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CALL TOLL FREE WRITE FOR A
(800) 292-7711 C&S SALES FREE 60 PAGE

Se Habla Espanol EXCELLENCE IN SERVICE CATALOG!

AFFORDABLE, HIGH QUALITY ELENCO OSCILLOSCOPES MX-9300

2 YEAR WARRANTY Four Functions in One Instrument

Features:
* One instrument with four test and mea-
suring systems:
« 't 1.3GHz Frequency Counter
Q,@‘ * 2MHz Sweep Function Generator

™ * Digital Multimeter
= Digital Triple Power Supply
STANDARD SERIES DELUXE SERIES LTI, UTE s Y Gl

S$-1325 25MHz $335 S$-1330 25MHz $439 = 1

S$-1340 40MHz $489 S-1345 40MHz $569
Features: S$-1360 60MHz $759
* TV Sync * High Luminance 6” CRT Features:
* 1mV Sensitivity » Complete Schematic - Delayed Sweep « Dual time base
¢ X - Y Operation * Plus much, much more!! + Automatic Beam Finder -+ llluminated internal

* Z Axis Modulation gradicule

2 FREE probes included with each scope!!l » Built-in Component Test
* Plus all of the features of the “affordable” series!!
E——

B&K 2MHz Function Generator Model 4010

m—  +195.

B 1 - 0.2Hzto 2MHz
i * Sine, Square, Triangle,
| Puise and ramp output
~ + Variable duty cycle

* Variable DC offset

Model M-6000

Features Computer Interface and Software

Model XP-581
4 Fully Regulated Power Supplies in One Unit
4 DC voltages: 3 fixed - +5V @ 3A, +12V @ 1A, -12V @ 1A - 1 Variable - 2.5 - 20V @ 2A

Ideal for laboratories,
service shops and hob-

byists.
%85

B&K Model 1688
High Current (25 amp) Power Supply

Fluke Multimeters

70 Series
Model 7011 . ... ....... $69.95

1.3GHz Universal Counter

Model F-1300

Model 7311 .. ......... $97.50 variable 3-14VDC - Period
Model 7511 . ... ...... $135.00 » Froquency to 4MHz * Frequency
Model 771 $154.95 * Capacitance to 40nF & 8 other
Model 7911 . . . ... ... $175.00  Large 33/4 LCD functions

. Display 5
80 Series + Temperature to s249 -9
Model 83........... $235.00 1999°F
Model85........... $269.00 * TTL logic

« Data/Peak Hold

* Audible continuity
+ Auto power off XK-550 Digital / Analog Trainer
= Unit indicator

+ Diode test

« w/ RS232 Cable

Model 87 ........... $289.00

M-1700
Digital Multimeter

11 functions including freq to
20MHz, cap to 20,F. Meets UL-
1244 safety specs,

iR
~m -IM Elenco's advanced designed Digital / Analog Trainer is specially
designed for school projects. It is built on a single PC board for maxi-
mum reliability. It includes 5 built-in power supplies, a function gener-
ator with continuously sine, triangular and square wave forms.

1560 tie point breadboard area.

XK-550

Kit Corner over 100 kits available Assembled and Tested

Model AR-2N6K Model AM/FM-108K $1 69-95
2 meter / 6 meter AM/FM Transistor Radlo K|t
; XK-550K - Kit

Amateur Radio Kit
$1 39 95

$34 95
»
Tools and meter

M-2665K
shown optional

Digital Multimeter Kit

354 95

Full 34 Ranges w/ cap & trans tests

WE WILL NOT BE UNDERSOLD C&S SALES INC. 15 DAY MONEY BACK

UPS SHIPPING: 48 STATES 5% 160 W. CARPENTER AVENUE = GUARANTEE

OTHERS CALL ($3 min. / $10 max.) WHEELING, IL 60090 ° FULL FACTORY WARRANTY

< FAX: (708*) 520-9904 (708*) 541-0710 PRICES SUBJECT TO CHANGE WITHOUT NOTICE
IL RES. 8% TAX * NOTE: Effactive January 20, 1996, our area code will be changed to 847,
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Editorial

There are many and varied good reasons for building a project
from plans published in a magazine. | won’t go into listing all these
reasons because | would probably leave your motivation off the
list. Now then, can you think of one bad reason for building a pro-
ject from a magazine plans? Think about it.

| find that too many project builders follow the plans scrupulously,
not varying from the schematic diagram. They even produce a
project that mirrors the photographs supplied in the construction ar-
ticle. Admittedly, editors prefer that readers build projects than not.
Albeit, why not show some creativity. Every project can be im-
proved upon in some way. A cosmetic change to suit your fancy
may not be an electronic-design advancement, but it does show
some individualism.

To encourage the builder’s development of published instruction
articles, the editors decided to publish The Project Anthology that
appears in the center of this magazine. This Anthology is a
Lilliputian compilation of varied projects that are bound to excite the
builder into assembling more than one of them. Since the com-
plete plans are not provided (in most cases only schematic
diagrams and parts lists are provided), the plans leave the final
assembly design up to the builder. Also, the circuits themselves
are simple enough so that the introduction of new electronic design
features can be added.

What the editors are attempting to do is promote your sculpturing
of the project to suit on-site needs. We want you to build what you
need from our plans. The foray into designing circuits eventually be-
comes habitual and rewarding.

Who knows! You may become one of our authors when your pro-
jects are designed from your original plans!

Julian S. Martin,
Editor

- 966 | YOOGANVH S,HILNIWIHIIXT SOINOHLOITY
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BOIY PANEL METERg,
———————

Solid-State Thermometer
See page 39

Isolation Transformer
See page 43

Put that Phone on Hold

See puge 36

waroas

Power Controller
See page 100

Milliohm Tester
See page 82

ELECTRONICS
EXPERIMENTER'S

handbook.. s

CONTENTS

Custom Meter Faces........cccoovmriiiiiiemnnninsccine e 16
Fabricate pro-like meter scales with your PC and laser
printer.

Prototyping Station.........ccccccciiiiiiccsmnncnce e 20
Construct a full-featured breadboard laboratory with
custom features to suit your taste.

WWYV RECERIVEr .....ccoiiirirrnmmnennenernrnnes e eeens 27
A simple superheterodyne receiver that pulls in atomic
time and other useful signals.

Sinewave Doubler ... e 32
Double the frequency of any sinewave from 10 Hz to
more than 50 MHz.

Put that Phone on Hold.........cccoieiiiiciiiiiiennenncnane 36
A novel telephone circuit that works from any phone in
your housedeven cordless.

Solid-State Thermometer ............ccooveeeiiiiiiiceemmmnccnennnn. 39
An accurate handheld device you can build from
scratch or from a kit.

Isolation Transformer ..........cooveeiivceiinincmeeeeree e 43
Build an isolation transformer to protect yourself—and
your equipmentowhile you service electronic appliances.

Precision Audio Signals from Your PC ....................... 46
You can have an accurate computer-controlled audio
generator for under ten bucks.

Milliohm Tester ...t e 82
Measure low resistances with this super simple circuit
that connects to your digital multimeter.

Voltage Cursor Adapter ........cccccoveevmmeeiiinccseeennniincnnes 84
Measure voltage values of waveforms accurately and
easily on your oscilloscope.



Introducing. . .

Electronics [istes

s 18 Electronic Gadgets
Publication You Can Build!

The Project Anthology

A collection of eighteen projects that will add spice to
your project building pleasure. ...................... pages 49-80

WWV Receiver "
See page 27

1—Twinkle Tree, LED light jollies, 2—One-Second Flasher, for
the shutter-buff bug, 3—5-Volt Power Supply, to build more pro-
jects, 4—Sound-Switch, a must for voice actuated action, 5—
Light Alarm, for dark-only areas, 6—Sig-Tracer, discover where
the signal disappears, 7—CW Filter, for better code reception, 8—
Vol-Expander, squeezes sound to tape, 9—Computer Voice, a fun
voice effect, 10—Audio Power Booster, double your power, dou-
ble your listening pleasure, 11—Pit Stop, a racy game, 12—Mine-
fields, a boomy game, 13—Kapellmeister, a simple transmission-
line loudspeaker system, 14—Helix, apartment-dweller’s hidden Audio Signals
antenna, 15—Inverted V Antenna, a modified half-wave antenna from Your PC
that pulls in the signals, 16—Audible Timer, this beep is for you, See page 46
17—Long Interval Timer, up to two weeks long, 18—
Twangy Distortion Unit, in tribute to Jerry Garcia.

Mini Logic Analyzer ........c..cccceiiiivcimneemmmrenne s 87
With about $30 worth of parts and an IBM/compatible
computer you are ready for the troubleshooting big leagues

Magnetic Field Meter..........coiriiicnicireenirreeeenes 95 - e
Determine your exposure to line-frequency magnetic- '"e;;':;’jeggg er
fields with this portable ELF gaussmeter. = m
POWEE CONIONEN «...eeeeeeeeerreeereeeeeeeeenesecesasseee e seenane 100 - ) g
Control eight channels of 120-volt AC with a 68705 — ) 2
microcontroller. [‘3‘7\5 m
Departments y :
Editorial 1 Classified Advertising 111 R
New Products 6  Advertising Index 111 el | &
New Literature 13 Advertising Sales Offices 112 3
Free Information Coupon 15, 108, 111 B, g
- 3

Magnetic Field Metxer
See page 95
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This could
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seller.
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free.

You can't buy the Consumer Information
Catalog anywhere. But you can send for it, free!

It’s your guide to more than 200 free or low-cost
government publications about getting federal
benefits, finding jobs, staying healthy, buying a
home, educating your children, saving and
investing, and more.

Send today for your latest free Consumer
Information Catalog. The Catalog is free.

The information is priceless.

Send your name and address to:

Consumer Information €enter
Department BEST
Pueblo, €olorado 81009

INTELLIGENCE
GEMINAR

“Now I remember—first you put the safety on,
then you’ plug the unit in!”




New and Pre-Owned

Test Equipment

Substantial SAVINGS on New & Pre-Owned B+K Precision, Fluke,
Hewlett-Packard, Goldstar, Leader, Tektronix, and more ...

@ LG Precision

New Oscilloscope Specials

" Model 0S-9100P —=$999.00
* l J
Full 100 MHz Bandwidth! SUPER SALE!

¢ Dual-Channel,

High Sensitivity

¢ TV Synchronization Trigger
o Calibrated Delayed Sweep
¢ Includes Two Probes, 2 Year Warranty

Professional Quality Digital Storage Oscilloscopes

FREE SHIPPING!
ON ALL LG PRECISION EQUIPHENT
ANYWHERE N THE U,

Excluding AK & HI

at Affordable Prices!

® Transmit and Receive Data with Standard RS-232C Interface
® Includes FREE Comprehensive Communication Software

® Waveform Save, Calculation, and Print
© Dual Channel. Delayed Sweep, TV Synchronization Trigger
® 20 MS/s Sampling Rate, Two Save Memories

© Switch Between Analog and Digital Modes

e CRT Readout Including Measurement Cursors

Pre-Owned Oscilloscope Specials

Tektronix 465 100 MHz $589.00
Tektronix 465B 100 MHz $689.00
Tektronix 475 200 MHz $749.00
Tektronix 475A 250 MHz $849.00

« Professionally Refurbished

o Calibrated to Original Specifications

e Dual Channel, Calibrated Delayed Sweep
« 90 Day Warranty

MANXTEC IMVERMATIONAL CORP.

,;_!,\‘r:- B PRECISION

Professional Computer Monitor

Bandwidth 20 MHz 40 MHz 60 MHz
Model 08-3020 08-3040 08-3060
SALE Price $1,199.00 $1,599.00 $1,899.00

Pattern Generator W
Model 1280  $429.00 NEW*

o Tests CGA, EGA, VGA, SVGA, and MAC II Monitors
e Outputs Interface to DB 9, HD 15, DB 15 and BNC

o Interlaced or Non-Interlaced

o Color Bars, Raster, and Crosshatch Patterns

20 MHz Sweep/Function Generator

Model 4040  $499.00 |
¢ 0.2 Hz to 20 MHz, 5 digit LED Display “‘w !

¢ AM & FM Internal or External Modulation
o Sine, Square, Triangle, TTL, CMOS Outputs
¢ Burst Operation

¢ External 30 MHz Frequency Counter

Don’t Leave Your Computer Unprotected!

Fairstone Uninterruptible Power System Reliable Blackout, Brownout, Spike and Surge Protection.

VA Rating

500

600

750

Model

P500

P600

P750

SALE Price

$239.00

$269.00

$329.00

« Sleek Good Looks and Small Footprint Design
« Cold Start Punction, LCD Status Display

Automatic Monitoring and Shutdown Software for Windows
with cable Only $79.00

Full line of Oscilloscopes, RF, Video & Audio Test Equipment,
Power Supplies, Meters, Probes and Accessories.

e

AMEX

C.OD

TOLL FREE 1-800-99-METER

Availability of Equipment Subject to Prior Sale
Prices Subject to Change Without Notice

1-800-996-3837

FOTRONIC

CORPORATION
P.O. BOX 708
Medford, MA 02155
(617) 665-1400
FAX (617) 665-0780
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NEW PRODUCTS

UsSE THE FREE INFORMATION CARD FOR FAST RESPONSE

OSCILLOSCOPE TRIGGER DEVICES

THE SUPERPROBE OSCIL-
loscope triggering devices from
Programmable Designs are instru-
ments that can trigger complex
events in digital circuitry and sim-
plify circuit debugging and testing.
They will work with any oscillo-
scope to provide a wide range of
event-triggering options. Four dif-
ferent models are available.

The SuperProbe II has 18 digital
logic inputs and a clock input. It

CIRCLE 60 ON FREE INFORMATION CARD

supports three clocked triggering
modes and one combinatorial (pat-
tern-match) triggering mode. The
device works with flexible logic
combinations for specifying trig-
gering events. These include no-
match triggering for triggering
when certain unexpected events
occur. This model has separate
“pattern select” and “don’t care”
configuration DIP switches.

Status LEDs permit the moni-
toring of power, input signals, trig-
gering activity, and clock activity.
This instrument includes an inter-
face cable assembly with removable
grabbers and gold-plated machined
contacts that work with IC clips and
0.025-inch posts.

SuperProbe 1 is a pattern-match
or word-recognition version with
17 digital inputs. It allows any logi-
cal combination with up to 17 sig-

nals to be specified for the trigger
event. This model is offered in two
versions. The standard version
includes an interface cable with per-
manently attached grabbers for
through-hole component leads.
The deluxe version has a cable
identical to the one included with
the SuperProbe I1.

The SuperProbe Basic-8 permits
pattern-match triggering with up to
eight signal inputs. It includes a
cable with permanently attached
through-hole component grabbers.

SuperProbe pricing ranges from
$99.00 to $549.00, depending on
the model.

PROGRAMMABLE
DESIGNS INC.

41 Enterprise Drive

Ann Arbor, M1 48103-9503
Phone: 313-769-7540

Fux: 313-769-7242

E-mail: design@prog-designs.com

INDUSTRIAL CONTROL SYSTEM

THE QED INDUSTRIAL
Control System (ICS) from Mosaic
Industries is a single-board comput-
er with either a character or graph-
ics LCD display, and a keypad or
touchscreen. It has a battery-backed
memory, real time clock, analog and
digital I/0, board area for prototyp-
ing, and provision for serial commu-
nications. The system is packaged in
an industrial-style enclosure with
screw-terminal connections.

This packaged system is intend-
ed for many different applications
including machine automation, data
acquisition, and robotics. The ICS
can interpret data from tempera-
ture, pressure, and optical sensors;
process the input data; and control
stepper motors, valves, relays, and
other actuators.

Palm-sized plug-in cards introduce
isolated high-current outputs and
high-voltage inputs, 4 to 20-mil-
liampere signalling, and analog-to-

CIRCLE 37 ON FREE INFORMATION CARD

digital or digital-to-analog
conversions. The system modules can
be programmed in C or Forth from a
personal computer with on-board
multitasking software.

The QED Industrial Control
System with character display and
keypad (ICS-AK) is priced at $995.00.
With a graphics display and keypad
(ICS-GK), it is priced at $1190.00.
MOSAIC INDUSTRIES, INC.

5437 Central Avenue, Suite 1
Newark, CA 94560
hone: 510-790-1255
Fax: 510-790-0925

MONOLITHIC CRT DRIVER

THE LM2406T FROM NAT-
ional Semiconductor is advertised as
the industry’s first monolithic IC cath-
ode-ray tube driver. This triple-chan-
nel, 40-MHz CRT driver, designed
for SVGA and XGA monitors. The
bipolar device is capable of supporting
scan frequencies up to 58 kHz/72 Hz.

CIRCLE 42 ON FREE INFORMATION CARD




Mystery
Levitating

g °
Device! =0
Remember War of the Worlds? Objects float in air and move fo
the touch. Defies gravity, amazing gift, conversation piece, magic
rick or great science project.

ANTIK Easy to Assemble Kit / Plans ... $§19.50

AMAZING

s DANGER'
© L INVISIBLE LASER RADIATION .
M'O!DEYEOHSK?NEXPOSURE

¥ ‘IO DIRECT OR SCATTER RADIATION

G CLASSIVUASERPRODUCT -
Advanced project produces a burst of light energy capabie of
burning holes in most materials, Hand-held device uses
rechargeable batteries. 500 joules of flash energy excite either a
neodynium glass, yag or other suitable 3 laser rod. This is a
dangerous CLASS IV project (individua! paris/assemblies
available). LAGUN1 Plans .
LAGUN1K  Kit/ Plans .

Extended
Play

Telephone Recording System
READY TO USE! Automatically controls and records on our X-4
extended play recorder, taping both sides of a telephone
conversation. Intended for order entry verification. Chack your
local laws as some states may require an alerting beeper.

TAP20X  Ready t0 Use SYStBM ...coumsmesmussssssssssasins §129.50
£
Shocker Force Field_/_sc
Vehicle Electrifier

A
Neat litfle device aliows you to make hand and shock balls, shock
wands and electrify objects, charge capacitors. Great payback
for those wise guys who have wronged you!

SHK1K Easy to Assemble Electronic Kit.......... $29.50

Electric
Charge
Gun
All New

é; %L, Technology!

Stunsfimmobilizes attackers up to 15 feet away!
+ egal in most state (not in NY, NJ, MA, WI) « More knock-down

power than most handguns * No permanent injury + ID coded »
Free 80KV stun gun with every purchase.
ECG1 Data Packet, Creditable toward purcase .......... $10.00

ECG10 Charge Gun, Ready to Use, w/Free 80KV Gun $249.50

_IPG7 Plans .......$8.00

Homing / Tracking Transmitter

Beeper device, 3 mile range.

HOD1 PIaNS wooimescoees $10.00 HODIK Kit/Plans...... $49.50

Listen Through Walls, Floors
Highly sensitive stethoscope mike.
STETH1 Plans.........

$8.00 STETHIK KitPlans......... §44.50

Pory iy

Infinlly Transmitter ++

Room Monitor/ Controller

All New - The Ultimate in Home/Office Security & Safety!
Simple to use! Call your home or office, push a secret tone
on your telephone keypad to access: » On premises sounds
and voices * Ongoing phone conversation w/break-in capability
+ Up to 10 external electrical functions, lights, TV, alarms, coffee
pots, heater, ete. CAUTION! Check legality with your state's
attorney general's office before use for monitoring of voices.
TELECONTK  Kit, includes PC board . .
TELECON10 Ready to Use .....

Visible Beam Laser

.$199.
Easy fo build, RED Beam, visible for miles. Use for Iight*

shows, window bounce holography, cloud illumination and much
more! LASTKM Kit w/imw Laser Tube, Class Il. ........ .$69.50
LAS3KM Kit w/2.5mw Laser Tube, Class WA ...

Life is Precious -
PROTECT IT!

Hard hiting, crackfing, sizzling
HIGH VOLTAGE plasma! Stuns and immobilizes most attackers

STUN200  Ready to Use, 200,000V ..
STUN120  Smaller Unit, 120,000V ...
W

/ et =
e =
NEW High Power
lon Ray Gun

Projects charged ions that induce shacks in people and objects
without any connection! Great science project as well as a high
tech party prank. 10G7  PI8NS ..couescrmsuscessssessssssseeess $15.00
10G7K _ Kit/Plans $99 50
Invisible Pain

Field Generator | ,)

Shirt pocket size electronic

device produces time variant

complex shock waves of intense directional acoustic energy,
capable of warding off aggressive animals, etc.
IPG7K Kit/Plans ...$49.50

IPG70 Assembled §74.50

1000 Ft++

Potato Cannon

NOT A TOY. Uses electronic or piezo
ignition. CAUTION REQUIRED!
POT1  Plans.......

FireBall Gun

(Dangerous Product)............. $10.00
re,

Shoots flaming ball - two shot capacity

Great for special effects and remote

fire starting. CAUTION REQUIRED!

FIREBALL Plans (Dangerous Product).....$10.00 Q. L

S Fiys ey

Dept PEM-19, Box 716, Amherst, NH 03031
Phone: 603-673-4730 FAX: 603-672-5406

MC, VISA, COD;‘ Checks accepted Please add $5.00 Shipping & Handling

Electronic and /#-
Scientific Products

TV& FM
Joker /

Jammer (=
Shirt pocket device allows you to totally control and remotely
disrupt TV o radio reception. Great gag to play on family or
friends. Discretion required.

EJKIKM Easy to Assembie Electronic Kit.............ccco.. §24.50

ATTENTION:
High Voltage Fcns!

4,000 volts in the palm of yeur hand! Experiment
with anit-gravity, hovercraft, ion guns, force fields,
plasma guns, shock devices, wireless energy and
electrical pyrotechnics. Input: 9-14VDC.

MINIMAX4 ROTY 10 US8 cuevrvrsvsrerssnsssssssusssRessns $ 1950

32

W ey

aser Bounce” Listener System
NEW - Latest Technology! Allows you to hear sounds from a
premises without gaining access. Aim at room window and listen
to sounds from within via refiected laser light. Not for ilegal use.

Requires video tripods.
LWB3K 5mw Laser and Receiver Kit ...........ccersrrcer $149.50
LWB30 Ready to Use §199.50

5mw Visible Red Pocket Laser
Utilizes our touch power control!

E ' E VRLSKM  Kit / Plans.... —
fa? 7 1 Elecironic
% Hypnotism
Puls subjects under control using hlghly effective electronic
stimuli. Intended for parties and entertainment but must be used

with caution, Includes valuable text book reference and plans.
EH2 Plans and Text Book... S— [ X ]

Automotive

Easy-to-Install ~ / I
4-Tube Kit

for Cars, Trucks, Vans!
Available in Pink, Purple, Blue or Green
- please specify color when ordering.
RG4K (Specify Color) ..........5 129.50 License Frame Kit

Flagh-To-Music Option for above |{Specify Color)
kit FMU1... .5 2950 |LICIK

3 Mi FM Wireless
Microphone

Subminiature! Crystal clear, ultra sensitive plck\p transmits
voices and sounds to FM radio. Excellent for security, monitoring
of children or invalids. Become the neighborhood disk jockey!
FMV1  Plans....$7.00  FMVIK Kit and Pians ....... $39.50

Telephone Transmitter - 3 Mi

Automatically transmits both sides of a telephone conversation to
an FM radio. * Tunable Frequency * Undetectable on Phone «
Easy to Build and Use * Up to 3 Mile Range * Only transmits
during phone use. YWPM7 Plans.... $7
VWPM7K  Kit/Plans

5 2450

~ 9661 XOOSGNVH S HIINIWIHIIXT SOINOHLO31]

| cATALGG [¥  orderby Man
With many or by 24 Hour
Fmore“i:'egnsale rders-Only Phon
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The LM2406T can drive a cathode
capacitance of 8 pF with a voltage
swing of 40 volts peak-to-peak, and it
has a rise and fall time of 9 nanosec-
onds. When paired with National
Semiconductor’s  LMI1203N  or
LMI1207N video amplifiers, the com-
bination forms a complete video chan-
nel for SVGA and XGA computer
monitors.

The monolithic 1C includes inter-
nal protection to prevent momentary
short circuiting. It reduces monitor
component count, simplifies system
design and manufacture, and increases
system reliability .It is offered in a
reduced-size TO-220 package.

The LM2406T monolithic CRT
driver is priced at $2.50 in quantities
of 1000.

NATIONAL SEMICONDUCTOR
CORPORATION

2900 Semriconductor Drive

Santa Clara, CA 95052-8090
Phone: 1-800-272-9959

MULTIMETER WITH
CLAMP-ON ADAPTER

THE AMPROBE MODEL PMM-
1 is designed so that a clamp-on
adapter can be connected, allowing it

e e 2 F i

CIRCLE 56 ON FREE INFORMATION CARD

to measure up to 300 amperes. The
basic DMM is a 3200-count instru-

ment that measures AC and DC volt-
age to 600 volts and ohms to 30

megohms. It has an annunciated LCD
readoutand a 65-segment analog bar-
graph,. The DMM offers auto and
manual ranging, audible continuity
testing and data hold. It also performs
diode checks The PMM-1 has 600-
volt AC and DC protection on all
ranges. '

With the addition of the PMM-C
clamp-on adapter, the PMM-1 can
measure up to 300 amperes AC. The
adapter jaws will close over conduc-
tors up to 1.14-inch in diameter. The
combination has an output of 1 milli-
volt AC per 0.1-ampere AC. With
additional  optional  accessories,
thePMM can do infrared scanning
and measure up to 1000 amperes AC,
600 amperes DC, temperature, and up
to 400 kilowatts.

The PMM-1 digital multimeter
with carrying case, test leads, batter-
ies, and a user’s manual is priced at
$69.85. The PMM-C clamp-on acces-
sory is priced at $49.85.

AMPROBE INSTRUMENT
630 Mervick Road

Lynbrook, NY 11563

Phone: 1-800-477-VOLT

or 516-593-5600

Fax: 516-593-5682

COMPUTER CARD FOR
MULTIMEDIA PRESENTATIONS.

THE MODEL ME1000 (VGA2-
NTSC) plug-in computer card from
Methode Electronics allows multime-
dia presentations to be displayed on a
standard television receiver or record-
ed on a VCR. The card converts VGA
computer graphics, computer-aided
designs, and multimedia presentations
to standard N'TSC video output.

The card automatically detects and
switches between 640x480 pixel,
320x200 pixel, and 80-column text
modes. The plug-in card works with
any IBM or compatible personal com-
puter that has an Intel 386, 486, or
Pentium processor , an ISA bus, and a
graphics card with the appropriate
connector.

The ME1000 also provides flicker-
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free images, CAD-drawing output
with no missing lines, and sharp 80-
column text mode. The card conforms
to multimedia standards, and it is
compatible with AutoCAD and 3D
Studio CAD software. It is also com-
patible with DOS and Windows oper-
ating systems. The cards can display
256 colors and are easily installed with
the included internal cable.

The ME1000 (VGA2NTSC) plug-
in card is priced at $525.00
METHODE ELECTRONICS, INC.
dataMate Division
7444 West Wilson Avenue
Chicago, IL 60656
Phone: 708-867-9600
or 1-800-323-6858
Fax: 708-867-3149

DESKTOP MACHINING CENTER

KEPRO CIRCUIT SYSTEMS
has introduced the AccuMILL/Plus, a
miniature automated X-Y-Z desktop
machining center. It can drill, mill,
route, and engraves circuit boards.
The machine can be fitted with eight
different tools. It can drill through
both single- and double-sided circuit
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boards to 0.00025-inch resolution for
short-production runs or prototyping.
It can also mill circuit patterns and
machine complex three-dimensional
objects from plastic, aluminum, brass,
wood, or modeling wax.

.The worktable for the
AccuMILL/Plus measures 10X14-
inches. Its automated tool carousel has
eight tool motors. These include one
fully automatic, fixed/floating position
for accurate milling of irregular sur-
faces. Adjustments can be made to
0.001 inch. The machine has three
different motor speeds: 7000, 28,000,
or 50,000 rpm. Three-axis mounting
of the tools permits the fabrication of
three-dimensional parts.

The AccuMILL software package
is compatible with AutoCAD,
AutoSKETCH, and CorelDRAW. It
can interpret ASCII and HPLG plot-
ter-files running under MS-Windows.
The AccuSTEPPER controller is an
automated computer interface that
controls all three axes.

The AccuMILL/Plus  desktop
machining center is priced at costs xx.
KEPRO CIRCUIT SYSTEMS, INC.
630 Axminister Drive
Fenton, MO 63026-2992
Phone: 1-800-325-3878
Fax: 314-343-0668

MEMORY TEST PACKAGE

THE SIMCHECK PLUS MEM-
ory tester from Aristo Computers
combines the SIMCHECK memory
module tester with a 40-bit port
adapter in a single package. Together,
they can do complete testing of both
30-pin and 72-pin single-in-line
memory modules (SIMM). The

enhanced memory tester includes a
universal power supply that can be
plugged directly into the tester or into
the 40-bit port.
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The basic SIMCHECK memory
tester tests all standard SIMM and
single-in-line (SIP) memory modules
with eight or nine bits of 64- and 256-
kilobit and 1-, 4-, and 16-megabit
memory. The 40-bit port enhances
the tester’s ability to test 72-pin
SIMM modules that have a data bus
with up to 40 bits and a maximum
memory capacity of 128 megabytes.

SIMCHECK Plus is priced at
$1490.00
ARISTO COMPUTERS INC.

6700 SW 105th Avenue, Suite 300
Beaverton, OR 97008

Phone: 1-800-3-ARISTO

or 503-626-6333

Fax: 503-626-6492

CLAMP-ON CURRENT PROBES

WAVETEK HAS INTRODUC-
ed its CT235, CT237, and CT238
AC/DC clamp-on current probes
that will measure AC or DC current
noninvasively from 5 milliamperes
to 1000 amperes peak with 1%
accuracy. The broad AC bandwidth
and 1% accuracy of the probes per-
mit the precise measurement of
complex waveforms distorted by
harmonics or power-line anomalies.

The current probes can be used
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with different test instruments
including analog or digital mult-
meters, dataloggers, chart recor-
ders, and power analyzers. Current
measurements are obtained with
Hall-effect sensing, and the zero-
adjust feature cancels residual mag-

netic fields, so DC measurement
accuracy is unaffected.

Applications for the probes
include the analysis of current
waveforms for harmonics, the test-
ing of banks of batteries, the analy-
sis of inverter power output, the
recording of UPS charge and dis-
charge rates, and the diagnosis of
automotive electrical systems. The
probes have IEC1010-1, Category
[T, 300-volt, pollution degree 2
safety approval.

The pricing on the probes is:
CT235 (1000-ampere)—$179.00;
CT237 (200-ampere)—5249.00,
and the CT238 (20-ampere)—
$299.00
WAVETEK CORPORATION
9045 Balboa Avenue
San Diego, CA 92123
Phone: 619-279-2200
Fax: 619-565-9558

LOW-COST PIC PROGRAMMER

ITU TECHNOLOGIES MO-
del PIC-1 PIC programmer will

Y X
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program the Microchip family of
PIC16C6, 16C7 and 16C8 micro-
controllers in conjunction with an
IBM or compatible personal com-
puter host. An 18-pin socket is pro-
vided on board for programming
18-pin PIC devices; and 28/40-pin
adapters are available from the
manufacturer. An expansion header
is provided for adapters and in-sys-
tem programming of PICs with on-
chip EEPROM.

The Model PIC-1 includes all
accessories needed to do microcon-
troller programming. It is recom-
mend for students, hobbyists, and
novice programmers. It is supplied



with a cable for interfacing to the
personal computer’s parallel port, a
power supply, programming soft-
ware for the computer, and a user’s
manual.

The PIC-1 is available as a kit or
fully assembled and tested. The kit,
including a PC board and construc-
tion manual, is priced at $29.00 The
assembled programmer is priced at
$49.00.

ITU TECHNOLOGIES
3477 Westport Court
Cincinnati, OH 45248-3026

DIRECT DIGITAL SYNTHESIZER
MODULE

THE MODEL DDS4M DIRECT
digital synthesizer (DDS) module
from Novatech Instruments generates
a precise sinewave and an accurate
TTL clock signal. It is packaged on a
3.5X4.5-inch circuit board. The out-
put frequency is programmable from 1
Hz up to a maximum of 3+ MHz in
steps as small as 0.02 Hz.

The typical phase noise for the
module is —i90 dBc at 1-kHz offset
from carrier. The desired frequency
can be selected by setting a 31-bit
binary number, either manually with
DIP switches or remotely with
HCMOS-compatible parallel input
lines. The DDS4m contains a quartz
crystal oscillator that provides stability
of 10-ppm/year.

The DDS4m direct digital synthe-
sizer module is priced at $395.00
NOVATECH INSTRUMENTS, INC.
1530 Eastlake Avenue East, No. 303
Seattle, WA 98102
Phone: 206-322-1562
Fax: 206-328-6904

NEGATIVE-VOLTAGE CIRGUIT
BREAKERS

THE UCC3913 FAMILY OF
BiCMOS electronic circuit breakers
from Unitrode is intended for nega-
tive power supplies. The circuit break-
ers are intended for mainframe
computer systems, telecommunica-
tions equipment, fault-tolerant and
point-of-sale computers, banking
ATMs, mass data storage equipment,
and industrial-control systems.

TDO
ST,
Local
VDD
FAULT fer 3, it
3
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According to Unitrode, the elec-
tronic circuit breakers react faster and
have more accurate thresholds than
the large bus fuses it is designed to

replace. 'Their protection levels

TURN YOUR PCINTO A
DIGITAL STORAGE OSCILLOSCOPE

mission technology, inc.'s DS Scope now sold by Amaze Electronics Corp.

FEATURES:
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TIPS FOR MAIL ORDER
PURCHASE

it is impossible for us to verify the claims of ad-
vertisers, including but not limited to product
avallability, credibility, reliabiiity and existence
of warranties. The following information Is pro-
vided as a service for your protection. It is not
Intended to constitute legal advice and readers
are advised to obtain independent advice on
how to best protect their own interests based
upon their individual circumstances and jurls-
dictions.

1. Confirm price and merchandise information
with the seller, including brand, model, color or
finish, accessories and rebates included in the
price.

2. Understand the seller's return and/or refund
policy, including the allowable return period, who
pays the postage for returned merchandise and
whether there is any "restocking” or “return”
charge.

3. Understand the product's warranty. |s there
a manufacturer's warranty, and if so, is it for a
U.S. or foreign manufacturer? Note that many
manufacturers assert that, even if the product
comes with a U.S. manufacturer’s warranty, if you
purchase from an unauthorized dealer, you are
not covered by the manufacturer's warranty. If
in doubt, contact the manufacturer directly. In
addition to, or instead of the manufacturer's war-
ranty, the seller may offer its own warranty. In
either case, what is covered by warranty, how
long is the warranty period, where will the prod-
uct be serviced, is there a charge for service, what
do you have to do to obtain service and wilt the
product be repaired or replaced? You may want
to receive a copy of the written warranty before
placing your order.

4. Keep a copy of all transactions, inciuding
but not limited to cancelled check, receipt and
correspondence. For phone orders, make a note
of the order including merchandise ordered, price,
order date, expected delivery date and salesper-
son’s name.

§. |f the merchandise is not shipped within the
promised time, or if no time was promised, with-
in 30 days of receipt of the order, you generally
have the right to cancel the order and get a re-
fund.

6. Merchandise substitution without your ex-
press prior consent is generaily not aliowed.

7. i you have a problem with your order or the
merchandise, write a letter to the seller with ail the
pertinent information and keep a copy.

8. i you are unable to obtain satistaction from
the seller, contact the consumer protection
agency in the seller's state and your local Post
Office.

If, after following the guidelines, you experi-
ence a problem with a mail order advertiser
that you are unable to resolve, please let us
know. Write to Advsrtising Department,
Gernsback Publications Inc., 5008 Bi-County
Blvd. Farmingdale, NY 11735.

Be sure to include copies of all correspondencs.

exceed those of fuses. Under fault
conditions, the UCC3913 devices
quickly limit overcurrent, preventing
damage to host circuitry. They open
the circuit automatically and reset
with a 2% duty cycle to limit power
dissipation during extended-duration
faults.

An automatic reset feature reduces
field maintenance. The auto-reset fea-
ture also prevents overheating that
could lead to circuit failure. The
UCC3913 devices manage power by
permitting full logic control of each
module’s power. Their programmable
start delays are especially important in
“hot-swap” situations such as when
power supply modules are being
replaced in fault-tolerant computer
systems.

The electronic circuit breakers
keep the power off, then “soft-start”
the module in hot-swap applications.
That controlled start prevents the
module from excessively loading the
bus as it powers up, preventing power
and data glitches. The UCC3913 fam-
ily is offered in eight-pin SOIC and
DIP packages in three temperature
ranges.

The UCC3913 is priced at $1.40 in
1000-piece quantities.EP
UNITRODE CORPORATION
7 Continental Blud.

Merrimack, NH 03056-0399
Phone: 603-424-2410
Fax: 603-424-3460

INSULATED-GATE BIPOLAR
TRANSISTORS

A NEW SERIES OF 600- AND
1200-volt insulated-gate bipolar tran-
sistors (IGBT5) for high-voltage appli-
cations has been announced by
Motorola. The high-voltage IGBTs
are optimized to operate efficiently
from full-wave rectified 230- or 460-
volt AC with minimum conduction
and turn-off losses. The IGBTs will
withstand a short circuit for a mini-
mum duration of 10 microseconds.

The IGBT5 are suitable as inverters
for motor drives. They perform the
power-switching function that con-
verts rectified DC line voltage to puls-
es that permit the control of various
kinds of motors. IGBT5 can also func-
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tion in uninterruptible power supplies
and conventional switching power
supplies operating directly off line at
moderate frequencies.

For applications where the stored
energy of an inductive load is returned
back to the power source through a
diode, IGBTs and fast-recovery diodes
have been co-packaged. The fast-
recovery diode is connected anti-par-
allel to the IGBT to allow reverse
conduction. That permits the return
of energy stored in an inductive load
to the power source in bridge circuits.

The reverse characteristics of the
anti-parallel diodes have been
designed to achieve “soft recovery” to
minimize transients and EML. The co-
packaged diode minimizes transient
voltages that are generated by stray
circuit inductance. For applications
where the anti-parallel diode is not
needed, IGBTs without the diode are
available at a slightly lower price.

The high-voltage IGB'T are priced
in the range of $4.50 to $6.00 each in
100 to 999 quantity.

MOTOROLA, INC.

MD Z-301

5005 East McDowell Road
Phoenix, AZ 85018
Phone: 602-244-4911
Fax: 602-944-4015

PORTABLE PROTOCOL ANALYZER

THE MODEL 904 PC COM-
scope from Telebyte Technology is a
portable protocol analyzer that inter-
faces with a host computer to access
its resources. It can function as a high-
performance communications data
line monitor, emulator, and bit error

(Continued on page 109)
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Prototype to Production
Gatalog No. 955

Digi-Key Corporation
701 Brooks Avenue South
P. O. Box 677

Thief River Falls, VIN 56701-0677
Phone: 1-800-344-4539
free

"7 Mail-order
distributor
Digi-Key
offers more
than 1400 new
products from
15 different
manufacturers
in its latest
catalog. Newly
introduced
products include ribbon-cable and
D-type subminiature connectors
from AMP, Inc., power supplies
from Power-One, microcontrollers
from Microchip, and development
systems from Picmaster.

A Quick Index on the first page
will speed up finding references to
the products being offered. This is
supplemented by detailed manufac-
turer and product indexes. Digi-
Key sells just about everything a
manufacturer or serious electronic
hobbyist needs and its catalog is a
valuable reference for the profes-
sional designer as well as all
advanced hobbyists.

The catalog is arranged alpha-
betically by manufacturer with
alphabetical tabs on the outside
edges of the pages for quick refer-
ence. A comprehensive index both
by product and by manufacturer
makes it easy to find what you are
looking for in this huge 368-page
compendium of electronic parts.

Digi-Key’s product line card
includes all the basic passive elec-
tronic components, discrete and
integrated semiconductor devices,
and connectors and cable assem-
blies and much more. The company
offers hand tools, soldering materi-
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als, power supplies, and a wide vari-
ety of test equipment in addition to
all the active and passive compo-
nent lines that it lists.

Sentdmail: Theory and Practice

by Frederick M. Avolio and Paul A.
Vixie.

Digital Press

313 Washington Street

Newton, MIA 02158-1626

Phone: 617-928-2500

Fax: 617-928-2620

$29.95

This book explains the histo-
ry, architecture, configuration, and
maintenance of Sendmail, a standard
mail deliverer on Berkeley-Unix sys-
tems. Widely used on the Internet,

many consider
Sendmail im-
possible to un-
derstand. The
authors have
tried to correct
that.

Avolio
and Vixie ex-
plain how and
why Sendmail
works and offer
practical advice
on designing and maintaining an
electronic mail system. There are
“cookbook recipes” and simplified
explanations of how to manage a mail
system. It compares E-mail and
Sendmail and defines key terms. This
book is great for computer system
managers and readers who want to
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BREAST CANCER BEGINS
EVEN SMALLER THAN THIS.
THAT'S WHY YOU

NEED A YEARLY

ESPECIALLY AS
YOU GET OLDER.

r "
| Become a computer I
repair expert! /|

Career-level home study /‘/)
course. Learn all about PC i
repairs, troubleshooting, in-
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stallation, upgrading, ser-
vicing, and more.

Open your own business;
become a more valuable em-
ployee. Free literature.

Call now: 800-223- 4542

Neune

Address

Zp Phone £ )

The School of PC Repair
PCDI, 6065 Roswell Road
Dept. JJA351, Atlanta, Georgia 30328

Learn VCR repair! |

Professional-level home study course.
Master easy -to-learn, high-profit re-
] pairs without invest-

City State I

| | ing in costly high-
‘: o | tech instruments.
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|

|
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career literature. I
|
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|

|

Gall now: 800-223-4542
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Address
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The School of VCR Repair, Dept. VRA351
PCDI, 6065 Roswell Rd., Atlanta, GA 30328
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Whaddya Say To
A Guy Who's Had
The Same Job
For 50 Years,
Has Never Called
[n Sick Or
ohowed Up Late,
Never Taken A
Vacation Or A
Holiday, Never
Asked For A
Raise Or Griped
About His Bonus
And, Believe It Or
Not, Has No
Plans For
Retirement?

Thanks.

Remember - only vou can prevent forest fires.

set up and maintain a mail system for
computers.

Hipercomm Databook
(BR1334/D)

Motorola Inc.

Literature Distribution Center
P O. Box 20924

Phoenix, AZ 85063

Phone: 1-800-441-2447

Fax: 602-994-6430

free

e ~ This is a
HIPERCOMM revised edition

I o it ot i
.'.'.'. of Motorola’s
' . . Hipercomm
6.0 Databook. It
contains
device specifi-
cations in the
form of data
sheets and
applications
information for Motorola’s fre-
quency-control products. It con-
tains technical data on a broad line
of integrated circuits for phase-
locked loop circuits. An introducto-
ry section simplifies the selection of
the right components for a given set
of applications requirements.
Motorola’s line of low-power
prescalers includes products with
more than 40 different combina-
tions of frequency, divide ratio, and
power to meet the needs of most
designs. Information is also includ-
ed on Motorola’s integrated, single-
chip synthesizers that conserve
power, making them suitable for
handheld, battery-operated com-

munications products.
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Low Power Communications

Volume 3: QRP Hardware

by Richard Arland, KTYHA.

Tiare Publications

P O. Box 493

Lake Geneva, W1 53147

Phone: 1-800-420-0579

$14.95

This is the third volume of threein a
series on QRP, an international radio
Q signal that means “reduce your
power”. Previous titles were “QRP
Basics” and “Advanced QRP Operat-

ing.” This book
on low-power
communications
examines the
new and used
equipment avail-
able for the radio
amateur who is
planning to up-
grade a QRP sta-
tion that might
be communicating with microwatts of
power. It includes tips on buying and
trading used equipment, and discuss-
es operating accessories of value to the
QRP operator.

Arland’s book includes a chapter on
the planning and erection of antenna
towers and another on how to start
and run a QRP club. The addresses of
QRP clubs and suppliers and manu-
facturers of QRP equipment are listed
in the appendix.

CIRCLE 36 ON FREE
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ESD Control Products.

Charleswater
90 Hudson Road
Canron, MA 02021-1407
Phone: 617-821-8370
Fax: 617-575-0172
free
This is the latest
catalog from
Charleswater on
its products for
the control of
electrostatic dis-
charge (ESD).
Many new ESD
control products
and training aids
are included. It
also provides up-to-date information
on existing product categories.
Charleswater’s product line does
include all of the standard accessories
necessary to EDS-proof a designated
ESD-protected workstation: conduc-
tive workplace mats, grounded wrist
straps, conductive floor mats, and
instruments for testing the integrity of
the ground. Also included are conduc-
tive tote boxes, protective bags and
packaging for vulnerable components
and circuits, air ionizers, and conduc-
tive sprays.
This catalog also includes a basic
tutorial on electrostatic discharge,

ESD CONTROL
PRODUCTS

CIRCLE 48 ON FREE
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explaining what it is and how it is con-
trolled by grounding, shielding, and

moving-air neutralization.

HF Filter Design and
Computer Simulation |

by Randall W. Rhea.

McGraw-Hill Book Company

11 West 19th Street

New York, NY 10011

Phone: 1-800-2-MCGRAW.

This book is a
complete design
guide for printed
and LC filters for
RF and micro-
wave applica-
tions. It includes
easy to under-
stand discussions
of high-frequen-
cy filter theory
and accurate
computer simulation models for many
different filters. Rhea’s book includes
a review of the classic design formulas
as well as the more recent filter design
concepts developments.

The first chapters are devoted to
fundamental concepts, with greater
emphasis given to lumped-elements
than distributed elements. Those
chapters are followed by a review of
available computer-aided filter-design
techniques, including both simulation
and synthesis.

The author goes on to discuss dis-
tributed low-pass, bandpass, high-
pass, and bandstop filters, and he
explains how to select the appropriate
design for specific applications.
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Expanding Your BBS

Volume 3: QRP Hardware

by Richard Arland, K7TYHA.

Tiare Publications

P. O. Box 493

Lake Geneva, W1 53147

Phone: 1-800-420-0579

$14.95

This book and an included CD-ROM
gives bulletin board system (BBS) ad-
ministrators all the information they
need to maintain an active, attractive
bulletin board. There are an esti-

mated 10-mil-
lion BBS users
around the world
whose interests
are as diverse as
scuba diving to
gourmet cook-
ing.

Wolfe's
book offers the
software and ex-
pert advise needed to add the most
wanted features to your BBS. For ex-
ample, Wolfe explains how to add
UUCP Internet connectivity, fax ca-
pability, and QWK networking and
mail. Wolfe also explains how to add
improved graphics and speed, and mul-
timedia applications. The topics cov-
ered include the integration of high-
speed modems, digiboards, intelligent
1/0 boards, and telephone caller ID.

The companion BBS-ready CD-
ROM contains game doors such as
“Tradewars 2002, Baron Realms
Elite, Land of Devastation, Battle
Grid, Murder Motel,” and “Yankee
Trader.” Call back doors increase
BBS security and automate the reg-
istration process, while Waftle and
Waffle utilities are for Internet
UUCP connectivity.

The CD-ROM also includes
upload checkers that scan for virus-
es, purge old files, insert BBS ads,
and check file integrity. Batch file
power is increased with four DOS
utilities. ANSI and RIP screen-
drawing utilities include “The
Draw, Dead Paint,” and “Tomb-
stone Artist.” Other BBS utilities
included are Fossil drivers, external
protocols, QWK mail doors, hard-
to-find compression utilities, and
port and modem diagnostics.

y Ultimate

DAVID WOLFE

CIRCLE 32 ON FREE
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Iworykin, Pioneer of Television

by Albert Abranson.

University of Hlinois Press

1325 South Qak Street

Champaign, IL 61820

$36.95

Vladimir Kosma Zworykin, the Rus-

sian-born American scientist, made a
significant contribution to the elec-
tronically-scanned television system
that we know today with his invention

(Continued on page 109)
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Customize analog meter
faces with your PC and a laser printer:

SKIP WITHROW, WB0OBBE

EVEN IN TODAY'S WORLD OF DIGITAL
electronics there are still times
when an analog meter is the bet-
ter choice for displaying voltage,
current, or other signal levels.
With the use of a personal com-
puter and a laser printer, this
article shows how you can
customize analog meters from
your junk box or local surplus
dealer to display almost any
scale and units. Gone are the
days of trying to draw meter
scales by hand; you can make
your computer and laser printer
do the work for you.

Any laser printer that under-
stands HPGL (Hewlett-Packard
Graphics Language) com-
mands is compatible with the
techniques presented here. The
BASIC programming language
is used to assemble the com-
mands which are then sent to
the printer. The printer prints
the new scale on a whole-page
laser label and then the label is
applied to the old meter. Figure
1 shows a meter, purchased for
$2 at a surplus electronics out-
let, before and after modifica-
tion.

Finding the right meter

The first step to successfully
making a newly labeled meter is
to start with the right meter. Al-
though many meters can be
found for very reasonable prices
in the surplus market, not every
meter is a candidate for a new
scale. Several specifications,
such as the full-scale current
and the meter movement’s re-
sistance, are helpful in deter-
mining whether the meter is a
suitable choice.

To change the scale of a meter,
the face must be accessible.
Some inexpensive meter move-
ments have cases that can't be
opened, and these should be
avoided. Generally the cover of a
meter face can either be re-
moved by simply prying it off, or
by removing several small
screws on the outside of the
meter. The second task is to re-
move the meter face itself.
Again, some inexpensive
meters might have their faces
mounted permanently, but the
majority of meters have several
small screws that hold the
meter face in place. The ability
to remove the meter face is es-
sential.

Other things that must be
known about the meter before it
can be used in a circuit properly
are its full-scale current and the
resistance of its movement coil.
For a new meter, these are easy
to determine from the meter's
specification sheet. Sometimes
you will be lucky enough to find
information printed on an old
meter face that will help deter-
mine the full-scale reading.

If you know nothing about a
meter’s electrical specifications,
they can be determined rather
easily. Generally most meters
have a full-scale current be-
tween 100 microamperes and 1
milliampere. Coil resistance
generally varies between about
40 and 1000 ohms. The setup to
measure full scale current and
coil resistance is simple. The
value of the power supply is not
critical. A potentiometer be-
tween the supply and the un-
known meter should be large
enough to limit current to
about 50 microamperes (about
200K). First set the potentiome-
ter to its maximum value, turn
on the power supply, then de-
crease the resistance until the
meter reads full scale. Measure
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Fully Trained
Electronics
Professionals

“Thanks to CIE | have tripled my previous
salary, and | am now in a challenging and
rewarding new field where only the sky is
the limit."

Daniel Wade Reynoids

Industrial Electrician

Ore-lda Foods

“CIE was recommended to me by my boss.
It was appealing since I could study at my
own pace at home and during business
travel.”

Dan Parks
Marketing M.
Analog Devices, Inc.
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“I loved the flexibility CIE offered. it was the
only way | could continue both school and
my demanding job.”

Britt A. Hanks

Director of Engineering

Petroleum Helicopters, inc.

“l liked the way the school was set up with
laboratory assignments to enforce
conceptual learning. The thing which
impressed me the most about CIE’s
curriculum is the way they show application
for all the theory that is presented.”

Daniel N. Parkman

Missile Electro-Mechanical Techniclan
U.S. Air Force
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“Completing the course gave me the ability
to efficiently troubleshoot modern
microprocessor based audio and video
systerns and enjoy a sense of job security.”
Tony Reynolds

Service Manager/Techniclan

Threshold Audio & Video

Graduate with an Associate
Degree from CIE!

CIE is the best educational
value you can receive if you
want to learn about
electronics, and earn a good
income with that knowiedge.
CIE's reputation as the world
leader in home study
electronics is based solely
on the success of our
graduates. And we've
earned our reputation with
an unconditional commit-
ment to provide our students
with the very best electronics
training.

Just ask any of the
150,000-plus graduates of
the Cleveland Institute of
Electronics who are working
in high-paying positions with
aerospace, computer,
medical, automotive and
communications firms
throughout the world.
They'll tell you success
didn’'t come easy...but it
did come...thanks to their
CIE training. And today, a
career in electronics offers
more rewards than ever.
before.

CIE’S COMMITTED TO
BEING THE BEST...IN ONE
AREA...ELECTRONICS.
CIE isn't another be-
everything-to-everyone
school. CIE teaches only
one subject and we believe
we're the best at what we
do. Also, CIE is accredited
by the National Home Study
Council. And with more than
1,000 graduates each year,
we're the largest home study
school specializing exclu-
sively in electronics. CIE has
been training career-minded
students for nearly sixty
years and we're the best at
our subject...
ELECTRONICS...

IT’S THE ONLY SUBJECT
WE TEACH!

CIE PROVIDES A
LEARNING METHOD SO
GOOD IT'S PATENTED.
CIE's AUTO-PRO-
GRAMMED® lessons are a
proven learning method for
building valuable electronics

career skills. Each lesson is
designed to take you step-
by-step and principle-by-
principle. And while all of
CIE’s lessons are designed
for independent study, CIE's
instructors are personally
available to assist you with
just a toll free call. The resuit
is practical training... the kind
of experience you can put to
work in today’s marketplace.

LEARN BY DOING...WITH
STATE-OF-THE-ART
EQUIPMENT AND
TRAINING.

CIE pioneered the
first Electronics
Laboratory

Course
and the first
Microprocessor «
Course. Today, no
other home study
school can match CIE's
state-of-the-art equipment
and training. And all your
laboratory equipment, books
and lessons are.included in
your tuition. it’s all yours to
use while you study and for
on-the-job after you
graduate.

PERSONALIZED
TRAINING....TO MATCH
YOUR BACKGROUND.
While some of our students
have a working knowledge of
electronics others are just
starting out. That's why CIE
has developed twelve career
courses and an ALA.S.
Degree program to choose
from. So, even if you're not
sure which electronics career
is best for you, CIE can get
you started with core lessons
applicable to all areas in

Send for CIE’s FREE Course Catalog and

See How We Can Help Your Career Too!

electronics. And every CIE
Course earrs credit towards
the compietion of your
Associate in Applied Science
Degree. So you can work
toward your degree in stages
or as fast as you wish. In fact,
CIE is the only school that
actually rewards you for fast
study, which can save you

money.

I Y ES ! | want to get started.

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

Please Print Clearly

Name

Address

City

State Zip_____ Age

Phone No.
Check box for G.I. Bill Benefits.

Veteran
AHVO05

Active Duty
Cleveland Institute of Electronics, Inc.
1776 East 17th Street
Cleveland, OH 44114

A School of Thousands.
A Class of One. Since 1934.
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BATTERY
VOLTAGE

FiG.1—A VOLTMETER, purchased for $2
surplus, shown before (top) and after
modification (bottom).

the voltage of the supply and the
value of the variable resistance.
The voltage divided by the resis-
tance will then give you the cur-
rent required to deflect the
meter full scale.

Another potentiometer can
determine the meter coil resis-
tance. With the meter indicat-
ing full-scale current, place a 1K
potentiometer across the meter
and adjust until the meter reads
exactly Y2 scale. Remove this po-
tentiometer and measure its
value. This will be the value of
the coil resistance of the meter.
The meter in Fig. 1 had a full-
scale current reading of 229 mi-
croamperes and a coil resis-
tance of 819 ohms.

Making faces

A protractor is the best tool
for measuring the total angle of
movement of the meter needle,
which generally runs from 90 to
120 degrees. Also measure the
distance from the pivot point to
the scale of the old meter face
and the location of the face-
plate mounting holes with re-
spect to the pivot point. Those
measurements will be input to

the program that draws the new
meter face.

The next step in putting a
new face on your meter is to
carefully remove the old meter
face plate. After opening up the
meter case it is usually just a
matter of removing the small
screws holding the face plage
on. A set of jeweler’s screw driv-
ers can sometimes be helpful for
particularly small meters. Once
the face plate is loose it can be
removed by very carefully slid-
ing it from under the needle of
the meter. Be careful not to bend
or bump the needle.

Using HPGL

HPGL is a graphics language
of short, simple statements that
allows lines, arcs, and text to be
drawn. Originally developed for
plotters, this language has been
incorporated into many of to-
day's laser printers. By using
just a few of the many HPGL

statements, professional look-
ing meter scales can be created
with customized features.

The BASIC language can send
HPGL commands to the printer
for drawing the various features
of the scale. Using a computer
language to send the com-
mands to the printer is helpful
because many commands can
be generated using program
loops with an incrementing
variable. This lets rather short
programs generate many dif-
ferent individual graphic ele-
ments to compose the new
meter face plate.

Listing 1 is the BASIC pro-
gram that draws the meter face
in Fig. 2. Only a few of the many
HPGL commands are used in
the program. Most are two-let-
ter commands followed by argu-
ments. In Listing 1 many of the
arguments are calculated by the
BASIC program. The program
plots points on a graph that has

LISTING 1

REM - PUT THE ORIGIN IN THE MIDDLE OF THE PAGE.

REM - THIS IS THE NEEDLE PIVOT POINT
XORG = 4000
YORG = 5500

REM - CONSTANTS USED FOR PLOTTING
IRAD = 1.4 * 1016

ORAD 1.5 * 1016
IIRAD = 1.33 * 1016
ANGLE = 90

K = .0174533
MAJORDIV = 5
MINORDIV = 50

REM - CLEAR THE PRINTER

LPRINT CHR$(27); "E"

REM - PUT THE PRINTER INTO HPGL MODE
LPRINT CHR$(27); "80B"

REM - INITALIZE HPGL MODE

LPRINT "IN;"

REM - SELECT A PEN SO IT WILL PRINT AND SET THE WIDTH

LPRINT "SPL:;"
LPRINT "PWO;"

REM - DRAW THE UPER AND LOWER ARCS FOR THE METER SCALE

LPRINT "PA"; XORG - SIN{ANGLE / 2 * K) * ORAD;

* ORAD; ";PD:;"

LPRINT "AA"; XORG; ","; YORG;

LPRINT "PU;"

LPRINT "PA"; XORG -~ SIN(ANGLE / 2 * K) * IRAD; ",";
* IRAD; ";PDs"

LPRINT "AA"; XORG} “,'"; YORG;

wou,
¢ 7

","; YORG + COS(ANGLE / 2 * K)

", %3 —ANGLE; ";"

YORG + COS(ANGLE / 2 * K)

~ANGLE; ";"

REM - PUT IN THE 50 TICK MARKS FOR TENTHS OF VOLTS
FOR I = -ANGLE / 2 TO ANGLE / 2 STEP ANGLE / MINORDIV

LPRINT "PU;"

LPRINT "PA"; XORG + SIN(I * K) * IRAD;
LPRINT "PD:;"

LPRINT "PA"™; XORG + SIN(I * K} * ORAD;
LPRINT “"PU;"

NEXT I

","; YORG + COS(I * K) * IRAD; "p"

","; YORG + COS(I * K) * ORAD; ";"

REM - PRINT THE VOLT MARKS USING HEAVIER LINES AND EXTENDING BELOW THE ARC

LPRINT "PW.5;"

FOR I = -ANGLE / 2 TO ANGLE / 2 STEP ANGLE / MAJORDIV

LPRINT "PU;"

LPRINT "PA®"; XORG + SIN{I * K) * IIRAD;

LPRINT "PD; "

LPRINT "PA"; XORG 4 SIN(I * K} * ORAD;
LPRINT "PU;"

NEXT I

","; YORG + COS(I * K) * IIRAD; “;"

","; YORG + COS(I * K) * ORAD; ";"
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FIG. 2—THIS METER FACE is the result
of the BASIC program in Listing 1.

1016 points (pixels) per inch in
both the X and Y directions.
Here’s a list of the commands
that are used and short descrip-
tions:
IN—Initialize
SP—Select Pen
PW—Set Pen Width
PA—Plot Absolute
AA—Arc Absolute
PU—Pen Up
PD—Pen Down
SD—Standard Font Definition
DT—Define Label Terminator
SS—Select Standard Font
LO—Label Origin
LB—Label
The syntax of those com-

mands is explained in the tech-
nical reference section for the
HPGL language in your printer
manual. Since some commands
take X and Y coordinate loca-
tions, some simple trigonome-
try is used to calculate the
arguments from the index angle
in the program of Listing 1.

Developing your own meter
face is a simple matter of run-
ning the program and printing
the resulting graphics on the
printer. You probably won't get
it right the first time, but mak-
ing modifications is easy. Writ-
ing the program in blocks that
add a new graphic after each it-
eration works best. Printing lo-
cating marks on the new face for
the mounting holes helps to al-
ign the new face properly on the
old face plate.

Once everything looks the
way you want it to on paper,
print the results on a full-page
laser label, It's best to apply the

REM - PRINT THE HALF VOLT MARKS USING A HEAVY LINE BETWEEN THE TWO ARC LINES

LPRINT "PW.5;"

FOR I = -ANGLE / 2 TO ANGLE / 2 STEP ANGLE / MAJORDIV / 2

LPRINT “PU;"

LPRINT "PA"; XORG + SIN(I * K) * IRAD; ",™; YORG + COS(I * K} * IRAD; Tl

LPRINT "PDs"

LPRINT "PA"; XORG + SIN(I * K) * ORAD; ","; YORG + COS(I * K)

LPRINT "PU;"
NEXT I

* ORAD; ";"

REM - SET UP TO LABEL THE METER AND PRINT "BATTERY VOLTAGE"

LPRINT "SD1,21,2,1,4,10,7,4148;"
LPRINT-"DT*,1;"
LPRINT "SS;"
LPRINT "PA"; XORG;
LPRINT "LO4:"
LPRINT "LBBATTERY*;"

","; YORG + 900; ")"

LPRINT "PA"; XORG; ","; YORG + 750; ™"

LPRINT "LBVOLTAGE*;"

REM - PUT THE LOW AND HIGH VALUE BELOW THE SCALE ARC

LPRINT "LO16;"

LPRINT "PA"; XORG + SIN((~ANGLE / 2) * K} * IIRAD; ®,"; YORG + COS((~ANGLE /

2) * K} * IIRAD; ";"
LPRINT "DI"; COS(ANGLE / 2 * K); ",":
LPRINT "LB10*%*;"

SIN(ANGLE / 2 * K}; ";"

LPRINT "PA"; XORG + SIN{ANGLE / 2 * K) * IIRAD; ","; YORG + COS{ANGLE / 2 * K)

* IIRAD; ™"
LPRINT "DI"j) COS{(-ANGLE / 2) * K});
LPRINT "LB15*;"

“,"1 SIN((-ANGLE / 2) * K); ";"

REM -~ PUT THE INTERMEDIATE VALUES ABOVE THE SCALE ARC

LPRINT "LO14;"

FOR I = —(ANGLE / 2) 4 ANGLE / MAJORDIV TO ANGLE / 2 - ANGLE / MAJORDIV STEP

ANGLE / MAJORDIV

LPRINT "PA"; XORG + SIN(I * K) * ORAD; ","; YORG + COS(I * K) * ORAD; ";"
LPRINT "DI"; COS(~I * K); ","; SIN(-I * K); ";"
LPRINT "LB"j; INT(I / (ANGLE / MAJORDIV} + 12.5); "*;"

NEXT I

REM - PUT IN THE LOCATION DOTS FOR THE MOUNTING HOLES

LPRINT "PA"; XORG -~ 508;
LPRINT "PD;"
LPRINT "PU;"
LPRINT "PA"; XORG 4+ 508;
LPRINT °
LPRINT "PU;"

REM - RESET THE PRINTER
LPRINT CHR$ (27); "%0A"
LPRINT CHR$(27); "E"
END

oy YORGH %

", v YORG; ";"

new label on the reverse side of
the old face plate since it's usu-
ally a nice clean surface. Punch
pinholes in the location marks
to help locate them from the

FIG.3—HERE IS THE NEW LABEL pas-
ted onto the surplus meter.

back side of the label. Peel off
the backing of the new scale la-
bel and place the label face
down. Then stick the face plate
to the label, lining up the locator
holes in the center of the face
plate mounting holes. After ap-
plying the label use a modeling
knife to trim the excess paper
from around the meter face
plate and mounting holes. Fig-
ure 3 shows the new label ap-
plied to the old meter.
Reassembly finishes the job.
Carefully slide the face plate un-
der the meter needle and replace
the mounting screws. Next, re-
place the meter cover.
Creativity is the key to adding
an exciting meter display to
your next project. Expanded-
scale voltmeters are an ideal ap-
plication for this technique.
Power supply current meters
are also nice to have. This tech-
nique can also create non-linear
meter scales such as decibel
meters for audio or RF applica-
tions. Meter recycling can en-
hance your projects with just a
small investment in time. Q
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PROTOTYPING STATION

Build this full-featured breadboard laboratory, and add
custom features to suit your own needs.

One of the most gratifying
benefits of being an elec-

tronics hobbyist is the oppor-
tunity to design and build
custom projects for a particular
need or purpose. The incredible
number of new integrated cir-
cuits that are introduced each
uear provides building blocks
for circuits and fertile ground
for experimentation in elec-
tronics.

One requirement for suc-
cessful prototyping and experi-
mentation is a quick, conve-
nient way to connect and
disconnect components. Sol-
derless breadboards are a good
start, but all too often one is
likely to end up with the board
in the center surrounded by a
maze of wires that connect
switches, potentiometers,
meters, power supplies, and
any number of other compo-
nents that dangle in all direc-
tions. The arrangement of
components can be both frus-
trating and irritating. The solu-
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tion is to combine the bread-
board, power supply, and other
commonly used parts into a
self-contained unit.

Factory-made laboratories
like that are available, but they
can be quite expensive. The lab
described in this article, how-
ever, combines economy. expan-
sion, and easy customization—
you can use many of the parts
you might already have on hand
in your junkbox.

Design

The prototyping station base
consists of a 20-inch length of 1-
by 12-inch pine board that is
sanded, stained and finished.
The various power supplies are
located to the right; the center
section is reserved for three
breadboards and the main
equipment backboard. The left
side is left open to accommodate
additional modular back-
boards, or any other pe-
ripherals such as keypads or
data-entry terminals. The base

L e i
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FIG. 1—BASIC PROTOTYPING LAYOUT. The base can be raised to make room for
plastic drawers, power transformers, or other equipment.

can be raised to make room for
plastic drawers, power transfor-
mers, or other equipment. Rub-
ber feet can be used to ensure
that the lab is stable on the
bench. That basic layout is
shown in Fig. 1.

Power supplies

Since the availability of power
is always a requirement for suc-
cessful prototyping, a variety of
different power sources is incor-
porated on the right-hand sec-
tion of the station (Fig. 2 shows
a close-up view of the power sec-
tion). The first power supply on
the upper left is a surplus Texas
Instruments computer board,
bought at a clearance sale for
$5. With the addition of an LED
indicator, it provides a good
clean source of =5 volts and
+12 volts. Being a computer-
grade supply, the outputs are
well-regulated, well-filtered, and
can output about 1 ampere
each. Power for this supply
comes from an off-board wall-
outlet transformer, and it is in-
put to the supply via a two-posi-
tion pushbutton terminal (the
kind you might see on the back
of a speaker).

Since a standard dry cell is
appropriate to power many cir-
cuits, the second supply shown
on the upper right of Fig. 2 con-
sists of four AA cells and one 9-
volt battery. The case from an
old nickel-cadmium battery
charger holds the AA cells, and a
rotary switch and power indica-
tor were added. The battery
holder is tapped at each of the
four positive battery pads, and
each pad is wired to one pole of
the rotary switch. The 9-volt
battery is wired to a fifth pole on
the rotary switch. This allows
the selection of 1.5, 3, 4.5, or 6
volts DC from the AA pack, and



9 volts from the 9-volt battery.
The LED indicator is a 0.3-inch
high, seven-segment display,
with all segments turned on to
form an “8,” which is a more
noticeable reminder of the “on”
status of the battery pack thana
single LED. The output from
this supply is connected to two
of three binding posts for easy
access. The third binding post
is the negative 5-volt supply
from the TI computer supply.
Another voltage source is pro-
vided by a +1.2- to 20-volt DC

Y o S
0

FIG. 2—A VARIETY

Ittrip;
vo"'fr?x

variable power supply that was
built from a kit some years ago.
The potentiometer next to the
battery pack allows for adjust-
ment of the output voltage,
which is available at another
two-position pushbutton termi-
nal. An analog meter indicates
the vcltage at the pushbutton
terminals.

Next to the variable supply is
a 12.6-volt, center-tapped trans-
former, complete with a switch
and indicator LED, that pro-
vides 6- and 12-volts AC. An

F POWER SOURCES is incorporated into the lab. '

¥ CARL J. BERGQUIST

SPST slide switch is connected
to one side of the 120-volt AC
input to the transformer pri-
mary. The outputs are wired to
multipurpose posts on the
main backboard.

AC power is made available at
a triple-outlet AC strip, which
gets its power via a heavy-duty
line cord. The power inputs for
the AC and variable supplies are
also connected to this line cord.

The five separate power sup-
plies can be customized to suit
your needs. If you decide to en-
close the power supplies, be
sure to provide for adequate
ventilation to allow heat to es-
cape. The main 120-volt AC in-
put should be protected against
surges and spikes if you antici-
pate prototyping computer cir-
cuits.

Breadboards

In the center of the base board
are three 640-point solderless
breadboards, laid out side-by-
side (see Fig. 3). The top bread-
board is a Radio Shack unitona
metal base with three multipur-
pose posts. The other two
breadboards are plug-in panels
mounted on a plywood base. All
three breadboards have dual
two-connection bus lines at
their tops and bottoms, and will
accommodate SIPs, DIPs, dis-

N 966 HOOBANVH S,HILNIWIHIIXT SOINOHLOATT
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FiG. 3—THREE 640-POINT breadboards
are laid out side-by-side. The top bread-
board is on a metal base with three mul-
tipurpose posts, and the other two are
plug-in panels mounted on a plywood
base.
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crete components, and jumper
wires. While this breadboard ar-
rangement has provided the au-
thor with enough space and has
been versatile enough for all of
his projects to date, it is cer-
tainly not the only arrangement
possible. The breadboards are
available in a variety of shapes
and sizes, with from 250 con-
tact points to 2500 or more.
Some thought about the types
of circuits you'll be working on
will help you make a final deci-
sion on this part of the lab.

Backboards and modules

The main function of the
backboard is to support more
cumbersome components,
modules, and any other circuits
that the builder wants to add—
items such as switches, potenti-
ometers, meters, displays. The
main backboard occupies

= i
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FIG.4—THE MAIN BACKBOARD occupies about 10 mches across the back edge of the
base. The backboard holds many of the accessories.
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FIG. 5—A BARGRAPH is mounted in the
center of the backboard.

about 10 inches across the back
edge of the base (see Fig. 4).
Two 19-position terminal
strips provide access to the
parts mounted on the back-
board. The strips on the pro-
totype were removed from a
surplus alarm board. The screw
terminals allow connections to
be made with alligator clips,
bare wire, and spade lugs. How-
ever, spring-loaded terminals,
SIP sockets, or any other con-
nector you might have on hand
can be used here. Each point on
the terminal strips is wired to a

PARTS LIST—MAIN UNIT

Resistors

1K panel-mount potentiometer

10K panel-mount potentiometer

100K panel-mount potentiometer

1 megohm panel-mount potentiometer
Capacitors

4 to 55 pF variable capacitor
Semiconductors

One 0.3-inch 7-segment display, com-
mon anode

Four 0.56-inch 7-segment displays,
common anode (MANG6710) or four
0.56-inch 7-segment displays, common
cathode (MANG6740)

Power supplies

Texas Instrument surplus computer
power supply, or equivalent

12.6-volt AC transformer

4-AA battery holder

9-volt battery connector

1.2 to 20 volt variable DC supply

120 VAC power strip

Other components

Two spring-loaded speaker-type termi-
nals, six binding posts, 6-foot AC line-
cord, plastic project cases, three 640-
point breadboards, two 19-point termi-
nal strips, heavy-duty DPDT toggle
switch, momentary pushbutton switch,
6-position rotary switch, 0 to 1 mA ana-
log meter movement, smail push-on
push-off switch, 11-pin SiP socket, 28-
pin DIP socket, bayonet lamp socket
with lens and bulb assortment, hookup
wire and zip cord, hardware, seven pan-
el knobs, TO-220 10-watt heatsink, 4-
contact tie point.

PARTS LIST—BARGRAPH

IC1-—-LM3914 bargraph driver and 18-
pin DIP socket, National Semiconductor
R1—1000 ohms, Ys-watt resistor
R2-—-5000 ohms, panel-mount potenti-
ometer with switch

T1—audio transformer, 1K primary, 8-
ohm secondary (Radio Shack
273-1380)

J1—¥-inch phono jack and plug
D1—1N4001 diode
LED1-LED10—light-emitting diode, any
color

S1—DPDT switch

connection on the component,
and labeled for identification.

The row of components above
the terminal strips consists of
four potentiometers (1-, 10-,
and 100-kilohms and 1
megohm) and a 4- to 55-pF vari-
able capacitor. To the right of
that row is a DPDT toggle
switch, momerntary control
(MC) switch, and six-position
rotary switch. The binding
posts on the extreme right out-
put the 6- and 12-volts AC, pre-
viously mentioned.

On the left side are two analog
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FIG. 6—LED BARGRAPH SCHEMATIC. The circuit consists mainly of an LM3914

bargraph display driver IC.

<R
< X
\
—@—— LED10
T _&4 !
ic1 €9 i
5 = |
— £ |
/81 &=
Ssem— —(& LEDY
DIRECT —b e
—| |
£+ B +V
| Al 4]
INPUT

FIG. 7—PARTS-PLACEMENT DIAGRAM for the bargraph circuit.

meters (M1 and M2). Meter M1 is
rated for O to 1 milliampere,
which is a useful value for many
circuit designs, and M2 is 500
microampere, * center scale
unit. This is essential when de-
signing a circuit where the out-
put can swing either positive or
negative. Meter M2 is illumi-
nated, and the small push-but-
ton switch labeled L.O. acti-
vates the 6-volt lamp.

Abank of seven-segment LED
displays is mounted in the top
center of the backboard. The

first row of four is in a multi-
plexed arrangement, with all
like segments tied together.
Connection to the multiplexed
displays is accomplished via the
SIP socket to the right, which is
labeled accordingly. The second
row of seven-segment displays
is wired as a 3Y%-digit display
that allows individual access to
each of the 24 segments and the
common anode. Connections to
this display row are made via
the DIP socket below it, which is
marked appropriately for use

with digital circuits having that
type of output.

Below the DIP socket is an in-
candescent lamp indicator with
abayonet-type socket. Bulbs are
easily changed, and they are
available in 6-, 12-, 14-, and 28-
volt versions.

The author installed a ten-
step LED bargraph and a 3%-
digit voltmeter on the back-
board, both as a matter of per-
sonal preference. The bargraph
is mounted in the center of the
backboard as shown in Fig. 5. A
schematic of the LED bargraph
circuit is shown in Fig. 6. The
circuit consists mainly of an
LM3914 bargraph display driv-
er IC. Switch Sl allows signals
to be input to the driver chip

ICL7107(2-V)
VOLTMETER-
~ IN
' @ @ (&)
E Ou‘rv 4+ N = ON
X

DIGITAL DISPLAY

POWER

HL REF L0 S
® -
32735 ey

M s
FIG. 8—A 3%-DIGIT VOLTMETER oc-
cupies the upper right hand corner of
the backboard.

PARTS LIST—VOLTMETER

IC1—ICL7107CPL A/D converter/LED
display driver, Harris

DISP1—two 2-digit common-anode 7-
segment displays (MAN6710 or equiv)
C1—0.22 uF, mica capacitor
C2—0.047 uF, mica capacitor
C3—0.01 pF, mica capacitor

C4—0.1 pF, mica capacitor

C1—100 pF, ceramic disc capacitor
R1—470,000 ohms, ¥4-watt, 5% resistor
R2—1 megohm, Yi-watt, 5% resistor
R3—25,000 ohms, PC-mount potenti-
ometer

R4—22,000 ohms, Vs-watt, 5% resistor
R5—100,000 ohms, Ya-watt, 5% resistor
S1—S8PDT toggle switch
Miscellaneous: pushbutton switch, 3-
position rotary switch, five banana
jacks, green LED
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FIG. 9—THE SCHEMATIC DIAGRAM of the voltmeter circuit.

PARTS LIST—BCD DECODER

IC1—74LS48 BCD to 7-segment de-

coder

1C2—CD4553 3-digit BCD counter, Har-

ris

Q1-Q3—2N3906 PNP transistors
R1-R7—220 ohms, Va-watt, 5% resistor

R8-R10—1000 ohms, Y%-watt, 5% re-
sistor

C1—0.001 uF, ceramic disc capacitor ;
DISP1—three common-cathode 7-seg-
ment displays

directly, or through a matching

transformer T1 for audio.
Signals are input to the bar-

gr_ap_h circuit at J1, a /s-inch x x ’ : _L

mini phono jack. The 5-kilohm
poterln)tiomejter (R2) controls BARGRAPH FOIL PATTERN. VOLTMETER FOIL PATTERN.

gain. The author used a potenti-

ometer with a built-in on/off on and off independently. You Power for the bargraph circuit
switch so that power to the bar-  can either do the same, orusea  is provided by the TI computer
graph display could be turned separate switch for power.  supply.
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FIG. 10—PARTS-PLACEMENT DIAGRAM for the voltmeter circuit.

PARTS LIST
AUDIO AMPLIFIER

IC1—LM386 audio amplifier, National
Semiconductor

R1-—10,000 ohms, panel-mount potenti-
ometer with switch (or use separate po-
tentiometer and switch)

C1—20 uF, 25 volts, electrolytic
8-position terminal strip

1l2-inch, 8-ohm speaker

PARTS LIST—-METER

M1—4- to 6-inch, 0 to 1 mA analog-
meter movement

S1—8-position rotary switch
D1—1N4002 diode

R1-—10 ohms, %-watt, 5% resistor
R2—100 ohms, Ya-watt, 5% resistor
R3—1000-ohms, %-watt, 5% resistor
R4—10,000 ohms, Ya-watt, 5% resistor
R5—100,000 ohms, Ya-watt, 5% resistor
R6—1 megohm, Ys-watt, 5% resistor
R6—10 megohms, Va-watt, 5% resistor
Two banana jacks

A - VISV
Tt AUDIO MODULE %
b e
@ HI
I w @ . 8
FREQUENCY @ GAIN < Ri
RANGE < 1IMEG
AUOIO GENERATOR FREQ
010 +
AUDI 5 AAA o
< R2 \Ad
AMPLIFIER :: v 2 555 R3
8 5K
2 GAIN. OuUTPUT
vOLUME &
C1
o1y) 5
GEN AMPLIFIER SPKR
o‘r IN our IN c2 81 1
levecenoe o—)|—j"‘F ;
T AT T ;!!; ‘-Lﬁ

FIG. 1=—THE AUDIO MODULE consists
of an audio generator, an amplifier, a
speaker, and a terminal strip.

A foil pattern is provided for
the bargraph circuit, and the
parts-placement diagram for it
is shown in Fig. 7.

The 3'-digit voltmeter oc- & A
cupies the upper right hand cor- a1
ner of the backboard, as shown INPUT 10K
in Fig. 8. Figure 9 is the sche- J oIl
&

y

FIG. 12—SIGNAL GENERATOR. Potentiometer R1 sets the output frequency.

matic diagram of the voltmeter
circuit. A foil pattern is pro-

vided for this circuit, and Fig.
10 is its parts-placement di-
agram. This circuit can also be
point-to-point wired. The cir-
cuit contains a Harris ICL 7107

FIG. 13—AUDIO AMPLIFIER. This circuit has a gain of about 20.

this circuit. Switch S1 allows
the + 5-volt source to be routed
either to the on-board 25-kilo-

analog-to-digital converter/ dis-
play driver. A standard 2-volt
configuration was chosen for
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FIG 14—THE AUDIO MODULE is too
simple to call fora PC board, so point-to-
point wiring was used.

3 DIGIT BCD
DECOJER/DRIVER

FIG. 15—3 DIGIT BCD DECODER driver
is another practical function block.

PARTS LIST—AUDIO MODULE

IC1—LMB555 timer

R1—1 megohm, panel-mount potenti-
ometer with switch

R2-—1000 ohms, Vs-watt, 5% resistor
R3—5000 ohms, panel-mount potenti-
ometer

C1—0.01 uF, Tantalum

C2—1 pF, Tantalum

S1—SPDT switch

hm potentiometer, or to an ex-
ternal jack, depending on the
need. To calibrate the meter, ap-
ply 1.2 volts from the variable
power supply to the input, and
adjust R3 until the display
reads 1.200. Then, switch the
input leads, and the display
should read —1.200.
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FIG. 16—THE BCD DECODER-DRIVER circuit will interface with any standard BCD

output to produce a digital display.
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FIG. 17—A LOGIC PROBE is also included in BCD decoder module. The red LED lights
to indicate a logic high, and the green LED lights to indicate a logic low.

The left side of the base is re-
served for add-on modules,
which can have a number of dif-
ferent functions depending on
what is needed. The audio mod-
ule shown in Fig. 11 consists of
an audio signal generator, an

(Continued on page 112)

PARTS LIST—LOGIC PROBE

IC1—7404 hex inverter

R1—220 ohms, Ve-watt, 5% resistor
LED1-—green light-emitting diode
LED2—red light-emitting diode

Two common-anode 7-segment dis-
plays (optlonal, see text) source
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DG e ' Build this simple _
superheterodyne receiver

vices provided by radio stations
WWV and WWVH operated by

o

the National Institute of Stan- fo receive time and other
dards and Technology (NIST). { .

Their ultra-accurate 10-mega- usefu’ SIgnaIs from NIST’S
hertz carrier frequencies can be

used to calibrate signal gener- wwv and

ators in a process called “zero

beating” against the carrier fre- WWVH. wwv
quency. The stations also trans- :

mit many other accurate fre-
quencies, storm warnings for

mariners at sea, and GPS

(Global Positioning Satellite)

position data.
This article explains how to !

build a simple, inexpensive su- NEIL HECKT
perheterodyne radio receiver for !
WWV and WWVH signals. The !
objective in the design of this
receiver was to obtain reliable !
reception with an antenna only r
3- to 6-feet long. The sensitivity i
obtained with this receiver '
equals that obtainable from a
81000 communications re-
ceiver operating from a 60-foot
antenna.

Can the performance of a re- TABLE 1—UTC TIME ZONE CONVERSION
ceiver made from S30 worth of . ’ : ; - O '
parts equal the performance of UTC | Eastern | Central | Mountain | Pacific Alaska
a 81000 factory-built receiver? i Alaska Hawaii
The answer is no because sen- . 0000 -| 7:00PM 6:00PM 5:00PM 4:00PM 2:00PM
sitivity is only one measure of . 0100 8:00PM 7:00PM .| 6:00PM | 5:00PM 3:00PM
BESTE oE I TS 3, 1IE eos; 0200 .| 9:00PM | 800PM | 7:00PM | 6:00PM | 4:00PM
significant difference between - : “00PM — 0P ]
receivers is in their overall sig- 5 0300 10:00PM | . 9:00 8:00PM 7:00PM 5:00
nal-to-noise ratios. However, = 0400 7| 11:00PM [|+10:00PM .| 9:00PM 8:00PM 6:00PM
the WWV/WWVH receiver de- *. 0500 Midnight |*11:00PM | 10:00PM | 9:00PM 7:00PM
seribed here has sufficient sen. 570600 [ 1:00AM |+ Midnight | 11:00PM_| 10:00PM | 8:00PM
functi)(,)n. *.0700 <| 2:00AM |, 1:00AM Midnight | 11:00PM 9:00PM

This receiver economizes in 0800 3:00AM |- 2:00AM 1:00AM Midnight 10:00PM
the quality of its filters. Most & 0900 4:00AM 3:00AM | 2:00AM 1:00AM 11:00PM
figt‘?ry'madet communications " yg00 5:00AM |5 4.00AM | 3:00AM | 2:00AM | Midnight
receivers contain expensive pre- - - = - -
cision crystal intermediate fre- - 1100 .| 6:00AM ’ 5:00AM 4:00AM 3:00AM 1:00AM
quency (IF) filters which greatly w4 1200 7:00AM |5 6:00AM . 5:00AM 4:00AM 2:00AM
improve the signal-to-noise 4., 1300 8:00AM 7:00AM 6:00AM 5:00AM 3:00AM
ratio by screening out most of 439400 9:00AM | B8:00AM | 7:00AM | 6:00AM | 4:00AM

the noise in the radio-frequency

spectrum. Moreover, those com- 1500 10:00AM 9:00AM 8:00AM 7:00AM 5:00AM

11:00AM 10:00AM 9:00AM 8:00AM 6:00AM

e

munications receivers also have » 1600

superior intermodulation dis- 1700 . Noon 11:00AM 10:00AM 9:00AM 7:00AM

tortion (IMD) and dynamic 1800 1:00PM Noon 11:00AM | 10:00AM | 8:00AM

m%’&;&)‘#red for WWV/ =900 2:00PM | 1:00PM 7| Noon 11:00AM 9:00AM

2000 3:00PM 2:00PM | 1:00PM Noon 10:00AM

WWV/WWVH transmissions 2100 4:00PM  |4: 3:00PM 2:00PM 1:00PM 11:00AM
The WWV transmitter is lo- 2200 5:00PM 4:00PM °| 3:00PM | 2:00PM Noon

cated in Fort Collins, Colorado,

and its signal can be identified s, 2300 .| 6:00PM | 5:00PM 4:00PM 3:00PM 1:00PM
by male voice announcements. (add one hour during daylight savings time)
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FIG. 1—SCHEMATIC OF THE WWYV RECEIVER. A short antenna from three to six feet

long is sufficient.

WWVH?’ transmitter is located
in Kauai, Hawaii, and its signal
can be identified by female voice
announcements. Both stations
broadcast on exactly the same
frequencies, but they do not in-
terfere with each other because
their bands are so narrow they
sound like a sing). station when
both are received with equal sig-
nal strength.

Stations WWV and WWVH op-
erate on a carrier frequency of
2.5 MHz. Station WWV broad-
casts with 2.5 kilowatts (kW) of
power, while WWVH broadcasts
with 5 kW of power. Other fre-
quency-power relationships are
5, 10, and 15 MHz at 10 kW and
20 and 25 MHz at 2.5 kW. The
receiver described in this article
was designed to receive 10-MHz
signals because the author has
found that they provide the
most reliable reception.

Carrier frequency and all
other time-related data is de-
rived from cesium-controlled
oscillators that are accurate to
within *1 part in 10!!l. Daily
deviations are less than one
part in 10'2 from day-to-day.
Phenomena such as Doppler
and diurnal shifts can degrade
the accuracy at the receiver, but
long-term accuracy of one part
in 10° can easily be obtained.

There are many different time
zones around the world, so it
would be impractical to broad-
cast time for each time zone. To
simplify matters, WWV/WWVH
transmit time data in Coordi-
nated Universal Time (UTC),
also known as Greenwich Mean

Time (GMT), World Time and
Zulu Time.

What is UTC? It is the time in
England, uncorrected for
daylight savings time, and it is
always stated in a 24-hour for-
mat. It is called GMT because
the zero or Greenwich meridian
passes through England, west
of London. Table 1 provides in-
formation that will permit you
to determine the local time-oi-
day from the UTC announced by
WWV and WWVH.

Refer to the sidebar for more

technical details on the WWV
and WWVH transmission for-
mats. More information on the
services of WWV and WWVH can
be obtained by writing Frequen-
cy-Time Broadcast Services
Section, Time and Frequency
Division, National Institute of
Standards and Technology,
Boulder, CO 80302.

Circuit description

A schematic of the WWV re-
ceiver isshownin Fig. 5. Ashort
antenna (three to six feet) repre-
sents a high-impedance source.
Transistor Ql, a Motorola

WWV and WWVH minute signals

UTC VOICE
ANNOUNCEMENT

600Hz
TONE

NI

525

SPECIAL
ANNOUNCEMENT
OR 500Hz TONE

E

52.5

WWV and WWVH each have dif-
ferent one minute increments of time, as
shown. Minute zero, and all even num-
bered minutes of WWV begin with a 45-
second interval containing either a spe-
cial announcement or a 500-Hz tone.
This is followed by 7.5 seconds of si-
lence except for the one-second tick.

The last 7.5 seconds contains the
voice UTC time announcement. Minute
1, and all odd numbered minutes, have
45 seconds of a 600-Hz tone followed by

UTC VOICE
ANNOUNCEMENT

52.5
SPECIAL
ANNOUNCEMENT

OR 500Hz TONE

the 7.5 seconds of silence except for tick
and the 7.5-second UTC time an-
nouncement.

WWVH broadcasts with a similar for-
mat except even and odd minutes are
reversed, and the silent and UTC time
announcement intervals are reversed.
This prevents interference if both sta-
tions are received simultaneously (this
occurs on the West Coast of the U.S.).
The 45-second interval of each minute
might contain variations.



MPF102 JFET, provides input
impedance matching and some
gain. A double-tuned input fil-
ter, consisting of T1, T2, and
C4, provides adequate selec-
tivity to attenuate the image fre-
quency of 9.09 MHz.

A Philips NE602N mixer (IC1)
contains a double-balanced
mixer and oscillator which sup-
plies approximately 14 dB of
conversion gain. The oscillator
section is crystal controlled to
provide stability and eliminate
the need for tuning. The output
of the NE60O2N is coupled to a
455-kHz ceramic IF filter (FIL1)
with about a 4-kHz bandwidth.
The filter's 1500-ohm input and
output impedance is matched
by resistors RS and R7. The out-
put impedance of IC1 is 1500
ohms which, with R5, equals
about 1500 ohms.

A Motorola MC1350P IF am-
plifier {IC2) provides about 60
dB of gain with about 80 dB of

automatic gain control (AGC)
control range. The output is
coupled through 455-kHz IF
transformer T3. The output im-
pedance of IC2 at 455 kHz is
about 200 kilohms. Trans-
former T3 has a turns ratio of
6:1, and it provides an imped-
ance transformation of 36:1.

Resistor R13 terminates the
secondary of T3 with 5600
ohms, to provide the proper pri-
mary matching impedance.
Other turns ratios can be used
for T3 provided that R13 is also
changed to maintain the proper
impedance match. The input
impedance of IC4 is high and it
does not significantly affect the
impedance match.

The GEC Plessey ZN414Z, an
amplifier detector, is packaged
in a typical plastic transistor
case, but it is actually a ten-
transistor IC which provides
about 70 dB of gain, detection
and some AGC response. It is

PARTS LIST

All resistors are Y2-watt, 5%, unless
otherwise noted.

R1, R12—1 megohm

R2—220 ohms

R3—100 ohms

R4—1200 ohms

R5—100 ohms

R6, R17—1500 ohms

R7, R—4700 ohms

R8—150 ohms

R10—8200 ohms

R11—1100 ohms

R13—5600 ohms

R14, R19—10,000 ohms

R15—560 ohms

R16—100,000 ohms

R18—25,000 ohms, potentiometer
PCB-mount

R20—470,000 ohms

Capacitors

C1, C8—100 pF, ceramic

C2, C3, C5, C10, C11, C13, C17, C18—
0.1 uF, ceramic

C4—3.3 pF, ceramic

C6, C12—10 pF, 10 volts, aluminum
electrolytic

C7-—33 pF, ceramic

C9, C15—0.01 uF, ceramic

C14, C16—0.47 pF, ceramic

C19—4.7 uF, 10 volts, aluminum
electrolytic

C20—470 pF, ceramic

C21—220 kF, 10 volts, aluminum elec-
trolytic

Semiconductors

IC1—NEB02AN mixer, Philips or equiv.

1C2—MC1350P IF amplifier, Motorola or
equiv.

IC3—CA3140E operational amplifier,
Harris or equiv.

{C4—ZN414Z amplifier/detector (GEC
Plessey)

IC5—MC34119P power amplifier,
Motorola or equiv.

Q1—MPF102 JFET, Motorola or equiv.

Other components

FiL1—455-kHz ceramic filter, Tobo
HCFM2-455A or equiv.

T1, T2—~10.7-MHz IF transformer (Toko
or equivalent)

T3—455-kHz IF transformer, 6:1 ratio
(Toko or equlvalent)

XTAL1—9.545-MHz crystal

SPKR1—speaker, square, 2.5-inch, 8-
ohms

S1—SPDT switch, PCB mount

Miscellaneous: 5.3 x 4 x 2-inchplas-
tic project case, PC board, 9-volt bat-
tery, battery clip, hookup, wire, solder.

Note: The following items are avail-
able from Almost All Digital Elec-
tronics, 1412 Eim Street S.E.,
Auburn, WA 98092:

e Complete kit—$39.95 + $4.00
S&H

¢ Partial kit (includes all electronic
components, PC board, and crys-
tal—does not include project case,
speaker, or antenna)—$29.95 +
$4.00 S&H

e PC board and crystal, only—
$10.00 + $2.90 S&H

Send check or money order. Wash-
ington State residents add local
sales tax.

WWYV hour signals

STATION 1D (VOIGE
4404z 1-HOUR MAFX

STATION 1D (YOKGE

The figure shows how the WWV hour
is divided. The beginning of each hour is
identified by a 0.8-second,1500-Hz
tone. The beginning of each minute is
identified by a 0.8 second,1200-Hz tone.
The 29th and 5Sth second pulse of each
minute is omitted.

WWVH hour signals

STATION 10 {VOICE 440 Ha 1:HOUR MARK

P
STOAM INFORMATION . - 4’
= /\\\ )

SR

The figure illustrates how the WWVH
hour is divided. The beginning of each
hour is identified by a 0.8-second, 1500-
Hz tone. The beginning of each minute
is identified by a 0.8-second, 1200-Hz
tone. The 29th and £9th second pulse of
each minute is omitted.

WWYV and WWVH broadcasts are ap-
proximate mirror images of each other.
This prevents the two stations from
creating interference mutual inter-
ference during voice announcements.

designed to be powered from a
1.5-volt DC power supply with a
500-ohm load. This is emulated
by resistors R15 and R17 whose
equivalent circuit is 1.5-volts
DC flowing through 500 ohms.
The DC level at the output of IC4
is about 1.1-volts DC with no
signal, and 0.9-volt DC with a
strong signal.

The output signal is ampli-
fied, inverted, and filtered by
IC3. Capacitor C14 removes any
audio from the signal before it is
applied to the gain control input

B 966 | YOOGANVH S HILNINIHIIX] SOINOHL0IT]
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FIG. 2—PARTS-PLACEMENT DIAGRAM. The volume control is mounted on the PC
board and adjusted before closing up the case.

pin 5 of the Motorola MC1350P
IF amplifier (IC2). When the volt-
age at the output of IC4 exceeds
the 1-volt DC reference level set
by R10 and R11, the gain of IC2
starts to roll off. As a result, the
AGC response of IC2 and IC3
tries to maintain the signal level
so that the DC level at the out-
put of IC4 is 1-volt DC.

The gain of the Motorola
MC34119P audio amplifier (IC5)
is set by the ratio of R20 to R19,
which equals 47 (about 16 dB).

This audio amplifier was se-
lected because it is a bridge am-
plifier and does not require a
large coupling capacitor to drive
the speaker.

The overall maximum gain of
the receiver is about 144 dB.
This is the sum of a —10 dB in
the input filter, +14 dB from
IC1, -6 dB in FIL1, +60 dB
fromIC2, +70dB from IC3, and
+16 dB from IC4. Ordinarily a
gain of 144 dB is too much. Nor-
mal operation can be expected

to be with about a 120 dB max-
imum gain, which is typical of a
high-quality communications
receiver. However, the gain is
usually less than that, as set by
the volume-control potentiome-
ter R18 and AGC loop.

Building the receiver

You can build the receiver on
asingle-sided PCboard that you
make yourself from the foil pat-
tern provided here. Alter-
natively, partial and complete
kits containing a finished PC
board, as well as complete re-
ceivers, are available from the
source given in the Parts List.

Figure 6 is a parts-placement
diagram. The order of assem-
bling the components to the cir-
cuit board and soldering them
is not critical. Pay particular at-
tention to the orientation of the
semiconductors, that is the lo-
cation of pin 1. Mount the vol-
ume control on the PC board.
Keep in mind that it cannot be
adjusted after it is installed in
the case.

The author designed the cir-
cuit assuming that the receiver
would be turned on only for
brief periods to obtain the cor-
rect time, and that convenient
access to the volume control
would not be necessary. How-
ever, if you want an external vol-
ume control, one can be
mounted on the case and wired
directly to the pads intended for
the PCB-mounted control.

After all the electronic compo-
nents are inserted and soldered
to the circuit board, wire the
speaker, battery clip, power
switch, and antenna. Install the
completed circuit board in the
case as shown in Fig. 7. Installa
9-volt battery.

Circuit alignment

To align the circuit, adjust
transformers T1, T2, and T3 for
peak AGC voltage at pin 6 of IC3.
The desired tuning is broad for
receiving a strong signal. At-
tach an antenna that is as short
as practical to pick up an ex-
tremely weak signal for the
alignment procedure. Even
with those precautions, the
tuning range of the IF transfor-
mers will appear to be quite
broad.
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The figure illustrates the pulse format
for the BCD time code (100-Hz subcar
rier). During the passage of a minute,
both stations broadcast the time of year
on a pulse-width modulated 100-Hz
subcarrier. Three different puise widths
are used:

1. P0-P5—position identifiers—0.8 sec-
onds (80 cycles)

2. Logic 1—data bit—0.5 seconds (50
cycles)

3. Logic 0—data bit— 0.2 seconds (20
cycles)

in addition there is a 1.03 second (103
cycles) “hole” in the code for syn-
chronization at the beginning of each
minute signal. The minute is divided into
six parts of 10 seconds duration. Each
part consists of nine data bits and a
position identifier pulse. The following
listing is the contents of the various sec-
tions.
1.—Synchronization “hole” and eight

logic zeros.

2.—Four data bits encoding the unit
minutes in binary-coded decimal (BCD),
a logic 0, three data bits encoding the
tens of minutes in BCD and another log-
ic 0.

3.—Four data bits encoding the unit
hours in BCD, a logic 0, and two data
bits encoding the tens of hours in BCD
and two logic 0's.

4.—Four data bits encoding the unit
days in BCD, alogic 0, and four data bits
encoding the tens of days in BCD.
5.—Two data bits encoding the hun-
dreds of days in BCD and seven logic
0's.

6.—One data bit if UT1 correction
should be applied, four logic 0's, a data
bit which is logic 1 if daylight saving time
and three data bits with the UT1 correc-
tion in tenths of a second. The UT1 cor-
rection accounts for the Earth's rotation
which varies slightly over time.

FIG. 3—THE FINAL ASSEMBLY consists of wiring the speaker, battery clip, power
switch, and antenna. The author’s prototype is shown here.

As an alternative to “on-air
tuning,” set up a 10-megahertz
signal source. It will make the
task of circuit alignment easier
by providing a constant, local,
easy to control signal. The au-
thor set a frequency counter at
10-megahertz and its internal
oscillator provided sufficient
ambient signal leakage to act as
an excellent signal source for

alignment.

The most difficult step is the
alignment of the double-tuned
input filter, T1/T2. To overcome
that obstacle, all of the transfor-
mers that are supplied with the
kit from the source listed in the
Parts List are pre-aligned. Only
slight adjustments are then
necessary for the transformers
after assembly.

Antenna considerations

The author lives near Seattle,
Washington—about 1000 miles
from Fort Collins, Colorado.
Moreover, there are several
mountain ranges between Seat-
tle and Fort Collins. The quality
of reception is usually excellent
during the day with an antenna
consisting of a 3- to 6-foot
length of wire. When the signal
is particularly strong, no anten-
na is needed.

The prototype receiver shown
in the photographs has a 30-
inch telescopic rod antenna
that works quite well, but this a
convenience feature rather than
a requirement. There are two
pads on the board for the con-
necting the antenna: one is con-
nected to the antenna and the
other is the ground connection.
While a single wire on the anten-
na terminal usually works well,
reception can generally be im-
proved with a simple dipole an-
tenna formed by a second wire
connected to ground. Q

It keeps
more than
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alive.
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SINEWAVE DOUBLER

Double the frequency of any sinewave from 10 Hz
to more than 50 MHz.

HOW OFTEN HAVE YOU WISHED THAT
your signal generator would
generate a higher frequency?
The small module described in
this article doubles the frequen-
cy of any sinewave input,
providing outputs from 10 hertz
up to and beyond 50 megahertz.
It measures less than 2 X 3.5-
inches, and consumes about
one-third of a watt. It can be per-
manently installed in almost
any signal generator or used as
an outboard module.

Theory of operation

A schematic of the frequency
doubler module is shown in Fig.
1. The core of the module is IC1,

STEVEN D. SWIFT

an Analog Devices AD834 wide-
band four-quadrant multiplier.
This IC provides wideband ana-
log multiplication of two input
signals, regardless of their po-
larity. In this circuit both X and
Y inputs are tied together to pro-
vide a squaring function.

The operation of IC1 is best
understood with the aid of sim-
ple mathematics. If the input is
assumed to be a normalized
(amplitude of 1) sinewave of fre-
guency f, then the input can be
written as:

Input = sin(2nf)

where

n = 3.14159...
f = frequency
t = time

The AD834 performs the follow-
ing function:

XY = sin(2nf) x sin(2nf)
= (sin(2xf))?

A fundamental trigonometric
identity gives:

(sin(27f))2 = (1 — cos(2(2nf))/2
(1 — cos(2n2f))/2

The last term shows a DC off-
set as well as a cosine term with
twice the frequency as the in-
put. This performs the frequen-
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FIG. 1—SCHEMATIC OF THE FREQUENCY DOUBLER. An Analog Devices AD834

wideband, four-quadrant multiplier (IC1) provides wideband analog multiplication of
two input signals.

Al

OUTPUT

FIG. 2—PARTS-PLACEMENT DIAGRAM. Square pads are on pin 1 of all ICs and on the
positive leads of all polarized capacitors.

cy doubling function. The shift from the original input,
cosine term exhibits a90°phase  but phase is of no concern in

b e o def
C

o 4y #2onie £}

this circuit. Note, however, that
the amplitude is cut in half.

Since the AD834 provides dif-
ferential current-mode outputs,
load resistors R4 and RS, gain
resistors R6and R7, and IC2 are
added to convert the signal to
an amplified and buffered sin-
gle-ended output. The ADS8I11
wideband current-mode feed-
back amplifier (IC2) is config-
ured as a differential amplifier.
Capacitors C3 and C4 remove
the DC offset from the output.
Resistor R8 provides a nominal
50-ohm output impedance, and
R1 and R2 attenuate the input
signal and provide a low-imped-
ance source to IC1.

Inductors L1, L2, L3, and L5
and capacitors C5, C6, C7, C13,
and C15 perform high-frequen-
cy filtering and decoupling. Re-
sistors R3 and R18 and capaci-
tors C1, C2, and C16 provide
decoupling and biasing for IC1.

The circuit requires a + 5-volt
supply at about 30 milliamperes
and -5 volts at about 40 milli-
amperes. Higher voltages, up to
+9 volts, can be used if the by-

+5V -5V
A A

INPUT

pass capacitor voltage ratings
are increased. Higher voltages
provide higher bandwidths
with higher power dissipation.
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PARTS LIST

All resistors are Ys-waft, 1%, met-
al film, unless noted.

R1—17.8 ohms

R2—42.3 ohms

R3—61.9 ohms

R4, R5, R8—49.9 ohms

R6, R7—499 ohms

R18—4.7 ohms, Ys-watt. 5%

Capacitors

C1, $5-C7, C16—0.1 uF, ceramic

C2—C4—100 uF, 6.3 volts, high-fre-
quency aluminum electrolytic

C13,C15—56 uF, 16 volts, high-fre-
quency aluminum electrolytic

Semiconductors

IC1—AD834JN wideband multiplier
(Analog Devices)

1C2—AD811AN current mode am-
plifier (Analog Devices)

Other components

L1, L2—Leaded EMI bead (Pan-
asonic EXC-ELSA3S, Digi-Key
PS820BK-ND)

STD INPUT
Py
oz 3]

e
u‘
Clgnoo

E

oo a2

U‘O\!—“l‘ Ove® Q_l[]

STD ouw‘m

(D) 994 NOVATECH INSTRUMENTS.

L3, L5—3-terminal EMI filter (Pan-
asonic EXC-EMT103DT, Digi-
Key 9809CT-ND)

L4—not used

Miscellaneous: PC board, wire
jumpers, seven 0.025-inch
square posts (if desired), solder.

Note: The following items are

available from Novatech In-
struments, Inc., 1530 Eastlake
Ave. East, Suite 303, Seattle,
WA 98102:
e Complete kit of all parts
(Model DOUB-1, inciudes PC
board and documentation)—
$50.00

Please add $5 shipping and han-
dling for US and Canada. $10
cverseas. Add $10 for COD or-
ders. Washingten State resi-
dents must add 8.2% sales tax.
Check or money order only.

L ING . 17@0301%

FIG. 3—THE COMPLETED BOARD. The locations for extra components are for other

board applications.

FIG. —INPUT AND OUTPUT. The top trace is the output of the
doubler with a 1-megahertz, 1.5-volt peak-peak input signal, and
the bottom trace is the input signal.

1008m

bled frequency.

Construction

Because IC1 and IC2 are high-
frequency components, you
must be extremely careful to
prevent high-frequency oscilla-
tions if you build the circuit on
a breadboard. It is preferable to
use a PC board. A foil pattern is
provided here. Keep all wires
short and place the bypass ca-
pacitors as close to IC1 and IC2
as possible. A solid ground
plane on the component side of
the PC board is recommended,
and IC sockets are discouraged.
If you must use sockets, use ma-
chined-pin, open-frame sockets
only.

As can be seen from the parts-
placement diagram, the board
has locations for extra compo-
nents not related to the dou-
bling function discussed in this
article. The additional features
were included to allow the board
to be used with other Novatech
synthesizers.

The parts-placement diagram
is shown in Fig. 2. Install all the
components as shown, taking
care to observe polarity on di-
odes and capacitors. Square
pads indicate pin 1 of all ICs and
the positive leads of all polarized
capacitors.

All resistors specified for this
circuit (except R18) are Ys-watt,
1% metal-film types. Their small
size and tight tolerance im-
proves high-frequency perfor-
mance and circuit matching. If
resistors other than metal-film
are substituted, the perfor-
mance of the frequency doubler

0003 M2 |30 KHZ RES

FIG. 5—FREQUENCY SPECTRUM of the output signal in Fig. 4.
The fundamental frequency is about 40 dB down from the dou-



will be degraded. In particular,
its distortion will increase, and
its bandwidth will decrease.
As mentioned before, C3 and
C4 provide DC blocking. The
values specified allow operation
down to about 10 hertz. If you
intend to use this circuit ex-
clusively above 5 kilohertz, bet-
ter high-frequency performance
can be obtained by substituting
0.1 uF ceramic capacitors. The =~ COMPONENT
extra capacitors are included g;\[')rErEFF?r:L
with the kit for this purpose. ’
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Figure 3 shows the board.

Checkout

Verify that all components are

installed properly and that

there are no solder bridges. Ap-

ply power to the board as indi-

cated in Fig. 2 (plus and minus

5 volts DC, both = 0.25 volt).

Also connect a function gener-

ator set to approximately 1 volt

RMS to the signal input as

shown. Connect an oscilloscope

or frequency counter to the out- SOLDER

put pin (the center pin of J2). SIDE FOIL
Observe that the output is PATTERN.

double the frequency of the in-

putsignal as the input is varied.
The typical 3 dB point of the
doubler is greater than 30 megahertz at the output.
You can adjust the input to vary the output, but
with an input above about 1.5 volts RMS, the out-
put might be clipped.

The top trace in Fig. 4 is the output of the doubler
with a 1-megahertz, 1.5-volt peak-to-peak input
signal, shown at 200 millivolts per division. The
bottom trace is the input signal at 500 millivolts
per division. Figure 5 shows the frequency spec-
trum of the output signal in Fig. 4. The fundamen-
tal frequency is about 40 dB down from the doubled
frequency, the second harmonic is more than 65 dB
down, and the third is about 60 dB down. This
fundamental frequency feedthrough increases to
about —20 dB below the carrier as the output is
increased to 50 megahertz. Q
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IF YOU HAVE TOUCH-TONE TELE-
phone service, you can now put
a call on hold from any phone in
your house by plugging this
simple device into any tele-
phone jack. The universal hold
circuit works with any phone
that has a keypad with a # key.
To put a call on hold, press the #
key and hang the phone up. A
timer extends the #-key func-
tion while you hang up phones
that have a keypad built into the
handset.

The universal hold circuit
first detects the dual-tone,
multifrequency (DTMF) signal
that is generated when the #
key is pressed. It then activates
a circuit that partially loads
the telephone line so that the
central office thinks a
phone is still off-hook even
after it is hung up. The
hold circuit remains
active for five sec-
onds after the #
key is released, so the
key does not have to be held
down while the phone is being
hung up. When any phone is
again picked up, the hold func-
tion is canceled.

How it works

Figure 1 shows the schematic
diagram of the universal hold
circuit. The telephone line is
connected to the hold compo-
nents through bridge rectifier
BR1 so that the input is not po-
larity sensitive. The positive
side of the line is always con-
nected to Zener diode D2, and
the negative side of the line is
always connected to IC2. The
telephone line also connects to
tone-decoder IC4 through C4
and T1. Power is supplied to the

circuit by a 12-volt DC power.

adapter and by IC5, a 78L05 5-
volt regulator, and is filtered by
C2 and C3.

Optoisolator IC1 contains a
silicon-controlled rectifier
(SCR) that latches on after its
turned on by current flowing
through an optically coupled
LED within the IC. The SCR
continues to conduct even after
the LED current is removed,
providing that enough anode
current is available to sustain
it. When the SCR anode voltage
is removed and conduction

PUT
THAT
PHONE

HOLD!

Build a telephone
hold circuit that
works from any

phone in your
home—even
cordless!

FRANK MONTEGARI

stops, it will not resume until
the SCR is again triggered by
the internal LED.

When all phones on the line
are on-hook, the voltage across
the telephone line is about 48
volts. When a phone is taken off-
hook, it places aload on the line

and a current of about 20 milli-
amps flows through the phone,
which causes the line voltage to
drop to about 3 to 8 volts, de-
pending on the telephone. Cur-
rent also flows through circuits
at the central office, indicating
that a phone has been picked

A call is put on hold when all
phones are hung up and the
SCR in IC1 is triggered on by
circuits driving its LED. When
the SCR conducts, current
flows through BR1, D2,
LED1, IC1, IC2 and back
through BR1, placing a
load on the line that keeps
the central-office circuits ac-
tive. A 15-volt drop across D2, a
2-volt drop across D1, a 1.5-volt

‘1 drop across the LED in IC2, and
\, about a 1.5-volt drop across the

diodes in BRI result in the nor-
mal 48-volt line voltage being
clamped to about 20 volts. That
allows line current to flow, but
at a higher voltage than normal.
The LED lights to indicate that
a call is on hold. When a phone
is picked up and the line voltage
drops to 8 volts or less, there is
no longer enough voltage to
keep current flowing through
D2, D1 ICl1, IC2, and BRI, and
the hold function is canceled.

The telephone line also con-
nects through capacitor C4 and
transformer T1 to capacitor C8,
which couples the DTMF signal
to the input of IC4, a Motorola
MC145436 DTMF decoder used
to detect the #-key tone. Zener
diode D6 clamps IC4's input
voltage to 9.1 volts to prevent
damage from transients. The
decoder has four outputs that
produce a hexadecimal code
corresponding to the tones it re-
ceives when a key is pressed (see
Table 1). Notice that only when
the # key is pressed will pins 13
and 14 both go high (logic “17).
That is convenient, as the cir-
cuit has to monitor only two
outputs of IC4 to decode the #
key.

Decoding the outputs of IC4
pins 13 and 14 is done by a log-
ical AND circuit consisting of
two diodes, D4 and D5, whose
cathodes must both be high for
their anodes to be pulled high
by R5. That discharges Cl
through R4 into the positive
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FIG. 1—SCHEMATIC DIAGRAM of the universal hold circuit. The telephone line is
connected to the hold components through bridge rectifier BR1, so that the input is
not polarity sensitive.

TABLE 1—IC4 OUTPUTS

rent flowing long enough to
hang up the phone. The 5-sec-
ond duration is controlled by R7
and C7 and may be altered by
changing the value of R7.
Optoisolator IC2 has a tran-
sistor output. After the # key is

supply. When the # key is re- Key IC pin 13 IC pin 14 IC pin 1 IC pin 2
leased, pins 13 and 14 go low 1 0 0 0 1
again and a negative pulse is 2 0 0 1 0
produced by Cl and R4 at the 3 0 0 1 1
trigger input (pin 2) of 555 4 0 1 0 0
timer IC3. That starts IC3's tim- 5 0 1 0 (1)
ing cycle where pin 3 goes high g 0 } 1 ]
for about five seconds. That 5 (1) 0 0 0
drives current through R3 into g 1 0 0 1
the LED within [C1, latching 0 1 0 1 0
the internal SCR. The five-sec- . 1 0 1 1
ond output from IC3 keeps cur- # 1 1 0 0

D3

P sl d

! %_i%s** XTAL1
D4 D5 _Re-

pressed and the phone is hung ]J ) T+
up, telephone line current flow- ﬂ'1 R'S €3 Q| ic4 % 12-vOLT
ing through the LED in IC2 ‘(\ | } c3 POWER
turns its transistor on, which LED1 - T 08 t ADAPTER
resets timer [C3. — =0 f I

The reset function removes L1 + | C{’ 1
current from the LED inIC1 and BRY % c7|
allows a hold to be canceled im- — ™

. N : % codt,

mediately after initiating it _

without having to wait for the
five-second cycle to complete. R
The transistor within IC2 also
performs a power-on reset by g 2_paRTS-PLACEMENT DIAGRAM. Leave LEDY's leads long and bend them in an

having its base coupled through “S” shape so its position can be adjusted later to fit through a hole in the top of the
C5 to the positive supply. When  case.

04.——
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PARTS LIST

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

R1, R4—56,000 ohms

R2, R5—10,000 ohms

R3—56 ohms

R6, R7—1 megohmy ~

Capacitors

C1, C3—0.1 pF, 50 volts, metal film

C2—1000 pF, 16 volts, electrolytic

C4—0.1 pF, 250 volts, polyester

C5—1 pF, 50 volts, electrolytic

C6, C8—0.01 pF, 50 volts, metal
film

C7—4.7 uF, 35 volts, electrolytic

Semiconductors

IC1—H11C1 SCR optoisolator (Har-
ris or equiv.)

IC2—4N28 transistor optoisolator
(Harris or equiv)

IC3—555 timer

1C4—MC145436 (Motorola or
equiv.) or CD22204 (Harris or
equiv.) DTMF decoder

IC5—78L05 voltage regulator

BR1—DFO04 1-ampere, 400 volt,
DIP bridge rectifier (Allied Elec-
tronics or equiv)

D1—not used

D2—1N4744 Zener diode, 15-volts,
1 watt

D3-D5—1N914 silicon diode

D6—1N4739 Zener diode, 9.1 volts,
1 watt

LED1-—Ilight-emitting diode, any
color, T1-%

Other components

XTAL—3.579545 MHz crystal

T1—matching transformer, 600-
ohm primary, 600-ohm second-
ary (Jameco P/N 105902)

PL1—RJ11 modular plug attached
to telephone wire

Miscellaneous: three 6-pin IC
sockets, one 8-pin IC socket, one
14-pin IC socket, 120-volt AC to
12-volt DC, 100 milliamp, power
adapter, 2- x 3- x 1-inch plastic
project box (Jameco P/N 18921),
two cable ties, PC board, wire
solder

Note: The following items are
available from American Elec-
tromechanical Inc., 134 Van
Voorhis Terrace, Wappingers
Falls, NY 12590:
® Complete kit of parts includ-
ing PC board and pre-drilled
enclosure—$49.95
® Etched and drilled PC board
only—8$6.95

Check or money order, only. Add
$4.00 shipping and handling.
NY State residents must add
sales tax

| 2LEXNHD
d9THGHIIW @)

FIG. 3—THE COMPLETED PC BOARD. Point-to-point wiring will also work for this

project.

FIG. 4—THE BOARD FITS tightly in a 2-
x 3- x 1-inch plastic case, and is held
securely without any hardware.

power is turned off, C5 dis-
charges through D3.

Construction

Since this is a low-frequency
circuit, parts layout and wiring
are not at all critical, parts toler-
ances are not critical, and
equivalent types may be sub-
stituted.

The prototype was built on a
small PC board for which we've
provided a foil pattern. Point-to-

point wiring will work just as
well, however.

If the printed-circuit board is
used, use Fig. 2 as a guide to
install the parts. [t's always best
to use IC sockets for all ICs, al-
though they aren’t absolutely
necessary.

When installing LEDI1, leave
its leads long and bend them in
an S shapeso its position can be
adjusted later on to fit through a
hole in the top of the case. After
all parts are installed, plug the
ICs into their sockets. Keep in
mind that 1C4 is a CMOS device
that is sensitive to ESD or elec-
trostatic discharge. Figure 3
shows the completed PC board.

The author installed the
board ina2- X 3- X l-inch plas-
tic case (see Parts List), in
which the board fits perfectly
and is held securely without any
hardware. You are free to use
any case you like, but the in-
stallation details are up to you if
you decide to go that route.

Place a nylon tie around the
power leads and the telephone
wire to act as strain reliefs, or tie
knots in them to serve the same
purpose. Cut and file slots in
the edge of the case to pass the
wires through and drill a hole in
the top of the case directly above
where the LED will be once the
board is installed. Figure 4
shows how the board fits into

(Continued on page 110)



THE LIQUID-CRYSTAL DIS-
play (LCD) and the sin-
gle-chip analog-to-dig-
ital converter (ADC)
have made possible an
almost endless list of
battery-powered, hand-
held test instruments.
The most prominent of
these are the digital
multimeter (DMM) and
the digital panel meter
(DPM}, but others in-
clude digital capaci-
tance meters, ther-
mometers, timers,
sound-level meters, and
light meters.

The single chip ADC
eliminated a slew of dis-
crete components and
increased circuit re-
liability, while the LCD
presents large charac-
ters that are easily seen
in daylight. But of more
importance in battery-
powered instruments,
both of these compo-
nents are miserly in
power consumption.
This is especially impor-
tant for battery con-
servation.

Within recent years
the prices of single-chip
ADC ICs and large-
character LCDs have fallen, and
they are now readily available as
low-cost, off-the-shelf items
from electronics stores and dis-
tributors.

The digital thermometer de-
scribed here can be made from
an available kit or the parts can
be obtained from most elec-
tronics distributors. By build-
ing the thermometer, the build-
er will gain experience in
working with advanced ICs and
display modules, and at the
same time gain insight into cir-
cuitry common to many dif-
ferent instruments.

The digital thermometer can
make accurate, reliable, and re-
peatable temperature measure-
ments in the laboratoryorin the
field over a wide range of tem-
peratures. It will save money
over the price of a factory-built
instrument and, as a bonus, it
provides circuit board space for

SOLID STATE
THERMOMETER

NEL METER

LT T

Build an accurate, 3V2-digit,
handheld thermometer from
a kit or from scratch.

MARC SPIWAK

adding extra components for
experiments.

The basic digital ther-
mometer circuit displays tem-
perature in degrees Celsius to a
an accuracy of a tenth of a de-
gree on its 3%-digit LCD in half-
inch high characters. The PC
board can be purchased as part
of the kit or made with the foil
pattern included here. The elec-
tronic components are visible
on the top surface of the instru-
ment case, as shown in the il-
lustration of the meter.

How does it work?

Figure 1 is a schematic for the
digital thermometer. The key
semiconductor device in the cir-
cuit is IC1, an ICL7106CPL sin-
gle-chip analog-to-digital con-
verter from Harris Semiconduc-
tor. It is a 3'2-digit ADC with a
built-in LCD display driver,
BCD to seven-segment de-

coders, clock and volt-
age reference. The ADC
is packaged in a 40-pin
plastic DIP. In the digital
thermometer described
in this article, IC1 will
be set to display 200
millivolts full scale
(199.9), plus or minus.

The temperature sen-
sor for this digital ther-
mometer is an NPN
transistor modified to
act like a silicon diode.
The base of transistor
Q1 is short-circuited to
the collector, so it func-
tions as a diode. How-
ever, it has a response
curve that is more linear
over a wider tempera-
ture range than a diode.

Transistor Q1 pro-
vides a variable input
voltage to IC1. The volt-
age drop across the
effective diode, typically
about 0.7 volt, depends
on the temperature of
the diode’s junction and
the current flowing
through it. The voltage
drop is nearly linear,
and will typically vary by
2.2 millivolts per degree
Celsius.

A silicon diode has a
negative temperature coeffi-
cient. Thus, in this application,
as the temperature rises, volt-
age falls, and as the tempera-
ture falls the voltage rises. For
example, if the ambient temper-
ature rises by 2° Celsius, the
voltage drop across the diode
will decrease by about 4.4 milli-
volts. This linear voltage drop is
measured to determine temper-
ature.

The kit for the digital ther-
mometer includes two tran-
sistors (@1 and Q2) identified as
BC-547s (but marked C547B).
Pin identification is shown in
Fig. 1. However, more readily
available, industry-standard
2N2222 transistors can be sub-
stituted, although they have dif-
ferent pinout arrangements.
Refer to the instructions given
later if you want to make this
substitution.

Trimmer potentiometers R9

8 966 | NOOEANVH S, HIINIWIHILXT SOINOHLIIT]
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FIG. 1—SOLID-STATE THERMOMETER SCHEMATIC. The ICL7106 contains an analog-
to-digital converter, BCD to 7-segment decoders, display drivers, a clock, and a
reference voltage source.

£ B e st L et

and the display temperature
must increment in degrees Cel-
sius. The multiturn potentiom-
eters permit precise settings.

Because IC1 can also indicate
the polarity of the input voltage,
the digital thermometer is the-
oretically capable of displaying
temperature measurements
from —200 to +200 degrees
Celsius. However, the transistor
used as a temperature sensor
and its leads could be damaged
by those temperature extremes.

The digital thermometer is
effectively a solid-state volt-
meter that could be adapted for
making other measurements
such as voltage, current, power,
light level, and sound intensity,
and more. If the output of the
sensor for the variable you want
to measure can be scaled be-
tween O and 200 millivolts, the
circuit presented here can dis-
play that variable in appropriate
standard units with little or no
circuit modification.
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FIG. 2—PARTS-PLACEMENT DIAGRAM. IC1 is located beneath
the liquid-crystal display module.
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THERMOMETER FOIL PATTERN.

(zero control) and R10 (scALE
control) can be set to zero the
meter and make scale adjust-

ments in the input voltage to
IC1. A display of 00.0 must cor-
respond to zero degrees Celsius

The PC board for this project
contains a small space where
additional components can be
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FIG. 3—THERMAL PROBE. The base and collector leads of transistor Q1 are bent
together and soldered near the transistor’s base and a two-conductor cable is at-

tached.

PARTS LIST

All resistors are Y:-watt, 1%, unless
otherwise noted.

R1, R2—1 megohm

R3—22,000 ohms

R4—47,000 ohms

R5-R7--100,000 ochms

R8—220,000 ochms
R9, R10—100,000 ohms, potentiome-
ter 10-turn PCB

Capacitors

C1—100 pF, polyester

C2—0.22 uF, polyester

C3—0.01 uF, polyester

C4—0.1 uF, polyester

C5--0.47 pF, polyester

Semiconductors

IC1— ICL7106CPL ADC, Harris or
equiv.

Q1, Q2—BC547 NPN transistor (or
2N2222, see text and Fig. 5)

Other components

St1—slide switch, SPST, PCB-mount

DISP1—VI-302-DP-RC LCD module,
3Y-digit, 40-pin package, Varitronix
or equivalent)

Miscellaneous: PC board; three 40-pin
IC sockets (see text); five machined
pin sockets (optional); insulated
hookup wire, 9-volt battery, battery
clip with wires, project case with
cover; miscellaneous hardware; sol-
der.

Note: A kit for the digital ther-
mometer (No. 6002-KT) can be pur-
chased for $29.95 plus $4.00 for
shipping and handling from Marlin
P. Jones & Associates, Inc., P.O.
Box 12685, Lake Park, FL
33403-0685, Phone: 407-848-8236,
Fax: 407-844-8764.Florida resi-
dents please add local sales tax.

located and powered to perform
experiments and make other
kinds of measurements.

Figure 2 is the parts place-
ment diagram for this meter.
The circuit could be wired
point-to-point, but that would
call for a lot of wiring, especially
in the display section. Con-
sequently, the use of a PC board
is recommended.

Insert all leaded components
and sockets, and solder them in
place on the solder side of the
board. Insert resistor R1 and
trimmer potentiometer R10 in
individual machined pin sock-
ets (two for R1 and three for
R10) if you might want to re-
place those components with
others having different values
for different applications.

However, if you have no inten-
tion of experimenting with the
finished meter, solder all re-
sistors directly to the board. If
you intend to substitute
2N2222 transistors, insert Q2
with its flat side opposite that
shown in Fig. 2. More instruc-
tions on the substitution of
2N2222s will be given later.

Notice that analog-to-digital
converter, IC1, is located under
the LCD display, DISP1. When
IC1 is installed, mount the LCD
directly above it while orienting
it to the opposite polarity (the
notches are on opposite sides of
the board). First install a socket
for IC1. Then cut two 40-pin
sockets apart along their long
axes to provide four single in-
line (SIP) sockets. Insert one SIP
socket within another to form
two double-height SIP sockets.

These will leave enough “head-
room” for positioning IC1.

Solder the two double-deck
SIP sockets to the board for
DISP1, as shown in Fig. 2, and
then install IC1. Then insert
DISP1 in the double-height SIP
sockets. This arrangement
makes it easy to remove DISP1
by leaving the upper socket
strips attached to the LCD and
prying them away from the two
lower socket strips that are sol-
dered to the board. CAUTION:
Do not attempt to remove the
LCD from the upper sockets be-
cause the display pins can
bend, and the glass body can
break.

Cutascrap of tinned lead wire
to form jumper “J,” insert and
solder it. If you buy the digital
thermometer kit, a case is in-
cluded. The PC board fits se-
curely in the top of the case to
form a cover. Therefore, the in-
side the case provides enough
space for the 9-volt battery. Sol-
der the battery clip leads to the
solder side of the board at the
points shown in Fig. 2.

Refer to Fig. 3 and short-cir-
cuit QI's baselead to its collector
lead near the body of the tran-
sistor by bending them together
and soldering them. Slip short
lengths of heat shrinkable tub-
ing over each input end of a two-
conductor cable. Solder the two
shorted transistor leads to the
positive sensor input wire and

 @DIY PANEL METER gy
gheakauRbbERLLy :

T

FIG. 4—THE TEMPERATURE-SENSING
transistor can be located on the PC
board, but leads must be attached for
calibration.
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FIG. 5—THE CIRCUIT CAN BE MODIFIED as shown here to display part of the Fahren-
heit scale in addition to the Celsius scale. Alternative 2N2222 transistors are installed

as shown.

the emitter lead to the negative
input wire.

Slip a short length of heat-
shrinkable tubing on both leads
and pull it over the end of the
transistor to form an outer pro-
tective jacket, as shown in Fig.
3. Heat the tubing so that it
forms a tight shrink fit around
both the end of the transistor
and the cable.

Standard insulated hookup
wire leads are suitable for the
temperature probe up to about
6 inches long. However, if the
probe is to be mounted on leads
longer than 6 inches, use thin
shielded cable.

The temperature probe can
also be mounted on the PC
board directly with leads sol-
dered to the *+ " and “ — " probe
inputs. This arrangement will,
however, make thermometer
calibration more difficult. If you
elect this option, temporarily at-
tach the probe to the board with
leads for calibration and mount
it permanently to the board af-
terward. Figure 4 shows the
completed digital thermometer.

FIG. 6—MODIFIED THERMOMETER can
display the full Celsius range and Fahr-
enheit from about 60° to about 80°.

Modifying the meter

As mentioned earlier, a small
area on the PC board is set aside
to accommodate components
for experiments. We added two
more potentiometers and a
4PDT switch to the circuit so
the digital thermometer could
be calibrated in Fahrenheit as

well as Celsius degrees. Those
modifications are shown in Fig,.
5. The same figure also gives de-
tails for installing the alter-
native 2N2222 transistors,
should you decide to substitute
them.

Our tests showed that the
meter's response is not perfectly
linear for the Fahrenheit scale,
and it is impossible to calibrate
it at the boiling point of water
because 212° cannot be dis-
played on the 3'.-digit display.
However, the response was lin-
ear enough for the display to
give an accurate Fahrenheit
reading from about 60 to 80°
the range in which most tem-
perature readings are likely to
be taken.

Calibrating the meter

Carefully inspect the circuit
board for soldering errors and
correct them before proceeding.
If the board passes visual in-
spection, connect a 9-volt bat-
tery to it and switch on power.
Thedisplay will either indicatea
“1" or some other reading. If the
display shows a *1,” adjust po-
tentiometers R9 and R10 to ob-
tain a reading other than a “1.”

Fill a container with ice cubes
and add a small amount of
water. Turn on the digital ther-
mometer and submerge its tem-
perature probe in the ice water,
holding it in close contact with
an ice cube. Wait until the dis-
play stabilizes and then adjust
ZERO control potentiometer R9
until the display reads 00.0.

Boil water in a kettle and care-
fully hold the probe over the ket-
tle spout in the steam with
tongs to prevent accidentally
scalding yourself. When the dis-
play reading stabilizes, adjust
SCALE control potentiometer
R10 until the display reads 100.
If you have access to a digital
multimeter with a temperature
probe that is known to be cali-
brated, compare readings and
adjust trimmers R9 and R10
more precisely.

If you added the Fahrenheit
potentiometers, as shown in
Fig. 5, calibrate the Fahrenheit
scale next, bearing in mind the
limitations discussed earlier. It
is recommended that the tem-

(Continued on page 109)




Home-
brew

Mo
@
lati =
solation | o

Transformer

Buils this inexpensive transformer
to protect yourself—and your test equipment—
while you service and repair electronic appliances.

EVERYONE WHO REGULARLY SER-
vices television sets really
should have an isolation trans-
former. One side of the chassis
of most line-powered TV re-
ceivers and tube-type radios is
connected directly to the AC
line. Therefore, servicing this
electronic equipment can be
very dangerous because the
chassis can be “hot.” An isola-
tion transformer isolates the
chassis of the equipment being
serviced from the AC line. This
article explains how to build an
isolation transformer for a frac-
tion of the price of a commercial
product. It will even supply
more current than most com-
mercial units.

The heart of this project is the
transformer. The author ob-
tained the two transformers re-
quired from two discarded
microwave ovens. Buying a new
transformer for this project will
not save you much money over
buying a commercial isolation
transformer because the trans-
former required can cost more
than $150. For example, B&K
Precision sells an isolation
transformer for $189.00. Al-
though electronics distributor
Mouser Electronics sells one for
$63.50, it will supply only 2.17
amperes, or about 250 watts.
Even this modest price is al-
most three times what our com-
plete project will cost!

DOYLE WHISENANT

Operation

Figure 1 is the schematic for
the isolation transformer. Fuse-
protected AC line power is first
applied to power switch SI.
When Sl is closed, neon power
indicator NEI lights up, and
power is applied to a cooling fan
and to standby switch S2. This
arrangement allows trans-
former power to be turned off,
while permitting the fan to con-
tinue cooling the transformer.

Neon standby indicator NE2
is wired across switch S2 so
that it lights when S2 is open.
When S2 is closed, power is ap-
plied to the primary side of 1:1
isolation transformer T1. The
secondary side of T1 supplies
isolated AC power to receptacle
SOl. Neon indicator NE3 lights
when power is applied to the re-
ceptacle SOL1.

The isolation transformer will
supply 1000 watts for short pe-

riods of time, and 500 watts or
less continuously. However, it
will run too hot if 500 watts is
exceeded for more than about
half an hour.

The transformer for this proj-
ect was made from the windings
of two microwave-oven transfor-
mers. Microwave ovens have
heavy-duty transformers (see
Fig. 2) that consist of three
windings: a 120-volt AC input
coil, a 2000- to 3000-volt AC
output coil, and a 3- to 5-volt AC
coil that serves as the filament
winding for the oven’s magne-
tron. The magnetron is the vac-
uum tube that produces the
microwave energy for the oven.

The filament winding is easily
identified; it consists of three to
five single turns of 12- or 13-
gauge enamel-covered wire.
This winding is usually wound
directly over the 120-volt AC
winding which is wound from
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FIG. 1—ISOLATION TRANSFORMER SCHEMATIC. Switch S2 allows power to the
transformer to be turned off while the fan continues to cool the transformer.

& 9661 YOOBANVH S,HILNIWIHIAXT SOINOHLDIT]



£ ELECTRONICS EXPERIMENTER'S HANDBOOK 1996

approximately the same size
wire as the filament, but it has
more turns. The high-voltage
winding, which will be dis-
carded for this project, consists
of many turns of much smaller
gauge wire.

The microwave oven’s fan or
blower that cools the magne-
tron is also needed for this proj-
ect. The transformer will run
warm under load, and the oven
fan is an economical way to
keep it cool. None of the other
parts (see the Parts List), while
commonly available, will be
found in a microwave oven.

Modifying the transformer

Locate two surplus or dis-
carded microwave ovens that
are identical, or as similar as
possible. As stated earlier, the
transformers from two ovens
are needed to build the isolation
transformer. These transfor-
mers usually remain in good
working condition. As an alter-
native, two surplus transfor-
mers might be easier for you to
obtain than two scrap micro-
wave ovens.

The pencil in Fig. 2 points to
one of the welds that must be
removed from the microwave-
oven transformer. With a hand-
held grinder, very carefully
grind away the welds on both
sides of the transformer and
separate the top core from the
base. Figure 3 shows a trans-
former that has been dis-
assembled. Remove the wind-
ings from the core, being careful
not to disturb the insulation on
the windings. Discard the high-
voltage windings.

The 120-volt AC input coils
from the two transformers will
be used to make the isolation
transformer. Place both 120-volt
coils back on the core of one of
the transformers to form a 1:1
isolation transformer. Do not
disturb the insulation on the
windings when reinstalling
them on the core. Place the
windings very close to one an-
other to ensure satisfactory
transformer coupling. Some
transformers have spacers be-
tween the coils and the core (see
Fig. 4) that must be replaced in
the correct locations.

Once the windings are cor-

FIG. 2—THE TRANSFORMER for this project was made from two discarded micro-

wave-oven transformers.

FIG. 3—DISASSEMBLED TRANSFORMER. Remove the windings from the trans-
former core, being careful not to disturb the insulation on the windings. Discard the

high-voltage windings.

rectly positioned back on the
core, reinstall the base of the
transformer. To do this, weld
the base back onto the trans-
former. If you have access to an
electric welder and know how to
use it, do this yourself. Other-
wise, take the transformer to a
welding shop and let a skilled
welder do the job for you. Re-
gardless of who does the weld-
ing, make sure that the trans-
former core does not get too hot
and that sparks from the welder
don’tburn the insulation on the
coils.

Check the completed trans-
former with an ohmmeter to
make sure that there are no
short circuits to the core and
from coil to coil. Test the trans-
former by connecting a volt-
meter to the leads of one coil
designated as the output coil.
Connect the leads from the

other coil to an AC line cord
through a 5-ampere fuse. Insu-
late all exposed connections.
Power up the transformer
just long enough to get a read-
ing on the voltmeter. Record the
output reading, disconnect the
AC power, and reverse the input
and output coil connections.
Repeat the procedure and check
the output voltage again. Deter-
mine which output coil voltage
measures closest to 120-volts
AC; it will be the output side.
The prototype transformer had
a lower voltage reading in one
direction than in the other.

Construction

This project requires a sturdy
metal case that measures ap-
proximately 14- X 7- X 9-inches
to hold both the fan and the
transformer, and still have room
for all connections.



This project consists of only a
few parts, so point-to-point wir-
ing can be used throughout.
Figure 5 shows the inside of the
prototype unit. Test fit the fan
and the transformer before dril-
ling any holes in the case. The
fan should be mounted so that
its air stream is directed at the
transformer. Once the correct
positions are determined for the
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fan and transformer, mark the
locations and drill the mount-
ing holes, but don't mount any-
thing yet.

If you purchase the case spec-
ified in the Parts List, you will
find that many of the necessary
holes are already punched out.
Otherwise, prepare the en-
closure by drilling a hole and
mounting the line cord to the
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FIG. —SOME TRANSFORMERS have spacers between their coils and the core.
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FIG. 5—POINT-TO-POINT WIRING is used throughout this project.
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PARTS LIST

T1—Modified microwave oven
transformer (see text)

F1—5-ampere fuse and panel-
mount fuse holder

S§1, S2—SPST 15-ampere toggle
switch

NE1-NE3—120-voit AC neon in-
dicator lamp kY

SO1—Standard duplex AC recep-
tacle :

Metal case (Mendleson Elec-
tronics, 1-800-344-4465, Part No.
160-1782F or other sultable en-
closure), grounded AC line cord,
cooling fan from old microwave
oven (see text), 14- to 16-gauge

“wire, terminal blocks, solderless
connectors, wire ties, hardware

back of the enclosure. Prepare
the front of the enclosure by
drilling holes to mount the neon
indicators, NE1, NE2, and NE3.
Then drill holes for switches S1
and S2. The prototype unit has
two large holes punched in each
end to allow the fan to draw in
cool air and exhaust hot air.
Place a screen over those holes
to prevent debris from being
drawn inside the unit. Prepare
an opening for the duplex recep-
tacle on the front panel with a
nibbling tool.

Once all the metal working on
the enclosure is complete, it can
be painted. Next label the en-
closure; the labels can be pro-
tected with clear spray enamel.

When the enclosure is com-
pletely dry, the transformer and
fan can be mounted. Start with
the transformer, mounting it to
the base of the enclosure with
rubber washers to reduce vibra-
tion. Mount the fan in the direc-
tion so that the cooling air flow
will be blowing over the trans-
former. Next install the fuse
holder, the line cord, the three
neon indicators, switches Sl
and S2, and the duplex recepta-
cle SO1.

The isolation transformer can
produce several amperes of cur-
rent, so use 14- to 16-gauge wire
for all connections to and from
the transformer. However,
smaller gauge wire can be used
for connecting the fan and neon
indicators.

Refer to the schematic di-
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