateur and professional.

1949 Ford truck on which [ bave done this. |
rvemoved the 6-volr generaror and instulled a
12-volt Delco alternator: The annueter is u
feed-through type and voltuge doesn’t matter.
Linstalled dropping resistors in series with the
gay, oil-pressure, and tentperature gauges. |
also mistalled resistors in series with the cotls of
the beadlight and horin veluys. | checked the
acctrdcy of the oil-pressure gauge by temn-
pr)n//'/{y L‘r)/met'rmg another pressive gu/tgc.
Of course, I changed all the light bulbs to
12 volrs. Lstill use the 6-volt starter; it draws
miore power on 12 volts bur still works us long
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as Ldon’t crunk roo0 long ar a time. I changed
to a 12-volt ignition coil and mstalled a
breaker-less ignition system. I'm almost 86

years old but still drive my truck every

week.

R. E. Cook, Meridian, MS

Thanks very much for sharing your

results! The values of the dropping
resistors will have to be determined
experimentally, of course, but 10 ohms
at 10 watts is a good starting point.

Emergency Alert System
and SAME

u Years ugo, I read an article, “Build a Low-
Cost Emergency Broadcast System
Monitor:” The monitor wonld detect the 85 3-
and 960-Hz tones and turn on an alarm. [
built one and verified that 1t responded to the
weekly tests. It was great for bad-weather
WIS,

Can you rell me about the new E.A.S. sys-
tern? What frequency are the toines?—L. W,
Muson, M1

The Emergency Broadcast Svstem

(EBS) goes back to the 1950s and was
originally intended to warn us of incom-
ing nuclear bombs, but authorities have
realized that it’s also useful to warn peo-
ple about tornadoes and the like, and that
is now its main use. As you noted, EBS
warnings are preceded by simultancous
853- and 960-Hz tones. They're trans-
mitted by ordinary radio and TV stations.
Meanwhile, NOAA weather stations use
a 1050-Hz tone to announce warnings,
and you can buy radios that respond to
the tone.

The new Emergency Alert System
(EAS) has now replaced EBS, although
the old tones are still transmitted for
backward compatibility. NOAA’ version
of it is called SAME (Specific Area
Message Encoding) because vou can set
your alarm to go off only when an
announced warning pertains to your
location.

FAS uses digital messages, not just
analog tones. The audio encoding is sitn-
ilar to that used by modems, but the pro-
tocols arc nonstandard (520.83 baud,
2083.3/1562.5-Hz FSK) to enhance
security (the signals can’t be faked with an
ordinary modem). There is an elaborate
code for the contents of the messages. To
decode them, you need a computer
(which can be built into a radio), not just
a tone detector.


www.americanradiohistory.com

More information about EAS can
be obtained from an article in (ST
November, 1997, pp. 50-51 (published
by the American Radio Relay League,
Newington, CT 06111); from EAS (FCC,
MS 1500C Room 736, Washington, DC
20554); and on the Web at www.fec.gov/
cib/eas.

Headphone Jack for TV

[ I bave a 13-inch color TV that has no
headphone jack, and I want to put one in
D. B,

safely. How do I do ir?—A.
Pittsburgh, PA

[ Do interested in taking the audio (mono)
from wry older TV and vunning it
through mry stereo amip and speaker systeimn.
Is there a way I can tap mto the audio out-
put stage of the TV, bypassing the speak-
er—D. S. P, Sacramento, CA

Forty years ago, when all TVs had

power transformers and audio-output
transformers, this would have been an
easy question—just replace the speaker
with an 8-ohm, 2-watt resistor and take
the audio signal across that.

Today, though, if you do that you may
be risking your life. Some TVs have a
“hot chassis” in which even the speaker is
not isolated from the AC line. Although
small audio transformers exist, they are
not necessarily safe enough to use in this
application. We consulted our TV-ser-
vice expert, Sam Goldwasser, who told us
that if the manufacturer has not already
provided an audio output, it probably
can’t be done easily and safely. In any
case, analysis of the circuit of your par-
ticular TV is required.

We have also found that the audio
quality in cheap TVs is often dreadful,
with plenty of hum, and connecting to a
larger audio system only magnifies the
defects!

Electricity and Water

Speaking of safety, we get lots of
questions about clectrically controlled
sprinkler and pump systems, which we’re

usually reluctant to answer because water
and electricity can he a dangerous com-
bination, and also because we’re not
plumbers—water systems are outside our
area of expertise.

Reader R. H. Hammett of Grandview,
MO., writes to advisc anyone cxperi-
menting with such systems te use low-
voltage, line-isolated equipment for sate-
tv's sake. He recomimends consulting the
400-page catalog of pumps, valves, and
control components published by
Aquatic Eco-Systems, Inc., 1767 Benbow
Court, Apopka, FL. 32703, As for us, we'll
stick to electricity.

Wriling to O&A

That’s all for this month. As always,
we welcome your questions; please
write to: “Q&A,” Electronics Now
Magazine, 500 Bi-County Blvd.
Farmingdale, NY 11735. The most
interesting ones are answered in print.
Please be sure to include plenty of back-
ground information (we’ll shorten your
lerter for publication). If you are asking
about a circuit, please include a complete
diagram. Due to the volume of mail, we
regret that we cannot give personal
replies.

Jake SAVINGS )
inolimerica BONDS
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~EQUIPMENT REPORT

NATIONAL INSTRUMENTS DAQMETER

4050 VIRTUAL bMM

Il
i

Turn your computer into a full-
function, digital multimeter
with storage capabilities.

CIRCLE 15 ON FREE INFORMATION CARD

N otebook computers are becom-
ing more powerful and more
affordable almost every day. It seems
likely that someday soon it’ll be a coin
toss as to whether you buy a portable TV
set or just spend a few extra dollars to get
a notehook computer that can not only
act just like a portable TV, but also as a
VCR, and much, much more.

"That said, right now notebook com-
puters are still a bit too expensive for most
of us to purchase for such casual use. But
for those who own or have access to a
notebook computer, there are hardware
and software applicadons available that
can let you use that computer in a variety
of ways you might not have thought pos-
sthle. One such application that is sure to
be of interest to readers of this magazine
comes from Natonal Instruments. Tt is
the DAQMeter 4050 digital multimeter,
which provides all the functions of a tradi-
tional DMM and adds the storage capaci-
ty and processing power of a computer.

The hardware part of the DAQMeter
comes as a PC Card for notchbook com-
puters (it is also available as a PCI or ISA
expansion card for desktop systems; while
all three versions are said to function
identically, only the PC-Card version is
reviewed here). The system requirements
are 16MB of memory and 20MB of free
disk space. The DAQMeter package
includes the PC-Card multimeter, test
leads, “VirtualBench” software, drivers,
documentation, and a nylon carrying bag;
it sells for $695. The software is provided
in Windows 3.1, 95, and N'T versions.

Specifications

The DAQMeter 4050 is a 5%-digit
virtual multimeter, or VMM, that can
measure voltage, current, and resistance.
You also get the power of data logging,
time stamping, and recallable settings.
Power consumption is about 45 mA, so
it’s not too hard on notebook-computer
batterics. The package is ideal for mak-
ing and logging remote measurements.

The DAQMeter 4050 works with AC
or DC coupling and can measure AC and
DC voltage in five ranges from 20 milli-
volts to 250 volts, AC and DC current in
five ranges from 20 milliamps to 10 amps,
and resistance in five ranges from 200
ohms to 20 megohms. The DAQMeter is
auto-ranging with 10-, 50-, or 60-read-
ings per second. AC measurements are
true rius from 20 Fz to 25 kHz. The unit
can also measure the forward voltage
drop on diodes. Current can only be
measured with an optional current-shunt
module that converts the current into a
voltage that the DAQMeter can measure
when in its voltage mode. Software then
automatically does the math and displays
the result directly as current.

Setup and Use

Setting up the DAQMeter is very easy,
once you know how it is done; a bit of
background knowledge about the DAQ-
Card product line goes a long way to
making the installation painless. For
example, none of the DAQ Cards are rec-
ognized by a notebook computer in the
traditional way—where the computer sees

the card and asks for a driver diskette. The
cards will be recognized only atter NI-
DAQ), a comprehensive driver bundle, is
installed from a CD-ROM. The single
“driver” recognizes the endre line of
DAQ Cards. Since we had already in-
stalled NI-DAQ when we reviewed the
DAQScope (see Electronics Now, Nov-
cember 1997), no additional drivers need-
ed to be loaded. In fact, no software at all
had to be installed because VirtualBench
was also already in place. A simple config-
uration utility informed VirtualBench
about the capabilitics of the card and
DAQMeter hooked right up.

As you probably inferred from the
above, VirtualBench can provide multi-
ple functions other than the multimeter.
The same software works with the oscil-
loscope card mentioned before and with
many other products in the National
lineup. However, only the mulameter
tunction is “unlocked” by the serial num-
ber provided and when the DAQMeter
card is installed. The VirtualBench-
DMM software provides a “front-panel”
display on your computer’s screen that
offers all of the controls found on a tra-
ditional DMM, but with hot-changing |
button labels and functions depending
on operating mode.

Once set up, DAQMeter is easy to |
use. You simply insert the PC Card into
a notebook-computer slot and connect
the test leads. You then run VirtualBench
and selcet the DMM function. A special
cable that connects to the DMM card
provides jacks for the test leads. The test
probes are used with plastic covers
placed over the ends to directly probe a
circuit under test. With the covers off,
the probes accept standard banana-jack
accessories including spade lugs, alligator
clips, and more.

For more information on the
DAQMeter 4050, contact the manufac-
turer directly (National Instruments
Corporation, 6504 Bridge Point Park-
way, Austin, TX 78730, Tel: 512-794-
0100; Fax: 512-794-8411), or circle 15
on the Free Information Card. [EN |
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New Technology

for Finding

Felons, Terrorists, and Evidence

convict tries to escape from

prison by hiding in a secret

compartment he built into a
truck. He is quickly detected by guards
using a device that detects his heartbeat.
Airport security detains a terrorist bent
on mayhem when he walks through a
portal that detects explosives. Crinunal
investigators easily find all the evidence
at the crime scene because it “blinks”
when they wear special glasses. These
very unique electronic technologies
being developed for law enforcement
could also find other applications.

Enclosed Space
Detection System

The Enclosed Space Detection
System (ESDS), developed by the
Department of Energy’s Oak Ridge
National Laboratory (ORNL)
Lockheed Martin Energy Systems Inc,,
can “hear” the heartbeat of someone hid-
ing in a car or truck. When the hecart
beats, it generates a small but measurable
shock wave that travels through the baody.
That “ballistocardiac” wave is transferred
to any surface or object in contact with
the body. For instance, if somebody is
hiding in a car trunk, the heart, being the
strongest muscle in the body, actually
moves the vehicle a few millionths of
an inch at the same frequency as the

FOR MORE INFORMATION

Oak Ridge National Laboratory
PO Box 2009, Bldg. 9113, MS 8206
Oak Ridge, TN 37831

Web: www.ornl.gov

and

Sandia National Laboratories
PO Box 5800

Albuguerque, NM 87185

Web: www.sandia.gov

THE GEOPHONES AND PORTABLE COMPUTER used with the Enclosed Space
Detection System (ESDS). iOak Ridge National Laboratory)

heartheat. That slight shockwave is quite
detectable.

To detect a person hiding in a vehicle
at a checkpoint, the engine is shut oft, all
legitimate occupants leave, and seismic
geophones are placed at strategic loca-
tions on the vehicle. Computerized sig-
nal processing software filters out and
discriminates between the unique beat-
ing of the human heart and other noise
and vibration, such as fuel sloshing in
the fuel tank or the contraction of the
engine as it cools. The results of the
“search” are displayed on the computer

screen. The process takes about two
minutes and has been shown to be 100%
reliable, provided the vehicle is protect-
ed from moderate to high winds.
Recently, the Oak Ridge researchers
have developed a system that uses
microwave detectors mounted to a rigid
structure, eliminating the need for the
geophones to be placed on the vehicle. As
a result, the ESDS will be even less intru-
sive and easier to usc. A prototype ESDS
was tested at California’s Centinella
Prison. When prison officials tried to
smuggle someonc past the ESDS, they

www americanradiohistorv com
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AVIAN Security System
Wabash Valley Correctional Facility, Carlisle, Indiana

COMPONENTS OF THE ESDS as installed on a system at the Wabash Valley Correctional

Facility in Cartisle, IN. (ORNL)

THIS DISPLAY SHOWS that an intruder
has been detected and a physical search is
required. (ORNL)

were quickly discovered. Other systems
are installed at the Riverbend Maximum
Security Installadon in Nashville, TN
and the Wabash Valley Correctional
Facility in Carlisle, IN. Geovox Security
Systems of Houston, Texas is planning to
market the ESDS commercially as the
AVIAN for Advanced Vehicle Interro-
gation And Notification System.

Among other possible applications,
the technology could be used to detect
illegal immigrants being smuggled into
the country or intruders trying to break
into secured facilities. In the future, it
could be used to search for vital signs of
survivors after an earthquake or victims
buried in an avalanche.

Explosives-Detection Portal
Terrorists carrying explosives have
become an all too-real real threat at air-

ports and in public buildings. A new
explosives-detection system that is being
developed by the Sandia National
Laboratory for use by the Federal
Aviation Administration (FAA) could
greatly reduce that threat.

The explosive-detection sensors are
located in a portal that looks much like
metal detector that is now a familiar
sight at airports. But rather than detect-
ing metal, it will spot any individuals
who have recently handled a wide vari-
ety of explosive chemicals. Ultimately,
the explosives-detection system will
probably be integrated with airport
metal detectors to provide a single walk-
through unit.

The explosives sensors depend on
chemical preconcentrator technology
developed as part of Sandia’ mission to
protect critical nuclear-weapons facili-
ties from would-be saboteurs. The sys-
tem is capable of detecting very small
concentrations of all explosives of inter-
est to the FAA.

The new portal sports vents and noz-
zles on its inside walls and ceiling.
Persons being inspected stand inside the
portal for a few seconds while the detec-
tor blows a quiet, gentle “puff’ of air
over them. An air sample is collected and
passed through a commercial ion-mobil-
ity spectrometer. The system’s software
recognizes the chemical signatures of a
variety of explosives.

If the system detects even a minute
concentration of explosive residue on
the skin or clothing, the quantity and
type of chemical is displayed on an adja-
cent computer screen. People that show
up positive for explosives would be fur-
ther screened to see if there are any cir-
cumstances that might explain the read-
ing. If suspicions remain after additional
screening, airport security would be
notified.

After three years of development, 2
prototype of the portal was recently
installed at a main security checkpoint at
the Albuquerque International Sunport.
"The portal is fully automated, providing
instructions such as “enter the portal,”
“turn left,” and “exit the portal”—in a
friendly male voice.

Once the tests are complete, the FAA
will use the results to determine the fea-
sibility of licensing and manufacturing
the explosives-detection portal technol-
ogy for use at airports across the coun-
try, as well in public buildings such as
government offices and courthouses.
The basic technology could also be
adapted to sniff for drugs.

Evidence Detector

“Dusting” for fingerprints and find-
ing urine and other organic evidence at a
crime scene is not easy even for experi-
enced criminal investigators. Sandia
National Laboratories is now develop-
ing an evidence-detection technique
whereby organic material would actually
blink before the eyes of crime-scene
investigators so they can locate potential
evidence quickly, even in a well-lighted
room.

Sandia’s evidence detector uses the
fact that all organic substances give off
weak fluorescent emissions that are usu-
ally invisible to the naked eye due to
interference from brighter lights. The
system is based on a heterodyning effect;
that is, the periodic dissonance hetween
two signals at slightly different frequen-
cies plus the human eye’s natural affinity
to see anything that moves or blinks.

The flashing lamp used in system is
modulated at 100-times-per-second,
which is much too fast for the eye to see.
The shutters on a pair of modified glass-
es from a 3-D video game open and close
at a slightly different frequency—102
tmes per second. That turns the glasses
on and oft at a rate that is also too fast to
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IN THE EXPLOSIVES-DETECTION POR
TAL, a “puff” of air is blown over a person
and an air sample is collected and ana-
lyzed by a spectrometer. (Sandia National
Laboratories)

be detected by the human eye making the
lenses appear transparent to the wearer.
About twice a second, the glasses’ shutter
opens at the exact moment the lamp is
on. Therefore, for a split second, most of
the background light whose wavelengths
are different than that of the lamp is
drowned out. With the background light
masked, the fluorescing organic evidence
appears to tlash so it is quite easily seen by
the eye. Invesagators wearing the special
glasses see the room lighted normally, but
more hnportant, see any organic evidence
flash a few times per seccond when illuni-
nated by the lamp.

A prototype system will be tested by
the Albuquerque Police Departiment’s
crime laboratory at actual crime scenes
to work out any bugs in the technique.
Testing will determine the type of evi-
dence it can discover as well as verify
that it can be practically used as a toal in
criminal investigations. An important
factor is that the system be affordable
enough so it can used by just about any
law enforcement agency’s criminal
investigation unit.

The technique could be especially
useful for finding semen after sexual

IN SANDIA’'S EVIDENCE DETECTOR, fingerprints and other organic evidence blink wher
special glasses are worn. (Sandia National Laboratorizs)

assault crimes because semen fluoresces
much more brightly than the oils from
fingertips. Researchers also hope to find
out if fresh fingerprints fluorescc more
brightly than “stale” organic materials.
If so, the system could be effective in
screening out evidence that is not part of
a crime.

The bad guys can cover their tracks
and stay out of sight, but thanks to these
new technologies, it is getting ever more
difficult to hide.—BILL SIURU and
ANDREA STEWART &

Camera on a Chip

An image sensor based on a comple-
mentary metal oxide semiconduc-

tor (CMQOS) technology that could
make the digital camera as inexpensive
and as comimon as a computer mouse
was recently announced by Sarnoff
Corporation. The CMOS Active Pixel
Sensor (APS) delivers nearly 100X the
dynamic range of a standard Charge-
Coupled Device (CCD) sensor, at com-
parable resolutions, far better shadow

www.americanradiohistorv com

MON SOIU0I08|T ‘G661 [Hdy

e
(3]


www.americanradiohistory.com

Electronics Now, April 1998

and highlight detail. It controls exposure
without a mechanical iris, and its on-

board electronics eliminate the need for
external analog-to-digital converters
and other circuitry required in CCD-
based cameras.

“The CMOS APS is virtually a ‘cam-
era-on-a-chip,” and we believe it will
revolutionize the way cameras are made
and used,” said Michael Ettenberg,
Senior Vice President of Sarnoff’s Solid
State Division. “Not only can it replace
CCDs in many current camera applica-
tions, it will create new applications. Its
low cost allows engineers to add vision
capability to products where it once
would have been too expensive.”

Sarnoff will license the technology to
camera makers and provide engineering
support. Two foundries to fabricate the
chip have been approved, and the com-
pany will supply design tapes for manu-
facturers who wish to produce it in other
foundries. Ettenberg foresees uses for
the CMOS APS in such products as dig-
ital still cameras, PC-based video cam-
eras, security and surveillance systems,
videophones, even toys with built-in
vision capabilities.

The Sarnoff design incorporates
breakthrough technology that virtually
eliminates the performance limitations
associated with previous CMOS-based
image sensors. Those sensors suffered
trom high levels of Fixed Pattern Noise
(FPN), which gives an image a “dirty
window” effect. In the Sarnoff design,
internal circuitry reduces FPN to less
than 0.01% of full signal, below the
threshold of visibility.

Other features include full TV resolu-
tion, video output in both analog and 12-
bit digital form, dynamic range over 110
dB to preserve image detail, low power
consumption, and compatibility with
color-filter technology.

Filtered Sunglasses

modification in sunglass filters

developed by NASA engineers may
make our skies and roads safer by help-
ing pilots and drivers see better. The fil-
ter—a low-cost, brownish, plastic mate-
rial—was originally designed to help
farmers identify diseased plants. The fil-
ter blocks much of the yellow and green
light during daylight hours, enhancing

the ability of the human eye to detect
other colors in the visible spectrum,
according to its developer Dr. Leonard
Haslim, of NASAs Ames Research
Center at Moffett Field, CA. This filter
was moditied by Optical Sales Corp.,
Portland, OR, and used in a new sun-
glass product now being marketed.

Stress in plants tends to be camou-
tflaged by the plant’s natural chlorophyll.
As a result, many plant diseases cause
irreversible damage by the time they
become evident to the eye. In the past, it
was necessary that highly-trained pro-
fessionals examine plants to detect early
signs of stress. “Now farmers can use
goggles equipped with the special filter
to locate diseased or stressed plants,”
said Haslim. “Sick leaves that appear just
a bit yellow in normal light show up a
much brighter yellow when viewed
through the filter. Conversely, healthy
leaves appear as a vivid green. If we
diminish or block a lot of the yellow-
green light that the eye normally sees,
suddenly the other colors stand out in
much greater relief.”

The filter, called the passive chloro-
phyll detector, was invented by Haslim
in 19901. The sunglass adaptation with
the modified filter was first made com-
mercially available in 1997. Government
inventions, like the NASA filter, are
often commercialized by the industry.
According to Michael Weingarten, man-
ager for business development (NASA,
Washington, DC), “NASA invests more
than $5 billion in technology develop-
ment annually. It makes good economic
sense to bring that state-of-the-art tech-
nology back to U.S. taxpayers when such
a huge investment is being made.” [

Mother Earth Warms Up
the Golden Arches

McDonald’s restaurant that opened

in the Detroit area last December
was one of the first in the chain to use the
earth for its heating and cooling needs. A
geothermal heat pump system, installed
with the help of Detroit Edison and
Electric Power Research Institute
(EPRI), the science and technology orga-
nization of the electric power industry,
will provide natural, environmentally safe
energy at reduced cost. McDonalds will

be monitoring the energy usage of the
3600 square-foot restaurant, evaluating
results, and examining the potential of
geothermal heat pump technology to
save money.

Geothermal technology can econom-
ically and efficiently use solar energy
naturally stored in the earth to heat
water and to heat or cool buildings year-
round. Geothermal heat pumps (also
called ground source heat pumps) take
advantage of the earth’s stable tempera-
ture to help keep indoor temperatures
comfortable. The system circulates
water or other liquids through pipes
buried horizontally or vertically under-
ground.

In cold weather, geothermal heat-
pumps transfer the earth’s heat through
the buried pipes into a circulating liquid,
which transfers it into the building. In
hot weather, the continually circulating
fluid in the system’s pipes cools the
building by “picking up the heat” and
transferring it into the cool earth. In
cold climates, heat pumps offer an ener-
gy-efficient alternative to furnaces and
air conditioning.

EPRI is working with member utili-
ties and their customers to incorporate
geothermal technology in many differ-
ent national projects, including Wendy’s
in New York, a Texaco gas station/mini-
mart and a Hardee’s in Oklahoma, office
buildings in Pennsylvania, and a country
club in Georgia. This technology is also
being used in historic sites such as
Colonial Williamsburg.

“EPRI’s demonstration projects pro-
vide valuable opportunities to transfer
science and technology into practical
solutions where we can learn how well
the system’s work under many different
conditions. In the process, we will devel-
op more reliable and cost-effective appli-
cations,” explained Mukesh Khattar,
Team Leader in EPRIs Customer Sys-
tems Group.

Geothermal systems reduce carbon-
dioxide emissions that contribute to
global warming. Benefits over other
heating/cooling systems include being
much quieter, and, with the heat
exchange units inside the building and
the buried pipes, greater reliability since
the system is not exposed to weather
conditions nor susceptible to vandalism.

The EPRI can be found on the
Internet at www.epri.com.
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Gleaning a Disc, Repairing

‘Scratched Discs, and More

F’LL BEGIN THIS MONTH’S DISCUSSION OF CD-PLAY-

ER/CD-ROM-DRIVE REPAIR BY LOOKING AT ONE OF THE

U MOST COMMON SOURCES OF PROBLEMS—THE DISCS THEMSEIVES.

THEN WE'LL LAY SOME OF THE GROUNDWORK WE'LL NEED TO

get into theprocess of troubleshooting
and repairing a defective player or drive.

Cleaning a CD is not a difficult
chore, and you most certainly do not
need a fancy CD-cleaning machine.
Instead, just use a soft cloth, tissue. or
paper towel moistened with water. Add a
little mild detergent, if needed (Ivory
soap works well). Wipe from the center
of the disc out toward the edge—not in
the circular motion usually recommend-
ed for a vinyl LP. Never use any strong
solvents. Even stubborn spots will even-
tually yield to your persistence. Wasking
under running water is fine as well.

Once done, gently dry with a lint-free
cloth. Do not use a dry cloth as any dirt
particles may cause scratches. The poly-
carbonate the CD is made of is tough, but
don't expect it to survive everything. Very
fine scratches are not usually a problem,
but why press your luck?

Something that not everyone is
aware of is the multilevel error handling
technology in a CD player. Therefore, a
dirty CD may not instantly produce
obvious audio problems, but can never-
theless result in less-than-optimal audio
performance. Very severe errors—long
bursts—will result in audible degrada-
tion, including noise and/or muting of
the sound. Even that might not always be
detectable, depending on the musical
content. Shorter runs of errors can result
in the player interpolating between what
it thinks are good samples. That process
isn’t perfect, but any inaccuracies proba-

bly will not be detected during casual lis-
tening. Errors within the correcting
capability of the Cross Interleave Reed
Soloman Code (CIRC), which is used to
encode the data on a CD, will not be
noticed at all. In principle, it should be
possible to drill a 2.5mm-diameter hole
in the discs (in fact, some test discs have
such a hole), but not all players imple-
ment all of the possible error-handling
strategies.

A DIRTY DISC OR LENS might cause even
the best CD player to sound poor, but it is
unlikely to cause damage to the unit itself.

Can Dirt Damage My Player?
One common thing you might hear
from the man behind the counter in your
local CD store is “Dirty CDs could do
irreparable harm to your CD player, your
stereo, your disposition, etc. Buy our
$19.95 Super-Laseriffic CD Cleaning
Kit.” One claim I heard at a store that was
part of a major chain was that dirt or dust
on the laser lens would cause heat build-
up that would burn out the mechanism.
What he was promoting here was not a
disc cleaner, but a little brush attached to
a CD that brushed off the lens as it played.

8Y SAM GOLDWASSER
SERVICE EDITOR

This kind of stuff is total rubbish.
The power of a CD laser is less than 1
mW, and it is not concentrated at the
lens. And, those cleaning CDs with the
little brush are almost useless on any-
thing but the smallest amount of dry
dust. If the lens or disc is dirty, the worst
that can happen is that the CD will not
play properly. There could be audible
noise, or the disc might fail to track
properly, abort at random times, or not
even be recognized. However, the elec-
tronics will not melt down because of
dirt on the disc or the laser lens.

In short, it is just about impossible
for a dirty CD to do any damage to the
player, and a dirty lens will only result in
disc recognition or play problems simi-
lar to those caused by a dirty CD; the
laser will not catch on fire. About the
only way damage could occur is if you
loaded a cracked CD and the crack
caught on the lens.

In any case, you do not need any fancy
CD cleaners—soap or mild detergent,
water, and a soft cloth will do the job. If
the CD looks clean, it will probably be
fine. If there are serious smudges or fin-
gerprints, then cleaning could make a sig-
nificant difference in performance.

Repairing a Scratched CD

So your favorite CD has turned up
badly scratched (maybe your five-year-
old decided that it would make a nice
Frisbee), is there anything you can do?
The answer is yes. There actually are
three basic techniques for repairing
scratches. They are: Mild Abrasives,
Fillers, and Blowtorch.

* Mild abrasives: Use plastic or furni-
ture polish, Brasso metal polish, or tooth-
paste to try and remove minor scratches.
(Don’t worry too much about causing
damage; if the disc doesn't play, you can’t
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WHEN TROUBLESHOOQOTING A CD-ROM drive, the first step is to play an audio CD. If
basic audio playback is fine, you can be reasonably certain that the optical pickup, the
front-end electronics, and the servo systems are working correctly.

do any more harm.) When applying or
rubbing any of these materials, wipe only
from the center to the outside edge. A
CD player can generally track across
scratches that are perpendicular to its
path reasonably well. It is the scratches
that are parallel to the path that cause all
the problems. If the scratch is minor, a
mild abrasive may actually remove it
completely. This is more effective when
the surface has been scuffed or abraded
rather than deeply scratched.

¢ Fillers: These include such typical
items like car wax or furniture wax. Apply
over the whole disc and buft out with a
lint-free cloth. Filling larger scratches
should be fairly effective, but be aware
that the repaired disc will be more prone
to damage in the future because of the
soft wax filler. This technique works
because the wax will fill in the space
where the scratch is. Even deep scratches
might give in to this approach.

* Blowtorch: A least one person who
claims to have worked for several years in
a used CD store swears by this technique.
Supposedly, he uses a pencil-type pocket
butane torch and with great dexterity
fuses the surface layer of the readout side
of the disc so that scratches and unsightly
blemishes—well-—melt away. Now there
are obvious dangers in using fire on plas-
tic and this is likely a last resort. I cannot
tell you how many years of practce are
required to get a CD-repair license.
However, I am highly skeptical of this
approach and suspect that destruction of
the CD is the most likely outcome.

As an alternative to home repair,
there are companies that actually special-
ize in fix ing damaged discs. A couple of
these are Aural Tech CD (www.nsynch.
com/~auraltech) and CD Repairman
(www.cdrepairman.com). I have no expe-
rience with any of these companies, so 1
can’t comment on their effectiveness or

cost, but if you have an irreplaceable CD
that has become damaged, they might be
worth considering.

That concludes our discussion on the
media itself. Assuming that cleaning of
fixing a disc has not cleared up your
problem, it will be necessary to deal with
the CD player or CD-ROM drive itself.
Let’s begin that topic next with some
preliminary information and tips.

Safety at All Times

While there are far fewer potential
dangers involved in servicing a CD play-
er compared to a TV, monitor, or
microwave oven, some precautions are
still required when working on a line-
powered unit with its cover removed.
There may be electrically live parts con-
nected to the power line, usually around
the power cord entrance to the chassis,
the power transformer, and the on/off
switch. If there are, tape them over or
cover them somehow so you need not be
concerned with a shock. Unless you are
troubleshooting a primary-side power-
supply problem, there should be no need
for you to go near the AC line. For
portable players, the internal voltages
are all quite low, so shock is less of a con-
cern than accidental damage to the
equipment due to carelessness.

The laser in a CD player is infra-red.
It usually operates at 780 nm—while
that wavelength is at the edge of the vis-
ible range, for all intents and purposes,
the beam is invisible. Note that the
beam is very low power (under I mW),
and coupled with the optics, presents
very little danger. Nonetheless, don’t go
out of your way to look closely into the
lens while the unit is on!

Note: With most CD-type lasers, if
the lens is viewed from an oblique angle,
you'll usually see a deep-red spot, about
the size of a period. This emission

wnapar oo ricanradiabictian oo

appears to be low intensity, and might be
a spurious emission in the red part of the
spectrum or just your eye’s response to
the near IR energy of the main beam. In
any case, do not be misled into thinking
that the laser beam is weak. The main
beam is up to 10,000-times more intense!
Take care. However, the red dot is an
excellent indicaton that the laser is being
powered and is probably functoning. To
be sure, you need an IR detector to con-
firm the existence of the laser beam. A
circuit for testing IR remote controls, like
the one presented in the June 1997
installment of “Service Clinic,” could also
be used for this purpose.

Troubleshooting Tips

As in all electronics troubleshooting,
many problems have simple solutions.
Don’t immediately assume that the prob-
lem you are looking at is some combina-
tion of esoteric, complex, convoluted fail-
ures. For a CD player, it may just be a bad
belt or a dirty lens. Try to remember that
the problems with the most catastrophic
impact on operation (a CD player that
will not play past track 6) usually have the
simplest solutions (the gears that move
the optical pickup need lubrication). The
kinds of problems we would like to avoid
at all costs are the ones that are intermit-
tent or difficult to reproduce: the occa-
sional audio noise or skipping, or a CD
player that refused to play classical CDs
of music composed between 1840 and
1910. (If you come across a player that
won't play heavy-metal rock, send it to
me—please.)

When attempting to diagnose prob-
lems with a computer’s CD-ROM drive,
start by trying to get it to play an audio
CD. Data read-back is more critical
since the error correction needs to be
perfect. But if the audio playback works,
you know that the optical pickup and
most of the servo systems and front-end
electronics must be working. A CD-
ROM drive that won't play a music CD
has no chance of loading Windows 95

If you get stuck, sleep on it. Some-
times, just letting the problem bounce
around inside your head will lead to a
different, more-successful approach or
solution. Don’t work when you are real-
ly tired—it is dangerous and mostly
non-productive.

Whenever you work on precision
equipment, make copious notes and dia-
grams. You will be eternally grateful that
you did when the time comes to put the

(Coninued on page 26)
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COMPUTER CONNECTIONS

BY JEFF HOLTZMAN
COMPUTER EDITOR

Stayin’ Alive: The Great Pilot Plot

S

URPRISE, SURPRISE: READING CHARACTERS ONE Al A

TIME FROM A SERIAL PORT IS A HIGH-OVERHEAD, SLOW

PROCESS. READING CHARACTERS IN BLOCKS RUNS MUCH FASTER,

ALMOST ACCEPTABLY SO.

To back up a step, we’ve heen work-
ing the past few months on a chart-
recorder application for the 3Com
PalmPilot. The application is called
Hil.o. The purpose of HiLo is to read
data in byte-sized chunks as it comes in
an RS-232 serial port, maintain statistics
about the data—minimum value, maxi-
mum value, and average (mean) value—
and display the data in a scrolling format
like a chart recorder. Our progress to
date is shown in Fig. 1. This months’
code is available at the Ingeneering web
site, www.ingeninc.com. lLLook for a file
named hilo2 zip.

Looking at Fig. 1, note that there is a
new edit field, labeled Scale, on the
screen. 1o its left is a field labeled Last.
Last displays the actual value of the last
item received. Scale displays the value
scaled to fit the 90 X 100 plot area. The
Scale value is approximately 35% of the
received value (in pixels).

The central portion of the display
functions as the chart recorder. Data
points are displayed right to left in the
order in which they are received. The
display function is smart enough not to
scroll the display point by point.
Rather, when it receives a block of
points (as many as 100 in the current
implementation), it scrolls the chart
recorder portion of the display by as
many pixels (leftward) as points re-
ceived. Then it draws the points one by
one, right to left. The right-most point
always represents the most recently
received value.

Implementation Notes

The overall HilLo
remains the same. Four major changes
have occurred:

1) I replaced the deadly slow AddPoint
routine with a much faster AddPoints
routine, shown in Listing 1.

2) The old AddPoint also performed
the display function. Now there is a sep-
arate routine, DisplayChart, shown in
Listing 2. As mentioned above, Display-
Chart is not completely brain-dead,
although there is certainly room for

structure of

improvement.

3) I added a John Travolta “Stayin’
Alive” call to the operating system so
that the Pilot won’t “go to sleep” (enter

a low-power mode in which it doesn’t
respond to serial-port activity) while
HiLo is running.

4 Miscellaneous new and improved
#defines and the like were added, as was a
new debug routine for displaying a string
and number in a dialog box at run-time.

Listing 1 shows the new multi-byte
read routine, AddPoints. (AddPoints is
called by SerlOReceive, discussed in an
earlier article.) AddPoints is pretty sim-
ple, although there is one trick. The
calling routine passes four things to
AddPoints: a pointer to an input buffer
(where the OS has stashed the data), a
pointer to an output buffer (where we
save the data), a count (number of bytes
received), and a position (where in the
output buffer the next byte is stored).

The output butfer is defined to be
100 bytes long. So what happens when
we receive data byte 1012 The output
buftter is actually implemented as what is
called a rimg buffer. Imagine a ring with
100 slots. When the 100t slot is filled,

LISTING 1—ADDPOINTS
static void AddPaints (Ulnt pos, ULong cnt, Byte *ib, Byte *ob) {

SerlOCnt += cnt;

while (cnt > 0) {
// get input char, put in buffer
SerlOCur = *ib;
ob{pos] = SerlOCur;

/! update stats
SerlOSum += SerlOCur;

SerlOMin = (SerlOCur < SerlOMin) ? SeriOCur : SerlOMin;
SerlOMax = (SerlOCur > SerlOMax) ? SerlOCur : SerlOMax;

/! update pointers, counters
cnt—;
iD++;

pos = (pos + 1) % MAX_DATA_POINTS;

}

/! update stats
SerlOAvg = SerlOSum / SerlOCnt;

SerlOSca = (int) (SertOCur * VERT_SCALE};

wwWwW americanradiohistorv com
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the next byte “wraps around” and is
stored in the first slot, overwriting the
original contents. The slots are actually
numbered 0 to 99. The wrapping behav-
jor is obtained using C% modulus func-
tion using the following line of code.

pos = (pos + 1) % MAX_DATA POINTS;

Listing 2 show the display routine,
DisplayChart. It gets a pointer to the dis-
play buffer, a count of bytes to be dis-
played, and the position of the ring point-
er. First DisplayChart scrolls the display
rectangle left by the number of pixels
specified by the count parameter. Then
the area where the new points are to be
plotted is erased. Last, points are extract-
ed from the data butter, scaled to fir the
display, and plotted one by one.

For plotting, I used the WinDraw-
Grayline function. The name 1s some-

thing of a misnomer, as the Palm OS sup-
ports only I-bit (monochrome) graphics.
It simulates gray by drawing every other
pixel. The routine is somewhat intelli-
gent, but has some bugs. For exaruple, it
you send ita series of bytes of equal value,
vou expect to see stripes—alternating
bands of black and white. It turns out that
if you send data slowly, a byte at a time,
such as by pressing a key on a keyboard
about once per second, you get stripes.
However, if you hold the key down, you
get an alternating pattern, in which the
blacks and whites are offset by 1 pixel.
Either way, though, the display is not
always consistent; sometimes it switches
modes, secriingly arbitrarily. Also, line
length may be off by one, because in the
process of eliminating pixels to simulate
the gray ettect, the end may be eliminat-
ed. Those are not major issues, but they
are limitations that need to be under-

LISTING 2—DISPLAYCHART
static void DisplayChart(Byte *buf, Uint bufHd, ULong cnt) {

Short xPos;
RectangleType r;
Short ScrollSize = 0;

/1 scroll the window, erase any leavings

cnt = (cnt > MAX_DATA_POINTS) ? MAX_DATA_POINTS : ¢nt;

if (cnt < MAX_DATA_POINTS) {

WinScroliRectangle (&ChartRecRect, left, cnt, &r);

WinEraseRectangle(&r, 0};
}

else

WinEraseRectangle(&ChartRecRect, 0);

/1 draw the last point received, right-most, and work backward

xPos = POS_X;
while (cnt > 0) {
bufHd—;

bufHd = (butHd >= MAX_DATA_POINTS) ? MAX_DATA_POINTS - 1 : bufHd;

SerlOCur = buf{bufHd];

SerlOSca = (int) (SerlOCur * VERT_SCALE);

WinDrawGrayLine(xPos, POS_Y, xPos, POS_Y - SeriOSca);
//WinDrawLine(xPos, POS_Y, xPos, POS_Y - SerlOSca);

xPos—;
cnt—;

LISTING 3—MAIN FORM EVENT LOOP

eise if (event->eType == nilEvent) {
RevCount = 0;
SerlOReceive ();
if (RcvCount > 0}

DisplayChart(Data, BufHead, RevCount);

handled = true;
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FIG. 1—THIS MONTH we implement a real
scrolling chart-recorder display.

stood. For comparison purposes, the
code also has a “commented-out” line to
draw solid lines, using WinDrawlLine.

Listing 3 shows another point of
interest. As discussed in preceding arti-
cles, the Palm OS is event driven. In the
absence of “real” events, the OS pumps
nil events through the system to give
various processes a chance to do some-
thing. HilLo watches for nil events, and
when it receives one, checks the serial
port for data. If any is pending, it is
retrieved, and then displayed. Note that
DisplayChart is only called it the
Receive Count is greater than zero.

At the top of that routine, but not
shown here, is the following call:

EvtResetAutoOft Timer();

That forces the Pilot to stay alive as
long as Hil.o is running.

Limitations, Optimizations,
and Improvements
This version of Hil.o is much better
than the previous one. However, it still
has some problems. For example, al-
though it's much more responsive now,
vou can stll swamp it by sending too
much data too fast. If that happens, a
dialog pops up, warning you of an error.
You must click OK to dismiss that dia-
log, and you may have to click in one of
the edit fields or the system will block
(not receive any more characters).
The main problem there is the lack of
intelligence in the Display routine, the
(Continued on page 26)
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NEW PRODUCTS

Use THE FREE

| PG Gamera Pack

[
FY

PC USERS CAN NOW EXPERI-
ence a communications, photography,
and photo-editing package in one prod-

videos made with the camera pack and to
subsequently drag and drop those images
into editing applications. The Scene

CIRCLE 20 ON FREE INFORMATION CARD

uct that plugs into Pentium processor-
based PCs. The easy-to-use Create &
Share Camera Pack includes an Intel PC
camera, hardware, and an integrated
suite of communications and image-
editing software. The software suite
enables consumers to make, enhance,
and organize snapshots and videos that
can be passed along to others in print,
on screen, and on the Web. The camera
pack also includes the necessary ingredi-
ents for making video phone calls over
the web as well as over regular phone
lines. An Intel PC camera sits on top of
the PC’s monitor and serves as the cen-
ter of the Create & Share software suite.

The software suite includes all of the
following applications: The Guided Tour
introduces the capabilities of the camera
pack. The Launcher and The Gallery

make it easy to organize snapshots and

Recorder is an easy way to record a short
video or take an instant snapshot with
just a few mouse clicks—snapshots that
can personalize Christmas cards or cal-
endars. PhotoEnhancer quickly and easi-
ly enhances images captured from the PC
camera. NetCard enables postcards with
pictures and sound to be e-mailed. Other
applications permit morphing, stretch-
ing, and shrinking images.

The Intel Camera Packs are available
for systems with a Pentium-processor-
hased PC running at 90 MHz and higher;
Windows 95; 16 MB RAM; an 800 X 600
display; 16-bit color; 16-bit SoundBlaster-
compatible sound system with micro-
phone and speakers; a 4X CD-ROM
drive; approximately 75MB free hard disk
space; an Internet service Provider that
supports TCP/IP; and a 28.8 K (or faster)

modent.

INFORMATION CARD FOR FAST RESPONSE

Three versions of the camera pack are
available: The USB version retails for
$199; the PCI version sells for $299; and
the PCI Modem version retails for $399.
Intel Corporation
2200 Mission College Blvd.

PO. Box 58119
Santa Clara, CA 95052-8119
Web: www.intel.com

Automotive Tester

ADVANCED FUNCTIONS AND
features in demand for diagnosing and
troubleshooting auto and truck problems
are available in the Model 488 Digital
Multimeter. The handheld meter (mea-
suring 81/, X 41/, X 2 inches and weigh-
ing under 21 ounces) tests and measures
AC/DC volts, amps, and ohms under the
hood or under the dash. With the induc-
tive pick-up prohe attached, it performs
rpm/tach readings for both vehicles with
or without distributors. In addition, the
frequency function tests engine sensors,
ABS, and other automotive systems. The
temperature reading function gives read-
ings in Celsius and Fahrenheit, making

CIRCLE 21 ON FREE INFORMATION CARD
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conversion charts unnecessary when ser-
vicing foreign autos.

The easy-to-read LCD display pro-
vides a 33/,-digit, 3200-count readout,
and the Data-Hold function freezes read-
ings for future reference. Continuity,
diode test, duty cycle, and dwell measure-
ments are standard features. The D-488
also tests and measures ignition and
engine systems; sensors, solenoids, and
components; coils, diodes, and alterna-
tors; charging systemns; and cooling, heat-
ing, and lighting systems. An “auto-
power-off” feature extends battery life.

The Model D-488 digital multimeter
comes complete with test leads, alligator
clips, temperature probe, rpm pick-up,
battery, manual, rubber holster, and car-
rying case. It retails for $179.

HC Protek

154 Veterans Drive
Northvale, NJ 07647
Tel: 201-767-7242
Fax: 201-767-7343

Data Radio

THE MFJ-8631 IS A DEDICATED
data transceiver for the 220-MHz band
that operates on a factory-installed fre-
quency 223.700 MHz. It has all the fea-
tures of the 2-meter version and provides
up to 3-watts output. This transceiver
allows users to get away from the crowd-
ed 2-meter band and opens up the 220-
MHz band for high-performance packet
use. All data rates from 1200 to 9600
baud can be run directly out of the box.

CIRCLE 22 ON FREE INFORMATION CARD

Compatible with all TNCs having
hardware DCDs as well as with most that
have software DCDs, the MFJ-8631 is
ready to use as soon as an appropriate
TNC cable and 12-VDC is plugged in,
and the antenna is set up. Its five-wartt
output covers your operating area with-
out disrupting distant nodes.

Features include ultra-fast PIN-
diode switching, instantaneous change-
over between transmit and receive, a
dual-conversion receiver, 0.25 pV low-
noise preamp, and a double-tuned front-

end. The narrow 10.7 MHz IF filter and
special full data-bandwidth IF filter pro-
vides an optimum passband and steep
skirts for error-free data reception.
Unsquelched audio feeds directly to the
TNC for lightning-fast DCD response.
Plug-in crystals for other frequencies
and pre-wired cables are available as
add-ons.

The tiny MFJ-8631 (5- X 5- X 11/5-
inches) draws just 15 mA on receive and
less than 1 amp on transmit on 12-VDC,
and it retails for $139.95.

MF] Enterprises, Inc.

300 Industrial Park Road

Starkville, MS 39759

Tel: 800-647-1800 or 601-323-5869
Fax: 601-323-6551

Embedded Gontroller Board

PACKING DATA ACQUISITION,
control, and a touch-screen-user inter-
face on a palm-sized surface-mount
board, the QED board is easily program-
mable in C, Forth, or Assembly using
any PC. Built-in programming tools
include an interactive debugger, multi-
tasking, executive and comprehensive
libraries of device-driver functions—
including drawing and plotting functions

.xr_&a ..ca_i Ehl i
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for the 128 x 240 pixel touch-
screen/graphics display with which the
board directly interfaces.

The QED board is ideal for a wide
range of applications, including machine
automation, data acquisition, industrial
control, robotics, and scientific instru-
mentation. Because of its small size,

(Continued on page 31)
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+2% Accuracy
Save & Recall

Up To 32 3 Year Product Warranty
Panel Settings
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SERVICE CLINIC

continued from page 18

unit back together. Most connectors are
keyed against incorrect insertion or
unintentional interchange of cables, but
that’s not always the case. Apparently
identical screws might have different
lengths or have slightly different thread
types. Little parts may fit in more than
one place or orientation. Try using pill
bottles, 35mm film canisters, and plastic
ice-cube trays to sort and store screws
and other small parts.

- Another consideration is ESD—
Electro-Static Discharge. Some of the
electronic components in CD players,
CD-ROM drives, and similar devices,
are vulnerable to ESD. There is no need
to go overboard, but taking reasonable
precautions like not wearing clothing
made of wool, which tends to generate
static, is a good idea. When working on
component CD and laserdisc players,
get into the habit of touching a ground,
like the metal chassis, before touching
any circuit components. An anti-static
wrist strap is another good idea.

A basic set of precision hand tools
should be all that you will need to disas-
semble a CD player and perform most
adjustments. Needed tools include a
selection of Philips and straight-blade
screwdrivers, needle-nose pliers, wire
cutters, tweezers, and dental picks. A
jeweler’s screwdriver set is a must, espe-
cially if you plan to work on a portable
unit. For adjustients, a miniature (17,4~
inch blade) screwdriver with a non-
metallic tip is desirable (the non-metal-
lic tip prevents the screwdriver from
detuning the circuit as you make your
adjustments).

Unless you get into optical alignment
of the laser assembly, no special tools
will be needed, and the service manual
will indicate what you do need if you are
faced with that kind of repair. A low-
wattage fine-tip soldering iron and fine
rosin-core solder will handle any solder-
ing or desoldering that needs to be done
along the way.

For thermal or warm-up problems, a
can of “cold spray” or “circuit chiller,”
and a heat gun or blow drier can come in
handy. Use them to locate thermally sen-
sitive parts that are causing problems.
Use the extension tube of the spray can
and make a cardboard nozzle for the heat
source to provide precise control of
which components you are affecting.

That wraps it up for this time. Until
next month, if you have any specific
problems or questions, you can reach me
by e-mail at sam@stdavids.picker.com.
For general information on electronics
troubleshooting and repair visit my Web
site at www.repairfaq.org. [En|

COMPUTER CONNECTIONS

continued from page 23

LETTERS

continued from page §

tricity beyond the abilites of the grid,
and power-plant construction will have
to mushroom to keep up. I know there
are other ways to generate electricity
that are non-, or at least not as polluting,
but they are dwindling and not expand-
ing. No new nuclear reactors have been
commissioned for over a decade, the
hydroelectric situation is even worse,
solar is not an option due to poor effi-
ciency, and geothermal cannot supply
enough to handle even a fraction of the
added load.

The one solution to this problem is
the Hybrid Vehicle, in which the size of
the internal combustion engine is
reduced and attached to a generator. The
batteries are used for acceleration and
hill-climbing assistance. The emissions
of this type of vehicle are greatly reduced
by increasing efficiency and not over-
powering the power plant to accelerate
the car. Most charging would be handled
by the motor/generator combination,
thus only using the grid for light charg-
ing and not for a deep charge. The bat-
tery weight could also be reduced, since
itis in a supporting role only.

Thanks for your time and your ear,
and by the way, I do like your magazine
very much!

RICHARD PERCIFIELD
Tonganoxie, KS

Editorial Approval

Regarding the recent dialog between
yourself and your readers, I thought you
might want to know that, in my opinion,
your editorials about the Internet are
right on target. While I agree that the
signal-to-noise problem on the Net/Web
is a bad one, my entire research agenda is
being immeasurably helped by data and
contacts that I have been able to make
using that valuable resource.

Keep up the good work.

FOREST M. MIMS III

via e-mail
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routine that calls it, or both. The way it
works now, if lots of data is streaming in,
we get 100 bytes, and display 100 bytes.
A more sensible solution would decrease
the amount of display processing when
there is lots of activity.

Related is the fact that the current
routine simply copies input data from
one buffer (the system’s) to another
(ours). If we set the system buffer to be
our buffer, we could eliminate that over-
head. I have resisted doing so, because I
don’t think there will be that much per-
formance gain, and because we’re going
to end up copying data anyway to deal
with the next item.

HilLo currenty has no ability to store
data for subsequent retrieval, analysis, and
display. Dealing with the operating sys-
tem’s concept of databases brings a whole
new layer of complexity to the applica-
tion, and will undoubtedly have signifi-
cant performance ramifications as well.

-With persistent storage in place, it might

be interesting to implement live scrolling.

A limitation (that purposely hasn’t
been dealt with yet) is that there is no
user interface for the serial port settings;
9600, 8N1 is hard-coded into the pro-
gram. Not critical, but interesting is the
concept of responding to serial I/O from
sleep mode. There is no documented,
simple way to do so. Hmmm . . ..

That's all for now. Stay in touch
via e-mail; (jeff@ingeninc. com)
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Master Catalog—1997/1998

Fensen Tools Inc.

7815 S. +6th Street

Phoenix, AZ 85044-5399

Tel: 800-426-1194 or 602-968-6231

Fux: 800-366-9662 or 602-438-1690)
Web: wuww.jensentools.com

Free

Featuring 300 pages
of items essential to
electronics and other
related industries,
this latest catalog is
filled with tool kits
for the installation
maintenance and re-
pair of electronic
equipment. Several

CIRCLE 338 ON FREE
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newly developed kits, including the JTK-
3100 Aircraft Pre-Flight/Preventive
Maintenance Kit, the JTK-2001 PC
Workstation Plus Kit, and the JTK-2900
Network Support Kit, are introduced.
Products offered for the first time are a
number of test instruments, specialty
tools, testers, and probes, among which
are Fluke’s DSP-2000 Cable Analyzer, an
insulation-piercing electronics probe, a
mini-flip circuit-board holding fixture

= To order books in

- this magazine or,
any book in print. Please call anytime day or
night: (800) BOOKS-NOW (266-5766) or
(702) 258-3338 ask for ext. 1456 or visit on the
web at http://www.BooksNow.com/elec-
tronicsnow.htm.

from FIL, and B&K Precision’s NTSC
TV generator.

A special 8-page section is devoted to
Hewlett-Packard products, such as
state-of-the-art electronic measuring
devices, including an assortment ot
oscilloscopes, logic analyzers, function
generators, and universal counters.

Practical RF Design Manual

by Dong DeMaw WIFB

MEFJ Publishing

300 Industrial Park Road

Starkville, MS 39759

Tel- 800-647-1800 or 601-323-5869
Fax: 601-323-6551

Web: btp://mfjenterprises.com
$19.95

Online
Edition

We’re on the web

FREE

We are starting up,
but you can watch us grow!
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MRTEECTRONICS
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detectors, IF ampli-
fiers, filters, AGC
systems, frequency-control systems, small-
signal RF amplifiers, large-signal amp-
lifiers, and frequency muldpliers.

The scores of useful circuit diagrams
in this book are founded on practical lab-
oratory experience. Although these cir-
cuits are not intended for exact duplica-
tion, they will function well if they are
built. Many of them can be used as build-
ing blocks for composite systems in the
RF-communications industry.

The reader will find no theoretical
circuit examples, and there is little ref-
erence to circuits that have appeared in
trade journals and manufacturer’s
application notes. This book is written
in easy-to-understand language, with-
out “talking down” to the reader.
Equations are used only where neces-
sary to demonstrate a particular design
approach. Approximations are used
where acceptable, owing to the non-
uniformity found in semiconductors
that are not graded for a tight set of
parameters. Usually the designer has to
do some finalizing of a circuit to com-
pensate for the differences in perfor-
mance of ICs or transistors that have
the same part number.

QuickCross 6.0

NTE Electronics, Inc.

44 Farrand Street

Bloomfield, NJ 07003

Tel: 800-631-1250 or 201-748-5089
Fax: 800-683-3338

Web: www.nteinc.conte

QuickCross is a soft-

: ware cross-reference
| "-_ to the NTE line of
* industry-standard
replacement compo-
nents and is available
in Windows and
DOS formats. In
addition to containing replacements for
over 260,000 semiconductors, 41,000 re-
lays, and 1386 flyback transformers, this

CIRCLE 340 ON FREE
INFORMATION CARD

edition includes surface-mount resistor
and capacitor selector guides.

Version 6.0 provides users with one of
the most comprehensive and easy-to-use
cross references of electronics compo-
nents. It allows distributors, technicians,
and hobbyists to easily access NTEs full
line of products. To use QuickCross, the
searcher simply keys in any industry
device number—U.S., Japanese, or
European—and in less than a second, the
NTE equivalent is displayed.

QuickCross can be downloaded free
from their Web site; it also can be pur-
chased from NTE distributors for $12.
rugged surface-mount construction, and
low power requirement, it is extremely
useful in many handheld applications as
well.

The embedded controller provides
up to 512K on-board memory and 60
1/0) lines including keypad and graphic-
display interfaces, time-controlled 170,
16 analog inputs, 8 analog outputs, quad
high-current drivers, and dual serial
ports. Battery-backed write-protectable
RAM eliminates the need for PROM
burning. It is priced at $495 in single
quantities.

Mosaic Industries, Inc.

5437 Central Avenue #1

Newark, CA 94560

Tel: 510-790-1255

Fax: 510-790-0925

E-mail: info@mosaic-industries.com
Web: www.mosaic-industries.com

1998 Publications Catalog

Prompt Publications

Howard W, Sams & Company

2647 Waterfront Parkway, East Drive
Indianapolis, IN 46214-2041

Tel: 800-428-7267 or 317-298-5400
Fax: 317-298-5604

Web: www.bwsams.com

Free

: Aimed at hobbyists,
# Tiimn students, and pro-

EEEE fessional techni-

( cians, the catalog

|§ﬁa E’Es presents hundreds
I . {=. of best-selling titles
| B

from Prompt Pub-
; - lications, Butter-
ErE S R :

worth-Heinemann,
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INFormaTION cARD ~ Macmillan  Com-
puter Publishing,
and UCANDO Educational Videos.
Along with many new books, there are
updated editions—second editions of
Real-World Interfacing with Your PC
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and of Power Supplies, as well as the
sixth edition of Modern Dictionary of
Electronics.

Concentrating on technical books
for both the novice and the experi-
enced electronics technician, Prompt
has published more than 100 books in
its first seven years, and has another
30 scheduled for 1998. Prompt’s Web
site provides complete book sum-
maries, new release dates, and other
information.

Some of the new publications com-
ing out in 1998 are Complete Guide to
Audio from Prompt; Laser Technology, an
educational video from UCANDO;
Surface Mount Technology Terms &
Concepts from Butterworth-Heinemann;
and the eighth editdon of Macmillan’s
Upgrading and Repairing PCs.

Electronic Inventions and
Discoveries:

Electronics From Hs Earliest
Beginnings to the Present Day

by G.W.A. Dummer

Institute of Physics Publishing

The Public Ledger Building (U.S. Office)
Suite 1035

150 South Independence Mall West
Philadelphia, PA 19016

Web: www.iop.org

$40

In a remarkably
short time, elec-
tronics has pene-
trated almost every
aspect of modern
life. The pace shows
no sign of slacken-
ing. Spanning two
and a half cen-
turies, this book
traces electronics
from its earliest be-
ginnings to the present day. It is a mini-
encyclopedia full of valuable informa-
tion on practically all inventions in elec-
tronics, as well as an up-to-date system-
atic review of the major developments in

the field.
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web at http://www.BooksNow.com/elec-
tronicsnow.htm.
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This book is an essential reference
for engineers wishing to broaden their
knowledge, and provides a sound back-
ground for students, hobbyists, and
general science readers. The first sec-
tion presents concise but comprehen-
sive histories of developments in the
major areas of electronics: transistors,
audio and sound, radio, television, com-
puters, robotics, and in business appli-
cations. Inventions are categorized hoth
by subject and chronologically, with
concise descriptions of over 1000 key
inventions.

Acronyms and abbreviations are
explained, and there are complete bibli-
ographies of books on inventors and
inventions.

Analog Dialogue; Volume 31-1

Analog Devices, Inc.

Ray Stata Technology Center

804 Woburn Street

Wilmington, MA 01587

Tel: 800-ANALOGD or 617-937-1428
Fax: 617-821-4273

Web: bttp://waww.analogeom/publications/
magazines/Dialogue/dialog. bl

Free

Analog Dialogue is a
forum for the ex-
change of informa-
tion on circuits, sys-
tems, and software
for real-world sig-
nal processing. Fea-
ture articles include
“DSP101”—Part
One of a multi-part
introductory series
on DSP system design, “Selecting
Mixed-Signal Components in Digital
Communication Systems,” and “Build
a Smart Analog Process-Instrument
Transmitter.”

In other articles, recently-released
amplifiers, buffered switches and multi-
plexers, A/D and D/A converters, and
power-management supervisory circuits
are described; and sources of informa-
tion for further information are suggest-
ed, such as data sheets, newsletters, and
application notes. [EN]
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rugged surface-mount construction, and
low power requirement, it is extremely
useful in many handheld applications as
well.

The embedded controller provides up
to 512K on-board memory and 60 /O
lines including keypad and graphic-dis-
play interfaces, time-controlled I/O, 16
analog inputs, 8 analog outputs, quad
high-current drivers, and dual serial ports.
Battery-backed write-protectable RAM
eliminates the need for PROM burning.
It is priced at $495 in single quanddes.
Mosaic Industries, Inc.
5437 Central Avenue #1
Newark, CA 94560
Tel: 510-790-1255
Fax: 510-790-0925
E-mail: info@mosaic-industries.com
Web: www.mosaic-industries.com

Sfieech Recognition Kits

TWO SPEECH RECOGNITION kits
from Sensory, the RSC Development
Kit 2.2 and the Interactive Speech Dem-
onstration Unit, allow designers to inte-
grate speech recognition into consurmer
telephony and electronic applications.

CIRCLE 24 ON FREE INFORMATION CARD

The RSC Development Kit 2.2 con-
tains a complete package of hardware
and software tools, including a develop-
ment board, an in-circuit emulator, and
a memory board. It gives designers
unlimited access to Sensory’s speech and
audio-technology libraries so they can
develop custom programs using the
company’s RSC-164 and RSC-164i
Interactive Speech Chips

The Interactive Speech Demon-
stration Unit is intended to showcase
Sensory’s speech recognition and audio
capabilities through a series of interactive
demonstrations. The unit comes com-
plete with all necessary hardware compo-
nents and pre-programmed ROMs to
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provide real-life demonstrations of low-
cost speech recognition, including voice
dialing, voice password, and speaker-
dependent and speaker-independent
applications,

The development and demonstration
kits have several new speech-technology
capabilities, including higher accuracy
and enhanced filtering software. The
continuous listening feature allows com-
pete hands-free and eyes-free product
operation. A product will continuously
listen for pre-programmed command
words and carry out the associated tasks
upon recognition. The kits also feature
consecutive-digit speech recognition for
speaker-dependent and speaker-inde-
pendent technologies. Enhanced noise-
filtering software improves recognition
rates by over 97%.

The RSC Development Kit sells for
$3200, and includes all the necessary
hardware and software to integrate an
RSC chip into a product or project. The
Interactive Speech Demonstration Unit
sells for $300. Current owners of earlier
versions of the kits can purchase upgrades
for $50 and $30 respectively.
Sensory, Inc.

521 East Weddell Drive
Sunnyvale, CA 94089
Tel: 408-744-9000

Fax: 408-744-1299

Web: www.Sensorylnc.com

MULTIMEDIA
on the PC!

"{What is Multimedia? What can
1it do for you? It can do lots of
nice things! This 184-page
;@ i book helps you create your
- | OWN multimedia presentation.
Multimedia applications by people like you can
revolutionize educational and business applications
as well as bring more FUN, FUN, FUN into your
leisure computer activities.

r I I D B G I I .. 1
Mail coupon to:

| IM@M’HME@M[
5 :"_ on the PC |

”:;'A lan R Sincia

Electronics Technology Today, Inc. I
P.0. Box 240 |
Massapequa Park, NY 11762-0240

Please send me my copy of Multimedia on the PC
{PCP120). I enclose a check or money order for $18.95

to cover the book's cost and shipping-and-handling
expenses. NY state resident must add local sales tax. I

Name .
Address _ I
City State Zip

All orders must be paid in U.S. funds only. Sorry, no
orders accepted outside of USA and Canada. Please
Lallow 6-8 weeks for delivery. MAO2
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fo be able to monitor and
record information about your
environment for extended periods
of time without having to be physi-
cally there. With a variety of input
sensors, you could analyze the tem-
perature of your attic to see if you
really needed those ridge vents.
You could count the number of
people that came in and out of
your store, and when each one
entered and leff, for weeks at a
fime. You could monitor the relative
humidity or pressure of your lao or
home. You could monitor the volt-
age and current output of your lat-
est solar-cell project. You could
even count the squirrels opening
your squirrel feeder. The uses for
such a monitoring device are only
limited by the imagination. Now
imagine how useful such a device
would be if it could be run from
either battery or AC power and
didn’t need to be tied to a PC to
store information.
The Data Monitor described in
this article is just such an instrument.

I magine how useful it would be

it is highly configurable, low in cost,
and easy to use. It can monitor and
store up to four analog and four
digital inputs at the same time. The
sampling rate can be set anywhere
from 30 milliseconds to more than
49 days. There is also an eight-term
complex frigger that can include
up to four digital and four analog
inputs. All of the information is
recorded in an electrically-erasable
programmable read-only memory
module (EEPROM) that has a
capacity of 2048 words. The EE-
PROM is extremely error tolerant
and can hold onfto any data that
has been stored in it even if the
power is turned off or lost. Each
sample has a time and date stamp
included in order to protect the
integrity of the data. That makes it
easy to analyze any data that has
been stored over a long period of
fime.

The Data Monitor is set up using
an  easy-to-use Windows-based
program. Once it has been set up,
the Data Monitor runs by itself.
When the sample and store process

wWWwW americanradiohistorv com

BUILD THE
DATA
MONITOR

Monitor and recovd events
with this sophisticated
unit that is both

easy to build and use.

JON VARTERESIAN

is complete, the same program is
then used to retrieve all of the data
that has been collected. The only
computer requirements for using
the Data Monitor is a PC that is run-
ning either Windows 3.1 or Windows
95 and ras an available COM1 or
COM2 serial port.

The Data Monitor’s hardware can
monitor cnd record aimost any elec-
fronic or electrical circuit through
the use of plug-in personality mod-
ules. An accompanying arficle
details the building of a general-
puropse personality module that
includes four digital and three ana-
log inpufs. Also included is a tem-
perature sensor that uses the Data
Monitor’s fourth analog input. Al-
though not needed to test the
Data Manitor, building that person-
ality module is a good idea and is
very handy for testing the various
functions of the Data Monitor.

How it Works. The heart of the
Data Manitor is a PIC16C74 micro-
controller, which controls all of the
functions of the unit. That particular
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PARTS LIST FOR THE DATA MONITOR

SEMICONDUCTORS

IC1—P1C16C74 microcontroller,
programmed (Microchip)

[C2—24LC16B/P 16K serial EEPROM,
integrated circuit (Microchip)

1C3—MAX232CPE RS-232 converter.
integrated circuit (Maxim)

1C4., IC5—Not used

IC6—1L.M340T 5-volt regulator, integrated
circuit

D1, D2—IN400! silicon diode

Ql, Q2—FMMT3904 NPN transistor,
SOT-23 package

RESISTORS

(All resistors are Y4-watt, 5% units unless
otherwise noted.)

RI1, R3. R17-R20, R25, R26—
10.000-0hm

R2—10-ohm

R4—not used

R5—12,100-0ohm, 1%, metal-film

R6—4020-ohm, 1%. metal-film

R7, R8—not used

R9-16—91-ohm

R21-R24—not used

CAPACITORS

Cl, C2—15-pF. axial ceramic

C3. C6. C7, C10—0.1-pF, axial ceramic

C4, C5, C8. C9—1-pF, 63-WVDC,
electrolytic

C11-—-0.22-pF, axial ceramic

C12—10-pF, 25-WVDC, electrolytic

ADDITIONAL PARTS AND

MATERIALS

DISP1—LNS524 2-digit 7-segment light-
emitting diode display, common
cathode (Digi-Key P355-ND or similar)

J1, J4, J5—Square-post connector strip,

member of the PIC microcontroller
family has several features built into
it that make it particularly attractive
for use in the Data Monitor. Two of
the features that help reduce the
number of components in the cir-
cuit are a serial-interface controller
and an 8-channel 8-bit analog-to-
digital converter.

As menfioned above, analog
and digital inputs are supplied o
the unit through a plug-in “person-
ality module.” That module con-
tains circuitry that can interface,
buffer. or modify any input signals
before they are passed to the
Data Monitor itself. Although the
design and construction of a per-
sonality module will not be dis-
cussed here, the article "Build this 1/O-
Temperature Personality Module”
found elsewhere in this issue of

right-angle, male

J2, J3—Square-post connector strip,

straight, male
XTAL1—4-MHz oscillator (CTX006-
4MHZ or similar)

Case, 9-volt battery, 9-volt battery con-

nector, 9-volt wall adapter, square-post
female sockets, 9-pin D-subminiature
male, connector, 9-pin D-subminiature
female connector, 44-pin PLCC socket,
toggle switch, normally-open momen-
tary switch, wall-adapter connector,
RS-232 data cable, hardware, wire, etc.

Note: The following items are available
from: JV Enterprises, PO Box 370,
Hubbardston, MA, 01452. E-mail:
JVEnterpri@aol.com: Complete kit of
all items including programmed IC|
with source code, manuals and docu-
mentation, Windows software with
source code, unlimited technical sup-
port, $249.00; assembled and tested
unit, $299.00; programmed PIC16C74
with assembly source code, $20.00;
complete printed documentation pack-
age, including Users Guide,

Technical Reference Manual,
Assembly Manual, schematics, foil
patterns, and assembly drawing, $9.00;
Enclosure with 9-volt battery compart-
ment and drilling template, $20.00: PC
board with silk-screen, plated holes,
and solder mask, $13.50; Windows
software with source code. $29.00.
Please add $7.00 shipping and handling
for complete kit and assembled unit;
$5.00 for all other orders.
Massachusetts residents must add 5%
sales tax. Check or money order only.

Electronics Now describes a gener-
al-purpose personality module that
will get you started with the Data
Monitor. That add-on device will
provide four digital inputs, three
analog inputs, and one tempera-
ture-measurement input.

Datais stored and retrieved from
the EEPROM using a two-wire tech-
nigue called the inter-/ C (or IIC)
protocol. That method was devel-
oped by Philips and Signetfics.
Although an “enhanced” specifi-
cation that allows data transfers at
a rate of 400,000 bits per second is
supported by the EEPROM, the
Data Monitor follows the 100,000
bits-per-second rate that was
established by the original specifi-
cation. See the sidebar for a tech-
nical overview of the IIC protocol.

Status for the Data Monitor is

waany americanradinhictorvy com

shown on a 2-digit 7-segment LED.
The PIC drives those digits directly. A
momentary push-button switch is
used to enable the LED display. That
switch also “arms” the Data Monitor,
feling it when fo begin sampling
and storing the inputs.

Serial communications between
the Data Monitor and a PC is done
with an RS-232 interface. The data
rate of the serial port is 19,200 bits-
persecond with eight data bits,
one stop bif, and no parity bit. No
flow-confrol signals are used during
communications. The power supply
regulates and conditions the 9-volt
battery or the 9-volt DC power sup-
ply down to the 5-volt level needed
by the circuit.

Software. The Data Monitor uses
two types of sofftware: the pro-
gramming in the PIC chip and the
control software on the PC. The PIC
programming can be broken into
two main components: a main
loop that handles the non-timing-
critical events, and an interrupt-ser-
vice routine that handles the time-
critical events.

When power is first applied to the
Data Monitor, the PIC program ini-
tializes all of its internal variables
and waits for configuration informa-
fion to be sent through the RS-232
port from the PC. While waiting, the
Data Monitor’s system voltage is
monitored. That lets the battery
voltage be checked at any time.
Once the configuration data is sent
to the Data Monitor, it is written to
the EEPROM. When the arm switch
is pressed, the Data Monitor begins
sampling and storing data based
on the usersupplied parameters.
Once sampling has begun, the per-
centage that the EEPROM is full is
also calculated. Any information
that needs to be sent over the RS-
232 link to the PC is also done.

The interrupt-service routfine does
two functions. The first function is to
run the PIC’s internal clock. Each
“tick” of the clock is one millisecond.
That means that anything that the
interrupt-service routine is doing
must be finished in less than one mil-
lisecond. or the next tick will be miss-
ed, messing up the Data Monitor’s
real-time clock.The other section ser-
vices the RS-232's receive inferrupt,
That section takes care of all of the
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data that is received from the PC. what type of frigger mode to use, (Trigger_1 & Trigger_2 & Trigger._
The Data Monitor is controlled by  and define the eight-term trigger 3) # (Trigger_4 & Trigger 5 &

a Microsoft Windows program. With  equation. Trigger_6) # (Trigger_7 & Trigger_8)
it, the Data Monitor is prepared for Most of the controls are self-
sampling, and the stored informa- explanatory. However, the trigger The "&” is a logical aAND and the

tion is retrieved. When configuring  equation can become complex so  “#“is a logical or, Each of the eight
the Data Monitor, you can say what — some explanation is in order. De-  trigger terms can be linked fo any
combination of cnalog and digital  pending on your needs, the trigger  one of the analog or digital inputs,
inputs are to be stored, whether to  equation can be used tosetup any  along with one or more frigger
average the analog samples or type of triggering condition from modes. With a digital input, the trig-
not, how many samples to inciude the veary simple to the extremely ger can become active when the
in any averaging, set the rate that  comglex. The format of the trigger input is rising, falling, or at the same

the Data Monitor takes samples, equation is as follows: level it was before the overall frig-
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Fig. |. The Dara Mouiior is built around a PIC16C74 microcontroller chip. It is easily powered by a
wall transformer or a 9-volt battery.
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Fig. 2. When building the Data Monitor, solder J2 and J3 t0 the solder side of the board. Those con-
nectors will hold a Personalitv Module that passes the signals to be monitored to the Data Monitor.

gering ccndition was met. Similar
conditions are available with the
anatog inputs. Since analog inputs
are digitized to one of 256 levels,
the level that will be used as a
threshold must also be specified.
You do not have to use all eight
triggers; any unused terms will be
ignored. For any given trigger type.
you can also select one, two, or
even all three of the trigger modes
that are linked to a parficular input.

For example, if you want to trigger
the Data Monitor when a digital
input toggles, both the rising and
falling trigger modes should be
enabled. Of course, you can not
specify analog trigger terms for dig-
ital inputs, and vice versa.
Understandably, the triggering
can be confusing at first, so let us
consider an example. Let’s set up
the Data Monitor to store the ambi-
ent temperature from a sensor con-

www_ americanradiohistorv com

nected to analog-input 1 whenever
any of the following conditions are
met: digital-input 1 rises or digital-
input 2 foggles while digital-input 3 is
high. We’ll use trigger terms 1, 4, and
5. Remember, terms 1, 2, and 3 are
iinked together according to the
logic formula given above. Similarly,
terms 4, 5 and 6 are also linked
together. Note that all other trigger
terms are left unused so that they
will be ignored.

The Data Monitor will only store
the information coming from ana-
log-input 1. The first term will be
connected to the first digital input,
and it will activate on a rise. The
fourth term will be linked to the sec-
ond digital input. On that one, both
the rise and fall states will be select-
ed. Finally, the fifth term is linked to
digital-input 3, and the steady-state
choice is selected.

There are also two ways to store
the data once the trigger condi-
fions are met: “store on trigger” and
“store immediate.” If a trigger was
specified with the “store immedi-
ate” mode active, the Data Monitor
waits for the frigger condition to be
met, and then samples and stores
based on the time base that has
been selected. That mode makes
the most of the Data Monitor’s EEP-
ROM since it doesn’t have to log
the time between stores. Selecting
“store on ftrigger” tells the Data
Monitor to sample and store the
desired inputs only when the trigger
condition is met. In that mode, the
elapsed time since the Data Mon-
itor was started will also be stored.

You can also have the Data
Monitor perform different levels of
averaging on the anadlog samples
by checking the “average enable”
check box in the setup screen. Data
averaging is used fto average or
“smooth out” the analog inputs
used for storage or for triggers. The
averaging applies to all analog
inputs; it can not be enabled for
some and not for others. Once
enabled, the Data Monitor will aver-
age all selected analog inputs and
use that averaged value for both
storage and for the trigger modes.
The Data Monitor can average
from one to eight samples. When
averaging, the current sample plus
the last several samples are used.
For example, if eight samples are to
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Fig. 3. Use extra care when wiring the Dara Monitor's power connecior. A mistake here can destroy

the unit when power is applied.

TABLE 1
Sample Input Output Output

No. Value (Averaging=2) (No Averaging)
1 0 {[0]+0)+ 2«0 0

2 130 (0+130)+ 2=85 130

3 128 (65+128) + Z=86 128

4 133 (96+133)+2=114 133

B 130 (114+130)+2=122 130

& 128 (122+128)+2=125 128

7 128 (1254128)+2=126 128

8 128 (1264 128)+ 2=127 128

9 128 (127+128)+2=127 128

10 128 (127+4128)~2=127 128

11 128 (127+128)=2=127 128

be averaged, the current sample
plus the last seven samples are
used. An example of the effects of
averaging is shown in Table 1.In that
example, an averaging of 2 is used
to show the difference between
averaging the data and storing the
straight values.

Once all of the configuration
information has been entered, the
data is then sent to the Data
Monitor over the RS-232 cable.
Once that is done, the Data Monitor
is then ready to be armed. It can be
disconnected from the PC at this

time and placed wherever it needs
to be. Pressing the Arm/Status switch
will arm the Data Monitor, and begin
the sample and sfore process. You
will see two three-bar characters on
the display, showing that the sam-
ple and store process has begun.
Pressing the Arm/Stafus switch will
display the percentage that the
EEPROM is full.

When the EEPROM is full, or you
have collected enough data, you
can download the information
recorded in the Data Monitor to
the PC for analysis. The same pro-
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gram is used to download the
stored information. Type in the
name of the file that you wish to
save the data in and select a
directory in which fo store it. Press
the OK button, and the software will
download the collected data and
place it in an ASCIl text file with the
name that you gave. The down-
load process can take up to 5 sec-
onds. The downloaded file can be
opened by any standard text edi-
tor or word processor. You can also
use a spreadsheet in order to ana-
lyze and chart the information from
the Data Monitor.

Circuit Description. The schematic
diagram in Fig. 1 shows that the Data
Monitor is built around IC1, a PIC
microcontroller. The circuit needs a
DC power source between 7 and 12
volts that can supply 200 milliamps.
That power is fed through J4. Both a
9-volt battery and a wall-mounted 9-
to 12-volt DC adapter are connect-
ed through pins 1 and 2 of J4, with
pin 5 serving as the ground. Each
power source s isolated from each
other by D1 and D2. The power is
then routed through an on-off switch
that is connected between pins 3
and 4 of J4. The power is regulated
down to 5 volts by IC6 and filtered by
C10-C12.

The rest of the circuitry supports
IC1. Translating IC1’s serial transmit
and receive lines between TIL and
RS-232 voltage levels is done by
IC3. Through that chip and J1, the
Data Monitor connects to a PC.The
pinout on J1 is designed to match
the pinout used on the 9-pin serial
ports commonly found on PCs. An
unusual feature of the serial-inter-
face circuit is R2, which gives a
small measure of short-circuit cur-
rent protection for the RS-232 con-
nection. Any power-supply noise
that might disturb the operation of
IC3 is decoupled by Cbé.

The Data Monitor’s status is dis-
played on DISP1, a 2-digit 7-seg-
ment LED display. The display is a
common-cathode type—all of the
cathodes in each individual LED are
tied together, with the anodes sepa-
rated. The anodes of each digit are
driven from IC1 directly through cur-
rent-limiting resistors RP-R16. In order
to minimize the number of pins
needed for IC1 to confrol the dis-
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Storage Mode :: Immediate

Trigger Mode :: None
Average Off :1----

Time Stamp :: 20:50:22.070

Date Stamp :: 0INO2\97

LISTING 1
Data Monitor Download Data (V1.0) -- JV Enterprises

User Time Scale :: 30 MilliSeconds

Time

20:50:25.297
20:50:25.327
20:50:25.357
20:50:25.387
20:50:25.417

g1

coocooyg

Dg2
0
0
0
0
0

Dg3

oo oo

Dg4 Anl An2 An3 An4
0 88 0 0 0
0 88 0 0 0
0 88 0 0 0
0 88 0 0 0
0 88 0 0 0

Fig. 4. When your Data Monitor is reudy 10 he closed up, it should look something like this. The addi-
tional PC bourd in the foreground is a general-purpose I10-temperature sensor Personality Module
that is described in an accompanying article in this issue. You will need some type of Personality

Module to use the Data Monitor. You can design vour own if vou want.

Storage Inputs
X pigitat 1
X Digital 2
™ Digital 3
™ Digital 4
X Analog 1
X Analog 2
X Analog 3
Analog 4

O

Average Dep!

| —]

User Time Base

Term 1
Term 2
Term 3
Term 4
Term 5
Term 6
Term 7
Term 8

O Dav O Second
O Hour @ Millisecond
O Minute

Data Manitoer

»

Trigger Definition

(T1 and T2 and T3) or (T4 and T5 and T6) or (T7 and T8)

Source

<None>
<None>
<None>

<None>

(o] (] [ie] ] [ie] [re] (] [ie]

Digital Analog

Rise Fall State > < <> Data
Oo0o 0oogol ]
Oooo oool ]
O o o o ool ]
Oooag oool )
Oooo oool ]
Oo0oag ooocl ]
O oo oo ol ]
O o0 oool ]

O Store On Triggef
@ Store Immediate

Fig. 5. Programming the Data Monitor is a snap with this Windows-based program. Selecting the

various features and options is as easy as pointing and clicking with a mouse.
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play. the data to each digit is multi-
plexed. In that way. the data for the
first digit is sent through the resistors
while Q1 is turned on and Q2 is
turned off. Then the data for the sec-
ond digit is sent through the resistors
while Q1 is fumned off and Q2 is
turned on. The process is repeated
every eight miliseconds. At that
rate, the human eye cannot tell that
the display digits are alternating on
and off—the display appears to be
on continuously.

A momentary pushbutton is
wired across J5. That button is used
to arm the Data Monitor and to
activate the display. Normally, the
display is off, helping conserve bat-
tery power. Also, the display will not
update while the button is pressed,
making it a little easier to read.

Connectors J2 and J3 provide
the connections to the Data Mon-
itor’s Personality Module. The use of
each pin is shown in Table 2. The
analog- and digital-input signals are
applied to those pins. The analog
inputs are connected to the PIC's
A/D converter. Two additional pins
are used fo let the Data Monitor
know what type of Personality Mod-
ule is connected to it. The voltage
from a voltage divider made up of
RS and Ré is applied to one of the
unused analog inputs of IC1. That
way, the Data Monitor can also
watch the unregulated voltage
level of its own power supply. and
take appropriate action if the bat-
teries (if used) get foo weak.

Building the Data Monitor. Al-
though the Data Monitor is a
sophisticated information-gather-
ing device. its constfruction is quite
straightforward. If you decide to
etch and drill your own board., foil
patterns are provided. As an alter-
native, an etched and drilled PC
board can be purchased from the
source given in the Parts List. Since
the Data Monitor PC board is dou-
ble-sided, you should make sure
that all connections on both sides
of the board are properly soldered
if you make your own board. A pur-
chased board will have all of the
component and via holes plated,
making assembly much easier.
Microcontroller IC1 must also be
programmed with the instructions
needed to run the Data Monitor.
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Nows’s the time to prepare for a profitable career.

We've lowered the cost of
higher education.

It's true! You can earn a four-year
Bachelor of Electronics Engineering
Technology degree today ... and
prepare yourself for a high-paying
electronics career ... without quitting.
your job or ever leaving your home.
Because World College, an affiliate of
the Cleveland Institute of Electronics,
offers you the total flexibility of indepen-
dent study programs proven effective for
people like you who truly want to suc-
ceed! World College independent st.dy
lessons help you build valuable skills
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1-800-696-7532

step-by-step, and expert instructors are
personally available to you with a toll-free
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Aworld of opportunity.
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from World College, you call the shots,
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World College gives you the skills,
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your own pace!

Withoutleaving home.
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to provide its students with the most
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have an incentive to make your future
happen quickly — yet the freedom
to choose your own pace!

Send today for your FREE
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future you've always wanted —
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from World Coilege.
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Again, a pre-programmed part is
available from the source given in
the Parts List. Blank chips can also
be programmed. The programming
information, along with the com-
puter-interface program, is avail-
able at the Gernsback FTP site
(ftp://ftp.gernsback.com/pub/EN/
datamon.zip).

Once you buy or etch your
board, use the parts-placement
diagram in Fig. 2 for the proper
location of the components. Pay
particular attention to the orienta-
fion of any polarized components.
If a part is soldered onto the board
backwards, removing it will be
much more difficult due to the dou-
bie-sided traces.

Start assembly by mounting all of
the resistors and capacitors. A
socket will also be needed for IC1.
Sockets may aiso be used for the
other ICs, but that is not necessary.

Doing so. however, will make trou-
bleshooting and repair of the Data
Monitor much easier. Connectors
J1-J5 should also be mounted.
Note that J2 and J3 are mounted
on the solder side of the board. The
other connectors are right-angle
types; their pins should point to the
closest edge of the board.

The first semiconductor to be
mounted is IC6. It should be mount-
ed flat fo the board with the metal
tab facing away from the PC board
and the plastic front against the
board—opposite from the normal
way to mount such a component.
Before going any further, the board
should be tfested to see that the
proper voltages appear at the vari-
ous locations of the other semicon-
ductors. If there is a problem or mis-
take in the board, it is easier (and
iess expensive) to correct the prob-
lem now rather than destroying sev-
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Here is the foil patiern for the component side of the Data Monitor PC board.
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eral ICs. Set up a bench-type power
supply for @ volts DC. If you do not
have a bench supply, a 9-volt bat-
fery can be used instead. Connect
the positive terminal of the supply to
pin 1 of J4 and the negative
(ground) terminal of the supply to
pin 5. The output voltage of IC6
should be 5 volts. That voltage
should also appear at the several
power-supply pins on the rest of the
IC locations. Use the schematic dia-
gram in Fig. 1 as a guide as to which
pins should be checked. As a final
test, pin 3 of IC1 should be about 3
volts, Once the board checks out,
the rest of the semiconductors and
DISP1 can be mounted. Double-
check the crientation of the devices
against Fig 2. as you mount them.

Prepare a suitably-sized enclo-
sure by drilling and cutting holes for
the power switch, status switch,
and power connector. Four holes
will be needed for mounting the PC
board to the front panel. A cutout
for viewing DISP1 is also needed in
the front panel. In addition, two 9-
pin connectors will be used for both
the serial interface to the computer
and to connect the monitored cir-
cuits fo the Data Monitor’s person-
ality module.

The wvarious connectors and
switches are wired as shown in Fig.
3. Use suitable connectors for
aftaching the wires to J1, J4, and
J5. The stafus switch simply con-
nects across J5. The computer inter-
face is wired fo J1 connecting pin 1
fo pin 1, pin 2 to pin 2, and so on.
Pay special attention to the wiring
of J4. That connector brings the 9-
volt battery, the external DC wal
adapter, and the Data Monitor’s
power switch together. Do not mis-
wire J4, or the unit will be destroyed
the first time power is applied
Wiring the input connector to the
Personality Module will depend
upon what type of connector and
Personality Module you will be
using.

Once all of the wires are
attached to the various connectors.
mount the connectors and switches
to the enclosure. Attach the con-
nectors at the other ends of the
wires fo J1,J4, and J5. If you are using
the Personality Module described in
the accompanying article, the unit
should look similar fo Fig. 4. Simply
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Here is the foil pattern for the solder side of the Data Monitor PC board. If you etch and
drill your own board. don't forget 1o cannect any foil connections that pass from one side

of the hoard to the other.

screw the PC board onto the spac-
ers mounted on the front panel,
mount the Personality Module onto
J2 and J3, and close up the case.
The Data Monitor is now ready for
testing.

Testing. Now that you have fully
completed assembling the Data
Monitor, you must test it to make
sure it is fully functional. Insert a
fresh 9-volt battery or attach a 9-
volt DC wall adapter to the Data
Monitor. Turn on the power switch
and press the Arm/Status button.
Two single bars should be seer: in
DISP1. That means that the Data
Monitor is ready for communica-
tions with the host computer.
Connect the serial cable from
the Data Monitor to the PC and run
the Data Monitor software., Click on
the “Configure” pul-down menu

and select “Comport.” Choose the
serial port that the Data Monitor is
attached to. Now select “Setup”
from the “Configure” pull-down
menu and set the Data Monitor’s
options to record all of the digital
and analog inputs. You can leave
all other options at their defaults.
With the Data Monitor storing infor-
mation at 30-millisecond intervals,
the setup screen should look like
the example shown in Fig. 5.

Send the setup information to the
Data Monitor by selecting “Initialize”
from the “Configure” pull-down
menu. You should see a “Data
Monitor initialized” information box if
everything went OK. If not, check
both the internal and external
cables and connections. Make sure
that you haven't plugged some of
the internal cables on backwards.

Now press and hold the Arm/
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TABLE 2

PINOUT FOR J2

Pin No. Signal

Digital Input 1

Digital tnput 2

Fewer Oni0i Control

Personality {0 2

My =l | ny -

Personality iD1

Personality 0

4] o

Analog Input 4

2]

Analog Input 3

9 Analog Input 2

10 Analog Input 1

PINOUT FOR J3

Pin No. Signal

5-volt requlated supply

5-volt requiated supgly

9-volt.unregulated supply

Ground

Ground

Ground

~Jj enpea] ] ok pihy | -

Digital Input 4

o

Digital Input 3

Status button. You should see two
three-bar characters on DISP1. Re-
lease the button. The Data Monitor
is now sampling and storing the
data from the analog and digital
inputs. The complete cycle should
take less than a minute. Let the
Data Monitor run until it-is full. You
can check on the progress of the
cycle by pressing the Arm/Status
button. When pressed, DISP1 will dis-
play how full the EEPROM is as a
percentage. The status will not
update while you hold the button.
To update the display, let go of the
button and press it again. When the
status window shows “00.,” the Data
Monitor is finished and ready for
downloading to the host. The dot to
the right of the zeros shows that the
Data Monitor is full. You do not
need to wait for the EEPROM fto fil
completely before downloading;

you can download at any time.
Select the “Download” pull-down
menu and pick "Download.” A pop-
up menu will appear. Choose a
directory and filename for the
downloaded data. Press the “OK”
button, and the soffware will down-
load the Data Monitor and place
the data in a text format in the loca-
(Continued on page 48)
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A Personality Module for the Data Monitor
will get you started with monitoring digital and
analog inputs. You can even track the temperatuve at the same time!

y now, you've probably stud-
Bied the Data Monitor de-

scribed elsewhere in this issue.
You probably have some ideas as to
where such a useful device can be
used. You're ready to roll up your
sleeves and dive right into the con-
struction, but that article says that
you need a Persondlity Module to
connect the Data Monitor to the
outside world. You might not have
the patience or expertise to design
your own, but you'd still like to use
the Data Monitor. It seems like you'll
never be able to use the Data
Monitor.

Enter the General-Purpose 1/O-
Temperature Personality Module!
This add-in circuit board for the Data
Monitor will let you get started with
using the Data Monitor, and just
might be all that you need for all of
your data sampling and event
recording.

How it Works. In order to use differ-
ent sensors for unique monitoring
applications as well as to protect
the internal circuitry from surges and
possible electrical damage, the
Data Monitor is designed to use
what is called a Personality Module.
A Personality Module connects to
the Data Monitor’'s main circuit
board through a 10-pin and an 8-
pin connector.

This Personality Module is a very
simple design. It has buffer circuits
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Here is the foil pattern for the component side of the Personality Module.
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Fig. 1. The Personality Module is a set of simple analog und digital buffers that protect the Data
Monitor's sensttive circuitry. Analog-iput 1 cait also be used to measure temperature.
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for both the digital and analog
inputs, as well as an on-board tem-
perature sensor. The temperature
sensor is designed to connect to
the Data Monitor through analog-
input 1. If you need all four analog
inputs, or you just need to use the
first analog input for whatever rea-
son, a movable jumper block on
the Personality Module lets you
bypass the output of the tempera-
ture sensor. That way, the first ana-
log input has the same buffering
circuit that the other analog inputs
have.

Power for the Personality Module
comes from the Data Monitor itself.
An on-off control transistor is includ-
ed for future compatibility; future
versions of the Data Monitor soft-
ware will let the Data Monitor power
down the Personality Module circuit-
ry in order to conserve battery
power if the Data Monitor is going to
be used in the field where a wall
adapter cannot be used for extend-
ed periods of time.

Circuit Description. The schematic
diagram for the General-Purpose
I/O-Temperature Personality Module
is shown in Fig. 1. The buffering cir-
cuits for the digital and analog
inputs are the same buffer circuit
duplicated for each channel. Only
one of each type of channel will be
described. The other three channels
of each type wil work the same
way.

In the analog channel, the input
signal is buffered by IC2-a, an
LM6492 CMOS rail-to-rail op-amp.
Resistors RS and R6 form a voltage
divider on the input signal. With a
value of 10,000 ohms, the input sig-
nal is attenuated by a factor of 2
for a gain of %. Those values also
present an input impedance of
about 20,000 ohms to the source of
the signal. The op-amp is used as a
non-inverting voltage follower. The
gain of IC2-a is set by R7 and R8,
With those resistors at 10,000 ohms,
IC2-a has a gain of 2, Capacitor C3
along with RS and R6 form a low-
pass filter that has a cutoff frequen-
cy of about 500 Hz with the values
shown. A gain of % followed by a
gain of 2 will have an effective gain
of 1 for the analog buffer circuit.

The digital buffer is built around
IC4, a 74HC14 inverting Schmitt trig-

J1|ow<‘§gaobooo
o

e

IC4

o

Fig. 2. When building the Personality Module, be careful of the orientation of the polarized parts.
Some of the semiconductors are sensitive 1o ESD, especially Q1.

ger. Using a Schmitt trigger helps
clean up any slow-rising digital sig-
nals and prevents any jitters if the
input does not change cleanly from
one state to the other. A low-pass fil-
ter is formed by R21, R25, and C9.
With the values shown, the cutoff fre-
quency is about 910 Hz. Resistor R25
does extra duty by holding a valid
logic level on the inputs of IC4-a if
the input is not being used. Without
it, the input of IC4-a will act like an
antenna, picking up stray noise that
will cause problems with the other
gates in IC4. The input impedance

wiaanar amaricanradinhictans, com

that the external digital signals wiill
see from the input buffer is about
11,000 ohms.

Temperature sensing is done by
IC5, a National Semiconductor
LM50. That sensor is capable of
detecting temperatures between
-10 and +80°C. It has a very linear
output over the full range of tem-
peratures. The output voitage of the
LMS&0 for any particular temperature
can be found by using the formula:

Output Voltage=0.5 volts+(0.01
volts x °C)
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Here is the foil pattern for the solder side of the Personality Module.

For example, a temperature of
20° C would yield an output volt-
age of 0.5 + (.01x20), or 0.7 volts.

The output of the tempera-ure
sensor is then amplified by IC1, a
non-inverting op-amp with a gain of
2.5. That gain increases the voltage
range of IC5 so that it will cover the
full range of the Data Monitor's cna-
log-to-digital converter. The refer-
ence voltage for the A/D converter
inside the Data Monitor is 5.0 volts.
Since the converter is an &-bit
device, the digital value reported by
the Data Monitor is represented by
the following formula:

Reported value=(Input voltage/5)
x 255

A temperature of 20° C pro-
duces an output of 0.7 x 2.5, 0r 1.75
volts. The Data Monitor's A/D con-
verter would output a value of 89,

The input fo the first analog irput
can be switched between the

temperature sensor and the usual
analog input voltage by shorting
the appropriate pins on J4 with a
jumper block. With the jumper in
place between pins 1 and 2, ana-
log input will be routed to the Data
Monitor. If you want to read the
temperature sensor, place the
jumper on pins 2 and 3.

The Personality Module also con-
tains Q1, a P-channel MOSFET, in
order to control the power con-
sumed by the Personality Module.
The current version of the Data
Monitor PIC program leaves QI
always on, so that the Personality
Module is always powered up. As
previously mentioned, future ver-
sions of the Data Monitor soffware
will be able to turn the Personality
Module on only when data sam-
pling is to take place. That tech-
nique will help conserve power
when the unit is operating from a 9-
volt battery.

Connections for the digital and
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analog inputs are made through
J3, with J1 and J2 being used to
mount the Personality Module onto
the back of the Data Monitor's
main board.

Building the Personality Module.
The Personality Module is a simple
double-sided PC board. Foil pat-
terns are included if you wish to
etch and drill your own board. As
an alternative, you can purchase
one from the source given in the
Parts List. In either case, the parts-
placement diagram in Fig. 2 shows
where the various components are
to be located.

All of the components are locat-
ed on the component side of the
board. If you are using a board that
you etched yourself, keep in mind
that you will have to solder connec-
tions on both sides of the board if
you did not plate the holes before-
hand. It is easiest fo begin by mount-
ing the smallest parts first. Start with
the resistors and capacitors. Follow
them with the connectors. Once all
of the passive components have
been soldered to the board, install
the ICs.The temperature sensor, ICS,
should be the second-to-last com-
ponent installed. Finish the board by
instaling Q1. Be careful when in-
staling Q1, as it is very sensitive to
electrostatic discharge. The jumper
on J4 should be installed depending
on whether you want fo use the
Personality Module’s temperature-
sensing capability. Placing the
jumper on pins 2 and 3 of J4 will
select the on-board temperature
Sensor.

When the Personality Module is
finished, inspect it carefully for poor
solder joints, solder bridges, incor-
rectly-installed components, and
other similar errors in workmanship.
Once you are satisfied with your
work, the Personality Module can
be installed in the Data Monitor by
simply inserting J2 and J3 into the
connectors on the back of the
Data Monitor’s main board.

If you want, you can mount an
additional 9-pin connector onto the
Data Monitor's case and connect it
to J3 of the Personality Module. That
way, you will have a convenient way
to connect the Data Monitor to
whatever devices you wish to moni-
tor. You may use any pin numbers
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PARTS LIST FOR THE
GENERAL 1/0 -
TEMPERATURE MODULE

SEMICONDUCTORS

IC1—LT KOS sp-amp, integrated
circuit { Lanear Technologies)

IC2, IC3—1.MB492BEN op-amp, rail-
ter-rini], imtegrmed circul

[CA—T4HC 14 hex Schmilt trigger,
inteerated circuil

TCA—1 MF0 e mperature senson, mie-
erated circuin (National Semiconduton)

H—NVP2I06A P-channel MOSFET
transislor (Zetes)

RESISTORS
(A resestors are d-wall, 5% units.)

Ri1, BRI, RER2(, R25-R28—10,000-ohm _

R, B2I-R24—1000-phm
R4—1500-ohm

ADDITIONAL PARTS

AND MATERIALS

Cl, C3-C14—0.i-mF, axial-ceramic
capacitor

C2—Not used

J1, J2—Square-post connector, straight,
female

J3, J4—Square-post connector, right
angle, male

Jumper block, hardware, etc.

Note: The following item is available
from: JV Enterprises, PO Box 370,
Hubbardston, MA, 01452. E-mail:
JVEnterpri@aol.com: PC board with
silk-screen, plated holes, and solder
mask, $13.50. Please add $5.00 ship-
ping and handling. Massachusetts res-
idents must add 5% sales tax. Check
or money order only.

you wish for the 9-pin connector; just
make a careful note of which pins
are connected to which input
channels. If you are going to use the
temperature sensor, you should drill
severdl holes in the Data Monitor’s
case so that the air around the Data
Monitor will be able to reach ICS.

Circuit Modifications. You can
change the values of the resistors on
the input-buffer circuits if you need
different levels of amplificafion or
attenuation. On the analog input cir-
cuit, the gain of the input resistors is:

R5/(R5+R6)

The overall gain of the buffer is
the resistor gain times the op-amp
gain. To adjust the op-amp gain,
use the following formula:

(R7+R8)/R7
The cutoff frequency of the low-
pass filter on either type of buffer is
found by:

1/(R54+R6) X C3

Naturally, each buffer can be
modified individually to suit your
needs. You could even build several
Personality Modules with different
characteristics. That way, changing
the design of the Data Monitor’s
input circuits is as simple as opening
the case and replacing the Person-
ality Module. Q

DATA MONITOR
(continued from page 43)

The InterIC Protocol

The HIC interface uses a prolocol that
ensures reliable transmission and recep-
tion of data between devices. When trans-
mitting data, one device is the “master” that
generates a clock pulse, while the other
device(s} acts as a "slave” In the Data
Monitor, the PIC is aiways the masler
device, always in control of all data trans-
fers. The EEPROM is “always the slave
device, responding to the PIC's commands.

In the IiC “interface protocol, each
device has an address. When a master
wishes to start a data transfer, it first trans-
mits the address of the device that it wants
to “talk” to. All of the devices on the 11G bus
listen to see if the address being sent is
their address; only the target device
respohds. Within the address fisld, one bit
specifies whether the masler wishes to
read or write to the larget device. In the
Data Monitor, IC2 {the EEPROM) has a
fixed Constant in the addrass field because
it is the only slave davice on tha lIC intar-
face Bus, so it does nat need an address.
in any case, the master device generates
the clock for the data transfer. In the Data
Monitor, the clock is fransmifted on pin 20
of ICt, and the data iz transmitted and
received on pin 25. For mora detailad infor-
mation, Microchip's databooks are excel-
lent saurces for their devices (the PIC and
the EEPROM). The original specification
from Philips and Signatics, “Tha |IC Bus
and How to Use " iz also an excellent
source of information.- "~ ~ ©

fion and under the name that you
chose.

Open the download file with any
text-viewing program. Because all
of the Data Monitors inputs were
left unconnected, all of the digital
and analog inputs should report “0.”

WWW americanradiabiciaonm - oora

if you happen to be using the 1/O-
Temperature Module described in
the accompanying article, analog-
channel 1 should be reporting the
current temperature. See that arti-
cle for a detailed description of
how tfo interpret the values. A typi-
cal download file should look similar
to Listing 1.

Connect a 4%-5-volt source to
the first digital channel. Repeat the
above procedure: configure the
Data Monitor, collect the data sam-
ples, and download the new data
to the PC. If you want, you can use
the same file name as before. The
contents of the data file should be
the same as before except for the
first digital channel, which should
report *1” instead of *0.”

Repeat the above steps three
more times for each of the other
digital inputs. Verify that the Data
Monitor reports the correct logic
state for each of the tests. At this
point all of the digital inputs are ver-
ified and operational. If any test
failed, check all the connections
and correct any mistakes.

The analog channels will be test-
ed next. Attach a 2%-volt bench-
type power supply to the second
analog input and the Data Monitor’s
ground. Configure, initialize, arm, and
download information from the
Data Monitor as before. You should
see that the second analog channel
has a value of about 128+1. As with
the digital channels, test each ana-
log channel in the same way.

The Data Monitor is now fully
operational and needs only the
addition of a personality module to
be ready for use. Details on a suit-
able module can be found begin-
ning on page 44. Congratulations
and happy monitoring! Q
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Explore the mysteries of human

perception, or just

impress your friends
with a piece of
workbench
“magic.”

-

/

s S

EXPERIENCE THE

FECHNER
PHENOMENON

ow would you iike 1o
H enjoy some workbench

entertainment, ancl, at
the same time, explore the basics of
human perception? You can do
that by creating a “Fechner” Disc,
which, for those unfamiliar with it, is
simply a piece of paper containing
a circular black and white pattern.
When you spin the disc at a precise
four rotations-per-second, the black
lines in the pattern suddenly taks on
vivid colors. Spin the disc clockwise
and the outer lines become rec, the
middle lines green, and the inner

lines blue. Reverse the spin direction,
and the color order reverses.
Setting up the demonstration is
easily done using the disc presented
in Fig. 1 and parts that are found
around most electronics work-
benches. First, cut out the disc pat-
tern and mount it on a matching
piece of light cardboard to give it

wwwW americanradiohistorvy com

DAVE SWEENEY

Fig. 1. Believe it or not.

. . if this black and white disc

s spun at a precise four rpm.

" the human eye will see lines of
~" red, hlue. and green.

d

strength. Next, aftach the disc to the
shaft end of an electric motor
mounted in a vise. Power the motor
through a speed-control circuit and
get the disc spinning af just the right
speed. When you see the colors,
invite friends and family for a dem-
onstration of something important.
Ask them to observe the colors.

MON S21U0I103(T ‘866 [Lidy

F
w0


www.americanradiohistory.com

Electronics Now, April 1998

[3]
o

LISTING 1

%!PS-Adobe-1.0

%% Fechner Disc Image
.5 setlinewidth

0 setgray

%All structures define arcs as follows: center x, center y, radius, start angle, end angle

% The perimeter circle
270 350 250 0 360 arc
stroke

% The half black circle
270 350 250 0 180 arc
filt

stroke

%The inside line segments
newpath

270 350 122 180 240 arc
stroke

newpath

270 350 125 180 240 arc
stroke

newpath

270 350 128 180 240 arc
stroke

%The middle line segments
newpath

270 350 131 240 300 arc
stroke

newpath

270 350 134 240 300 arc
stroke

newpath

270 350 137 240 300 arc
stroke

%The outer line segments
newpath

270 350 140 300 360 arc
stroke

newpath

270 350 143 300 360 arc
stroke

newpath

270 350 147 300 360 arc
stroke

showpage

%%Trailer
%%Pages: 1
%%EOF

Mention the rings and point out the
locations of the red, green, and biue.
When they agree that they see the
colors, have them focus on the disc
as you cut power to the motor. The
disc stops rotating and, presto,
there’s no more color. Your astound-
ed subjects will stand in awe and
might be heard to mutter: *Cool.”

Gustav Fechner. The optical effect
discussed above is called the
Fechner Phenomenon and is

named after Gustav Fechner (1801-
1887). who studied mental per-
ception and developed early the-
ories of psychophysics. Born in
Gross-Sachen, Prussia, Fechner re-
ceived a medical degree at the
University of Leipzig, then studied
physics and mathematics. in 1834,
he was appointed Professor of
Physics at Leipzig.

Although he was essentially a
physicist, he turned to the problems
of philosophy and concentrated on

the entire spectrum of perception.
Considering the interaction of the
mind with matter, he developed his
theories of psychophysics. Other sci-
entists have examined his theories
and have written about them. More
information about Fechner can be
found by searching the World Wide
Web, as well as by visiting your local
liorary.

Color Perception and The Fechner
Disc. The basic workings of the
human eye are well understood:
Focused by the lens with brightness
limited by the pupil, light stimulates
the retina and sends visual informa-
tion along the optic nerve. Our brain
detects that information, and based
upon signals from different elements
within the retina, defines a visual
image. The retina contains photore-
ceptor cells called rods and cones,
and it's the cones that specialize in
daylight and color vision (see Fig. 2).
So, then, how does a spinning
black-and-white disc ftrick the
human mind into seeing color?
While the complete mechanism is
not totally understood, it is believed
that while viewing the spinning disc,
the signals transmitted along the
optic nerve probably contain some
of the same frequencies and the
same waveshape as cone signals
from actual color content in a
viewed object or scene. It is impor-
tant 1o remember that color is sim-
ply the human mind’s interpretation
of transmitted and reflected elec-
fromagnetic radiation of a particu-
lar frequency, that color perception
can vary among individuals, and
that image perception can de-
pend greatly on the surrounding
background. Interestingly, a mono-
chrome videotape of a Fechner
Disc image played back on a raster
scan, monochrome television gen-
erates the same color effect as a
“live” Fechner-Disc demonstration.

Speed Controller for the DC Motor.
While there are many educational
and philosophical aspects to the
Fechner Disc demonstration, you'll
probably want to do it just for the fun
factor. The good news is that you'll
not have to spend a lot of time or
money on building the setup.

The most important component
is, of course, the motor. An inexpen-
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PARTS LIST FOR THE
MOTOR-SPEED CONTROLLER

SEMICONDUCTORS

IC1—555 timer IC, integrated circuit

1C2—LM317T voltage regulator, integrated
circuit

Q1—2N3904 NPN transistor

RESISTORS

(All resistors are Ya-watt, 5% units
unless otherwise noted.)

R1-—4700-ohm

R2—10,000-ohm, potentiometer

R3, R8—270-ohm

R4-R6—1000-ohm

R7—4700-ohm

R9—10-ohm, 5-watt

CAPACITORS

C1—20-uF, 15-WVDC, electrolytic
C2—0.02-uF, 15-WVDC, eiectrolytic
C3—10-uF, 15-WVDC, electrolytic

ADDITONAL PARTS

AND MATERIALS

MOT 1—Hobby motor, RadioShack 273-
231 or similar

Fechner Disc (see text), pert board, wire,
solder, etc.

sive hobby motor will work fine as
long as it is reversible, but there is
another important reguirement: it
must be capable or turning at a rel-
atively low rate of four 1o five rota-
fions-per-second. Since that rate is
very slow for your typical hcbby
motor (most spin at thousands of
rom at their rated operating volt-
age). we need some way to recuce
that speed. One approach i3 to
place a potentiometer in series with
the motor. Unfortunately, that won't
work well with most motors. That's
because most motors will simply
stop once the applied voltage is sig-
nificantly below the rated operating
voltage. Besides, we need a way to
precisely control the rate of revolu-
tion, and it is nearly impossible o
achieve the needed precision using
just a potentiometer.

Instead. we will use the apprcach
shown in Fig. 3, which iliustrates a
concept for using a variable volt-
age regulator to run a smatll motor.
In its normal configuration, pin 3 of
the voltage regulator connects to a
potentiometer, which controls the
output voltage. However, for our
motor-confrol circuit the poten-
tiometer is replaced by a pulse gen-
erator, which means that the output

Fig. 2. Light from the spinning Fechner disc enters the eve through the pupil. stimulates the rods
and cones of the retina. and is passed hy the optic nevve 1o the hrain.

INPUT|  VOLTAGE

INPUT | - — 0

e REGULATOR |REGULATED M”,‘SJT‘;ZE

- ouTPUT 1
ADJUST

N

Fig. 3. 1nits normal configuration. the output of
a motor-control circuit like this one is varied
using a potentiometer connected (o the regula-
tor's ADJUST pin. but in our circuit the poien-
tiometer will he replaced with a pulse generator.

Figure 4 provides the circuit
details for our controller. The speed
of motor MOT1 varies with the out-
put frequency of IC1, a 555 timer
wired as a pulse generator. Pulses
applied to the base of Q1 turn it on,
which in turn modulate the ADJ pin
(pin 3) of the LM317T regulator, IC2.
The resulting pulsed power to the
hobby motor provides a voltage
that is sufficient for starting the
motor, yet provides a low average

+5VDC e
R9 :‘
1 102 '
H ERE Y
SR LM317T e
3 <
$ i« s
l 2700 L
Q1 - c3
2N3904 R7 ¢ 1015
47K €
AW L
Rs - -
1K
1 r+5vDC +
R1 SPEED
47K R2 R3
3 5 10K 2700
g AAA — AAA
D A A 4 Yy
= 2 7
o Ic1
3] 555 |6 A
ci
4 5 R4
2015
i 1K
c2
= 0215

Fig. 4. Here's the schematic diagram for our motor-control circuir. 1t allows a stundard hobby motor

to turn at a precise four rpni.

to the moftor takes the form of a
frain of pulses. The amplitude of the
pulses is sufficient to move the rotor:
however, the average power varies
with pulse frequency and the motor
speed varies with the average
power. As a result, controlling the
pulse frequency provides the motor-
speed control we need.

www americanradiohistorv com

power, and thus low speed. In the
circuit shown, resistor R2 and capac-
itor C1 determine the pulse rate. By
adjusting R2, you confrol the pulse
frequency applied to the base of
Q1, and thus the running speed of
the motor.

There is one drawback 1o the use
(Continued on page 64)
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ow that all of the pre-
liminary steps de-
scribed last month

have been satisfactorily
completed, you should have
a “functioning” tape re-
corder. This month, we’ll find
out just how well your tape
recorder is functioning. As-
suming you find it is not en-
firely up to factory specs,
you will need to determine
whether the reasons for this
are simply a matter of adjust-
ment, or require component
replacement. Finally, we’ll
describe critical alignment
steps needed to bring ouf
the best possible perfor-
mance from your vintage
audio recorder.

We're going fo start with
the tape recorder’'s mech-
anical section. We already
know the basic electronic
functions are at least work-
ing at some minimum perfor-
mance level, and that will be
adequate for the “ultimate”
mechanical test—wow and
flutter (W/F). Conversely,
however, if the mechanical
adjustments and alignments
are not alt "up to snuff”, you
cannot accurately perform
the electronic specification
checks and adjustments.

Okay, let’s begin. Now you could
jump ahead to the W/F spec mea-
surement and try to get a "bottom-
line” idea about the mechanical
section before (or presumably in lieu
of) performing the following tests,
but | don't recommend it. These
tests will give you an excellent
portrait of the condition of your
machine. Remember we're doing a
restoration here, not a repair. Further,
they will alert you to wear or misad-
justment conditions that may be
masked during the W/F test, but
nonetheless are crying for attention.

Tensions. First, let’s check the take-
up and supply reel tensions. Please
recognize that we can only provide
general guidelines here, with “ball-
park” specs. The actual specs are
those originally provided by the
manufacturer of your machine.
Regarding those tensions, however,
the ballpark numbers will probably

RESTORING
AHREEL!!
RECORDER

This month we look at the
final steps in bringing your

vintage open-reel recovder

back to its original glory.

PHIL VAN PRAAG

suffice for your model as well.
Remember how we did a crude
form of this test with our finger dur-
ing the preliminary test. Well, now
we'll actually measure the tensions.

To do this, you will need an
empty reel, some string, and a
spring tension gauge capable of
reading up to 10 or 15 ounces.
Faster one end of the string to the
hub of the reel and place it on the
take-up turntable. Now manually
wind the string onto the reel clock-
wise a couple of revolutions, Fasten
the other end of the string to the
gauge. Now, with the recorder in
play mode, and with the motor

wwWwW.americanradiohistorv.com

shutoff defeated (as in the
preliminary test), allow the
string fo continue winding
onto the reel while ensuring
that the string is not binding
against either reel flange
and that the spring gauge
is held parallel to the string.
Read the tension as the
string is slowly winding; it
should be about three to
five ounces.

If it’s much less than three
ounces, it could cause the
tfape tfo wind too “loosely”
onto the reel, that could
cause “bunching up” on the
reel when it is subjected to
the high tension encoun-
tered during the start of
rewind mode. It can also
result in a sudden jerking of
the tape a second or two
after the start of play mode
if tape slack is formed as
play is initiated. On the other
hand. if the take-up tension
exceeds about seven or
eight ounces, that could
cause the tape to be
“yanked” (how's that for a
technical term!) through the
capstan/pinch-rolter areq,
resulting in uneven fape
speed, high W/E and per-
haps even tape stretching.

A similar fest should be per-
formed on the supply side (excepf,
of course, winding the string
counter-clockwise instead of clock-
wise). Supply-reel play-mode ten-
sion is offen somewhat less than on
the take-up side, with normal read-
ings at about two to four ounces.

The adjustment for play-mode
reel tension is either rather easy,
or rather difficult, depending on
whether this is a three-motor or a
single-motor machine. If it's a three-
motor machine, an adjustment can
usually be made via slide rings on
large power resistors connected
to the supply and take-up motors.
Hopefully, you have located a
schematic diagram of your record-
er, or at least an adjustment pictor-
ial, to help find the appropriate
resistor(s). If not, you might be able
to visually (or through the use of an
ohmmeter) trace down to the
proper component,

if you have a single-motor ma-
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Fig. 1. A typical take-up turntable-clutch assembly from a single-motor recorder. The felt pad is
used as a “slip clutch,” transferring rotatronal force on an as-needed hasis to ensure smooth wind-
ing of tape onto the take-up reel. Great care must be used to avoid oil or grease contamination of

either the felt or its mating surfuace.

chine, chances are the supply and
take-up tensions are created
through the use of a “slip/cluich”
contraption, usually formed by a
cotton/felt pad slipping on a
smooth nylon plate or plastic film
washer, Figure 1 shows a typical
take-up turntable clutch assembly.
Driving force is transferred to this
assembly from the motor via a belt
or rubber idler. Therefore, the cause
of tension problems can be from
any or all of the above items. Belts
should be soft and supple., and sfill
possess sufficient tension to ade-
guately drive all associated pulleys.
If cloth belts were used. check for
excessive fraying, or general de-
composition, as well as tensioning
and free rolling of the spring-ten-
sioning pulley. Idler rubber must be

soft enough, and free of flat spots or
gouges, to evenly and reliably drive
their associated pulleys.

Pernaps the most likely culprit in
single-motor tensioning problems,
however, is the slip clutches them-
selves. Occasionally, reconditioning
is possible; but the majority of cases
require the replacement of both the
felt material and the nylon/plastic
surface. In any event, the entire
turntable assembly must be disas-
sembled to gain access to those
parts. That is often a difficult task for
the uninitiated; so, if you don't feel
up to it, this may be the time to call
for professional help. If you do
attempt this repair, be sure to take
careful note of all the little washers,
clips, and other hardware that will
need to be removed along the way.

Also note the sequence of removal,
as that will need to be precisely
reversed when re-assembling.

Once you have goften to the slip
clutch, inspect it for obvious dam-
age. Usually, you will find that the felt
has compressed somewhat be-
cause of the tension against it for
many years. If it is not shiny, however.
and if the compression has not
resulted in a loss of reel height (as
would be evidenced by the tape
scraping on the upper reel flange).
then it may still be serviceable. Now
look at the nylon/plastic surface.,
It must not have any abrasions, de-
posits, or any other surface rough-
ness of any kind. If it does, ordinarily
it should be immediately replaced.
Unfortunately, that is often not possi-
ble; in that case your next line of
attack is to attempt refinishing via
very light scraping and/or polishing
of the surface. That will sometimes
work; unfortunately, the only way to
find out is to completely re-assem-
ble the turntable assembly and see
what happens. That can be one of
the more frustrating aspects of the
restoration process; but hang in
there, eventually you will get it right!

Though of somewhat less con-
cern, the other reel tensions to con-
sider are the brake tensions. We
can’t get as specific here because
of the wide variance in the brake
methods used over the years, as
well as the means of measurement
and adjustment. The good news is
that as long as the tape is not
being unduly stressed or slackened,
after the brakes are applied. and
as long as you are satisfied with the
amount of time it takes for the reels
to stop (once again, specs vary
widely here), then you are okay.
After all, the brakes are totally out
of the picture during play or record
(actually, even here there are a few
exceptions).

If you have access to the origi-
nal factory specs, or if tape dam-
age could occur if something isn’t
done, go ahead and check out
and/or make some adjustments. If
you have a three-motor machine,
the most common adjustment is at
one end of the brake band. A typi-
cal brake band configuration for
three-motor designs is shown in Fig.
2. Sometimes the adjustment takes
the form of moving to a different
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spring stop along a tab at the end
of the band; other times it's a mat-
ter of bending the tab slightly, rela-
five to a stop post. In single-motor
machines, perhaps it's a heavier
tension applied to the same slip
clutch used to create play-mode
back tension. If that is the case. the
repair you performed fo correct
play-mode problems might also
take care of the brake issue.

Note that there are two different
brake specs for each tumntable; one
for each direction of travel. The ten-
sion spec for one direction will be
perhaps as much as double that of
the other direction. To give you at
least some point of reference, the
three-motor Ampex Model 350 has
specs of 7 and 14 ounces at each
turntable, using the string measure-
ment method described above (this
fime with the fransport in stop
mode), but based on a 101,-inch
reel instead of a 7-inch reel. It's
important to note the type of reel
used in conjunction with the specifi-
cation, since different reel sizes will
have different hub diameters.

Pinch Roller. Let's spend a few
moments discussing the pinch roller
and its contact with the capstan
shaft. First, having gone through all
the preliminary cleaning and lubri-
cation, the pinch roller should spin
free, exhibiting no sluggishness. If it is
sluggish, remove it from its shaft and
clean both the shaft and the inside
of the pinch-roller wheel again.
Then apply a couple drops of oil
and re-assemble. Now, with the
recorder power off, push the roller
very lightly against the capstan
shaft (depending on the mechan-
ics, you might have to move the
operating lever into play mode in
order to do this—as is the case with
the Tandberg 3000X shown in Fig. 3).
With your head at capstan level
and one eye closed, sight down
the area at which the pinch roller is
making contact with the capstan.
With just very light pressure, ensure
that the edge of the pinch roller is
perfectly parallel to the capstan. As
you ease the pressure on the pinch
roller, check that the amount of
clearance between the two as the
pinch roller is moved away is identi-
cal top and bottom. That is impor-
tant as the tape will tend to skew

b3
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Fig. 2. Typical brake bands found on three motor recorders. The same precautions apply with the

felt band linings—do not moisten and avoid oil or grease contamination.

upward or downward if the two are
not parallel.

Contact pressure between the
pinch roller and capstan during
play or record is also important,
Obviously, it needs to be sufficient
to drive the tape without slippage
due to take-up-reel back tension.
However, it also should not be too
great, otherwise it could exert
undue strain on the upper capstan
bearing. Unfortunately, most manu-
facturers do not have a spec on
this; so you are left to your own
judgment as to whether the force
you observe and feel is sufficient,
but not excessive. Another factor in
the amount of contact pressure
required is whether the pinch roller
has hardened, or whether the cap-
stan shaft has become too smooth
as a result of wear. (You will note
that the capstan shaft usually has a
satiny finish when it comes from the
factory. | have seen capstan shafts
with lots of wear that have mirror
finishes over the %-inch tape-con-
tact area.)

Just to provide a balpark num-
ber here, the Crown $X822 (a three-
motor machine with a solenocid-
actuated pinch roller) calls for a 10-
to 12-pound pressure, measured by
pulling straight down on the bar to
which the pinch roller is mounted.
The end of the bar is located at
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about the outer circumference of
the roller. The adjustment was made,
as was common for solenoid-oper-
ated pinch rollers, by tightening or
loosening an adjustment nut locat-
ed on a spring arm. Non-solenoid
operated assemblies often had no
means for adjustment here. If that is
the case with your machine, double
check all of the other possible caus-
es of sippage mentioned above; if
that still doesn’t do it, then consider
replacing the spring that holds the
pinch roller against the capstan.
Before proceeding with the W/F
measurement, take a final look at
any rollerstyle tape guides. Those
rollers (many of which have ball-
bearing race assemblies) should
spin freely, with no visible signs of
embedded dirt still lurking in the cor-
ners or edges. It's a good idea to just
disassemble these roller guides,
clean them thoroughly, and lubri-
cate as you put it all back together.

Wow/Flutter Measurement. Finally,
let's go ahead and perform the
W/F measurement. By this fime, you
should have taken care of all major
mechanical subsystems, so | would
expect decent results. However,
don’t be surprised if it doesn’'t quite
meet spec the first time. While there
are many factors that we have
already checked, there are proba-
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OFF

PINC:H ROLLER

chines, such as this Tandberg Model 3000X, the transport function lever musi (¢
{ay position in order to check that the tape-contact surface of the pinch roller is

the capstan shaft.

others that we haven't;

which really can’t be

4, from a practical stand-

without replacing suspected

aponents and comparing the
sults.

If you have a pre-recorded W/F
tape. thread it up. set the appropri-
aote tape speed. connect the
recorder's playback pre-amp out-
put to your W/F meter, and “let “er
rip.” If you don’t have ¢ prerecord-
ed W/F tape. don‘t worry about it
You can record the flutter test fre-
quency directly onto the machine
you're restoring (unless, of course,
it's a “play-only” machine) and
then simply play it back. The lafter
method does, technically, allow
errors to creep in due to alternate
reinforcement and canceling of
the flutter componerits upon subse-
quent playback. However, the
results obtained using this tech-
nigue will be close enough.

Just take the time to record a suf-
ficient length of tape. and then
study the meter when playing back.
Look at the dips and peaks for
about a minute. This should allow
you to observe the “usual” peak
and average levels, as opposed to
the “occasional” peaks and aver-
ages. The reading of W/F is always
somewhat subjective; not using a
prerecorded tape simply makes it a
bit more subjective. Some W/F-
meter manufacturers recommend
making several test recordings. and
use the “average of the peaks” as
the “official” W/F number.

Several methods have been
used by manufacturers fo express
their W/F specs. Sometimes they will
not state whether the published
number is “peak” or “rms;” other
times they will state “average peak”
or “average rms;” still other times
they will not stipulate whether the
number is “weighted” or “unweight-
ed”. But, at least by now you wil
know the W/F of your machine; and,
if you happen to own more than
one, it can be a point of relative
comparison between them.

If your reading is obviously out of
spec. then | would recommend the
following sequence: First, double
check all of the mechanical work
you have done thus far. Next, review
your log of this machine, looking
back to the very first cleaning-relat-
ed observations. Are there any clues
there that might lead to a cause for
this condition? If neither of those
steps help. then you will need to
explore new ground.

it is always possible that a bad
bearing somewhere is causing the
problem. Listen very carefully to
the sounds emanating from the
mechanics as you play a tape. Are
there any grinding. or raspy sounds?
Sometimes, with the W/F meter stil
connected, you can smultaneously
see and hear abnormal fluctuations
in sight and sound., synchronized so
as to point out the source. You might
try replacing the capstan-motor
capacitor  (often  somewhere
between 2 and 4 mFf, at about 350
volts).
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Fig. 4. The various adjusiments needed 10 bring
tape heads into proper alignment.

If any of the above doesn’t
resolve the problem, at this point
tracking down its source becomes
more difficult. At the factory, or at a
field service center, the technician
would most likely start swapping out
major parts, like capstan motors, to
try to isolate the source, Obviously.
that is even more difficult today.
owing to a lack of replacement
parts. If you happen to own fwo
identical machines, then this is the
time to drag out the other one and
swap parts, one at a time. It's not
pretty, but eventually you will find
the problem this way; unless, of
course, the second machine has
the same problem. This does hap-
pen, when you consider that high
wear items—or really any weakness-
es—can easily be the same for iden-
tical model machines.

Now that we’'ve gotten the
mechanics “beaten intfo shape.”
let’s move on 1o the electronics.

Tape Path Alignment. First, we're
going to tackle tape-path and
head alignment. If things here are
not perfectly aligned, the electronic
performance of your recorder will
suffer. During a restoration. proper
alignment should be assured before
making any other electronic adjust-
ments.That alignment includes verti-
cal height, wrap. filt, zenith, and
azimuth.

A primary issue here might be
wear: if the tape path is well worn
(e.g., substantial grooves worn into
the head faces). then it might be
best not to attempt any tape-path
alignments. If that is the situation
with your machine, then be espe-
cially careful to read the following
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alignment information in its entirety
before deciding whether to per-
form this step.

Before you consider making any
head adjustments, take a close look
at the tape path as you are playing
a tape. With good room lighting,
and perhaps enlisting the assistance
of a small flashlight, closely sight
down the tape path, watching the
reflection of light from the tape
backing. That is an excellent way to
ensure that the tape guides have
not become bent or misadjusted. If
for example, you see one edge of
the tape crimped against a particu-
lar guide, that could be an indico-
fion of trouble. However, be ex-
tremely careful before adjusting
anything. Take careful notes of all
abnormalities; and, if you do make
any adjustments, be sure to note the
extent of the adjustment. It might
subsequently turn out that that was
not the source of the problem. If so,
you will want to return the adjust-
ment fo its original setting.

Make sure that alignment tools to
be used in the head area are all de-
magnetized or non-metallic before
you begin. Also, take a look at Fig. 4,
which will familiarize you with the
various head-adjustment parame-
ters along with the common adjust-
ment-screw locations. Note that
these adjustments may or may not
be located just as shown; and in
some cases, not all of these adjust-
ments may be present.

Figure & shows the proper frack
spacing for most Y%-inch open-reel
tape standards. While track spacing
relative to the tape edge is obvious-
ly very important, it's not something
you can do much about during
a restoration process, unless, of
course, you need to replace a
head. The reason is that many
“used” machines have developed
a wear groove across their front
face as a result of tape friction. If, for
some reason, vertical head position-
ing has goften out of alignment (it's
unlikely this happened at the facto-
ry). the odds are that the wear
groove reflects that condition. If so,
and if you were to readjust the verti-
cal position to conform with Fig. 5, it
would create an “overlap” condi-
ficn over one edge of the groove.
That would most likely mean the cre-
afion of an air gap between the
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Fig. 5. Track spacing standards for popular Y-inch tape audio recorders.

head and the tape at one side.
The result of this could be vertical
tape skew, increased tape wear,
poor high-frequency response, and
reduced S/N on the track(s) closest
to the air gap. The bottom line here
is that it's not a good idea to mess
with the vertical head alignment on
used machines whenever a wear
groove is present.

If you have a four-tfrack machine,
and do not hear any crosstalk
(from alternate tracks) when play-
ing commercial prerecorded tapes,
then the odds are that your play
head is in proper vertical alignment.
With a two-track machine, you will
have to rely on careful visual obser-
vation.

The erase-head gap is typicalfy
slightly longer than that of the
record head, so erase-head height
is usually not an issue. However, that
can be easily verified, and you don't
even need instruments to read the
result. Simply record a 1-kHz peak
signal; then rewind and place the
machine in record again, this time
with no input signal, and while mon-
itoring the output by ear. If you don’t
hear any trace of the 1-kHz tone, the
erase-head height is okay. Note,
however, that even if you do sfil
hear the tone faintly, it doesn’t nec-
essarily mean that erase-head
height is to blame. It couid also be
inadequate current flowing to the
erase head, perhaps due to weak
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Fig. 6. Typical playback-amplifier equalization curves.

emission of the bias/erase oscillator
fube, or a leaky oscillator capacitor.
If you have a schematic diagram of
the electronics, check to see if a
current or voltage specification is
given for the erase signal.

Tape wrap has to do with the
extent of tape contact across the
head, and is a function both of the
shape of the front of the head
{(which, obviously, you can’t con-
frol—but remember this if you
replace a head with a non-identical
substitute), and the “penetration”
the head makes into the line of the
tape path. Penetration is sometimes
adjustable, usually by moving the
platform onto which the head is
mounted forward or backward.
Excessive penetration might be, for
example, where the head pushes
the tape far enough forward to
where it is lifted from the adjacent
guides, or another head. Insufficient
penetration would be where the
head barely touches the tape.
There’'s no mathematical precision
here; just look at how the heads are

situated relative to the penetration
issue. For example, often the record
and play heads have similar geom-
etry, and so one might expect a sim-
iiar tape wrap. Another clue is to
look very closely at the groove worn
into the head face. If the tape wrap
is such that it’s not covering a por-
tion of the wear areq, that could be
an indication that tape wrap is now
insufficient.

A related adjustment (called
“zenith™) ensures that the head gap
is centered within the portion of the
tape that is in contact with the
head. If a significant wear groove is
present, however, it might be better
to leave this adjustment alone.

The “filt” alignment ensures that
the “front-to-back” angle of the
heads is correct with respect to the
tape. If it is off, the tape will have
more head confact on one side
than on the other. One way to
observe that is fo fook at the wear
pattern on the head. If it is in the
shape of a trapezoid instead of a
rectangle, you likely have a poor filt
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adjustment. As with head height, it’s
not a real good idea to go making
changes if this situation has been
around long enough o create a sig-
nificant trapezoidal groove. How-
ever, if the tape wrap is fairly exten-
sive, it might be okay to make a
small correction here. You might be
best off to just note the problem,
and then see how successful the
rest of the electrical spec checks
and adjustments are before chang-
ing the tilt settings. If all else comes
back to spec, and the “dropout”
level (instability in playback level) is
tolerable, then leave it alone.

Next, we'll tackle azimuth adjust-
ments, which will ensure that the
record- and play-head gaps are
perpendicular to the length of the
tape. The first check should be
made on the play head, and you
will need a standard alignment
tape to accomplish this. Typically
these tapes will have a number cf
recorded passages, often with a
voice lead-in to identify the next
passage. (If you have need for an
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alignment tape, you may contact
the author c/o EC Designs at the
address given in the “For More
Information” box for suggestians.)
The passage of interest here is a
high frequency tone (often 10 kHz).
Before playing it. identify which
screw on the play-head platform
influences the azimuth angle, and
clean off any locking paint as nec-
essary. Adjust for a peak level while
watching an output meter, then
take careful note of the extent of
adjustment (ust in case you need 1o
reset it later).

Now let’s align the record-head
azimuth. (f your machine has a
combination record/play head,
you're done; just go to the next
adjustment.) Set up the machine to
record a 10-kHz tone onto a blank
tape, at a level of about -15 dB.
While watching the simultaneous
play-head output on a meter, adjust
the record-head azimuth very slow-
ly for a peak reading (note that
there is a delay between the time
you make the adjustment and the

time that portion of the passage
reaches the play head). Again, write
down the amount of adjustment
needed.

That completes the head-align-
ment process. Before we leave the
subject of heads, and get into fre-
quency response, it’'s probably
worthwhile to spend a moment on
head wear. While all tape heads
wear out eventually, they do last a
long time. Typical head life from an
early 1970s machine, using premium
tapes, could be 4,000 hours or more,
There’s no sudden, magic point
where the heads become useless.
Rather, the wear process is gradual,
eventually affecting the electrical
specifications. Further, different
model heads have different head-
gap depths and are composed of
different materials with still different
wear characteristics. What I'm say-
ing here is to not rule out a set of
heads just on the basis of the size of
the wear groove. Check the electri-
cal specs first. See what effect bias
and level adjustments might have,

MDADAL SOl o 0 o diohicton: a0

You might discover that there are still
hundreds of hours of life remaining!
On the other hand. improper
cleaning of the tape path very
often spells premature doom for the
tape heads—if not in the form of
poor frequency response, then per-
haps in the form of excessive
dropouts (maybe as a result of
“craters” formed on a head face
due to a glob of oxide stuck there
for a long time). While it certainly
pays to carefully note those issues
when evaluating a machine for po-
tential purchase, once again don't
categorically rule it out on the basis
of improper wear; just be cautious.

General Adjustments. Now that
we've gotten the mechanics back
to spec, and we're confident that
the tape heads are aligned proper-
Iy, what's left is a number of general
electronic checks and adjustments.
Please note that the following pro-
cedure is very general in nature.
Tape recorder electronic designs
vary widely; and, as such, you are
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always befter off if you have the
manufacturer’s alignment instruc-
fions. If you do, then follow those
instructions in lieu of the following. If
you do not, then proceed with the
following instructions, but bear in
mind that this might not be the opti-
mum way to set up your machine.
While this procedure will work, a few
things might get overlooked, and
other things may have fo be done
twice due fo interacting conftrois.
The approach we’re going to
take is to first make a few assump-
tions. If frue, we can streamline the
remaining electronics alignment. (If
they are not true, we’ll find that out
anyway, in the process of the tests
we perform.) These assumptions are
based on the electronic alignment
controls still appearing to be at (or
near) their original factory setfings.
and on the overall condition of the
electronics appearing o be excel-
lent (and/or you have dalready
replaced any “suspect” compo-
nents—leaky wax/paper capaci-
tors, weak fubes, etc.). If these
assumptions are correct, then it’'s a
good bet that the equalization and
approximate record- and play-level
cdlibrations are close to spec.

Frequency-Response/Bias Adjust-
ment. Let’s fake a look at the fre-
guency response. To do this, con-
nect your audio oscillator and THD
analyzer (assuming that it also hous-
es an audio voltmeter), and thread
a blank tape of the formulation you
will be using on this recorder. If the
machine has separate record and
play heads, this process will proceed
much faster as that will allow simul-
taneous playback monitoring as
you adjust the bias. (We’ll assume
this configuration for the following
adjustments. If you do not have
playback capability during record,
you will have to alternately record,
then play back several times to find
the optimum settings.)

Initially, set the oscillator o 1 kHz
and a level of 0 VU on the recorder
meter. Now, reduce the oscillator
level by 20 dB, and, while monitoring
the source with the external volt-
meter, set the voltmeter pointer
(achievable if your instrument has a
“set level” mode) to a 0 VU meter
reading. Now place the machine
intfo record mode (let’s start at the

“hig iron” machine from the 1960s.

Fig. 9. Nagra Model Il recorder. This was a
professional portable machine, popular with

the motion-picture industry.

fastest tape speed on your re-
corder), and switch the output to
“playback” monitoring. The tfape
output level at this point might, or
might not, be at 0 VU. Don’t worry
about that right now; just note the
level relative to the 0 VU setting you
had when looking at the record
preamp.

Now switch the oscillator to 10
kHz (while maintaining the same
oscillator level). Idedlly, the 10-kHz
output level should be at 0 VU, but
alevel within + 3 dB or so is often still
within factory spec. If it's much
higher than that, try increasing the
bias-level control to bring the 10-
kHz response into that range. Now,
increase the oscillator frequency,
and note the point where the
response trails off to - 3 dB. If the fre-
quency is less than the high-fre-
guency-response spec, and if the
10-kHz response was identical to
that at 1 kHz, then you might fry
going back to 10 kHz, decreasing
the bias a bit to increase the 10-kHz
level to, say + 2 dB, and then check
the 3 dB drop-off point again.

If you are unable to achieve the
factory frequency-response specs,
something is obviously wrong. This
could be due to worn heads,
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Fig. 8. Magnecord Model 1024 deck. Another

improper equalization (either record
or p