COLLECTORS PREMIER EDITION

From the Publishers of

Radio- Elecrronrcs
s On $2.95 CANADA
E hc tm K s 48784

THE MAGAZINE FOR THE ELECTRONICS ACTIVIST!

$2.50 US.
SUMMER 1984

Build the

DUAL POWER SUPPLY [
Tips on

DESIGNING SUPPLIES

Complete plans for

AUDIO BOOSTER AMP
ELECTRONIC CROSSOVER
DIGITAL AUTOTACH

Plus
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Decibels—Clearing up an often-misunderstood and important subject

Designing Power Supplies—Understanding engineering design basics helps
you pinpoint power supply requirements

CONSTRUCTION PROJECTS

Dual Power Supply—This bench-top project goes down to zero volts without
loss of DC regulation
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Tone Ringer—This pleasant tone device replaces the telephone bell

Quick CPO—Learn code or improve your speed with this handy CPO
Upgrade RAM Disc—Improve your Radio Shack Model 4

Resistor Bank—Save time finding precisely the right resistance value
Breakout Box—Straighten out the RS-232 confusion, instantly
Alculator—How much can you safely imbibe without becoming intoxicated?

Hex/BCD Switches—Mechancial slide switches that give 4-bit binary outputs in
DIP packages for PC board mounting

2PB/ECL—A foolproof, electronic combination lock you can build
Audio Booster Amp—Where's the beef? This booster does the work for you

Electronic Crossover Circuit—BIFET and hybrid IC’'s make biamping
economically feasible

Digital AutoTach—The handiest mechanic's tool after the screwdriver

Auto-Temp—Indoor temperature, outdoor temperature and time. Automatically
and without throwing a switch.

Happy Birthday, Hugo Gernsback—it has been 100 years

SPECIAL COLUMNS

Jensen on DX’ing—Reference books to make the hobby easier
Friedman on Computers—That confusing RS-232 connector
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Calling all Hams—Tips on dipoles

Testbench Tips—Share them with us and earn $20!
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HANDS-ON ELECTRONICS

N

TOLL FREE ORDERS « 1-800-826-5432
(IN CALIFORNIA: 1-800-258-6666)

INFORMATION + (213) 380-8000

L.E.D.’S
STANDARD JUMBO
DIFFUSED

10 FOR $1.50
GREEN 10 FOR $2.00
YELLOW 10 FOR $2.00

FLASHER LED
5 VOLT OPERATION
M4 "RED JUMBO SIZE |
ﬂ $1.00 EACH
RED 10 FOR $1.00
200 FOR $18 00

BIPOLAR LED
GREEN 10 FOR $1.50

RED

2 FOR $170
SUB MINI LED

079" = 098

4., 13VDC RELAY

CONTACT SPNC
= 10 AMP @ 120 VAC
= ENERGIZE COIL TO

Y OPEN CONTACT .
COIL 13 VDC 650 OHMS
SPECIAL PRICE $1.00 EACH

KEY ASSEMBLY
S .5 KEY
£ "l’é $1.00
= EACH
CONTAINS 5 SINGLE-POLE
NORMALLY OPEN SWITCHES
MEASURES 3 3/4” LONG
6 KEY
$1.25
. EACH
CONTAINS 6 SINGLE-POLE
NORMALLY OPEN SWITCHES

& S
& SEND FORS3

COMPUTER
GRADE

2,000 mfd. 200 VDC

60 VDC s2.50 L
13/8° DIA = 4 1/4" HIGH
22,000 mtd. 15 VDC
2" DA
22,000 mid. 40 VDC
2" DIA » 6 HIGH $3.00
24,000 mtd. 30 VDC

72,000 mfd. 15 VDC
2" DIA « 4" HIGH $3.50
180,000 mid. at 6V

EDGE MEASURES 4 1/4” LONG
CONNECTORS  [=SHE"MINIATURE
A i D TYPE

22/44 CONNECTOR

s200 ExcH tororsisoo | SEEEELT

28/56 TEHme

156 CONT/

$2.50 EACH

50/100 gg (7)3
$1.50
$2.75
$3.50

EACH $1.25
MULTI-SWITCHES

5 STATION INTERLOCKING
3-2PDT AND 2 - 6PDT SWITCHES ON FULLY
/ INTERLOCKING ASSEMBLY 3's” BETWEEN
MOUNTING CENTERS ~ $2.50 EACH

5 STATION NON-INTERLOCKING
SAME AS ABOVE. EXCEPT EACH SWITCH
OPERATES INDEPENDENTLY $2.50 EACH

CAPACITORS

13/4'DIA - 5 HIGH 52.0:

3,600 mid. -
40VDC  $1.00

13/8° DIA » 3" HIGH

6,400 mtd.

= 2 1727 HIGH $2.00

1 34" DIA * 4 HIGH $3.50
31,000 mtd. 15 VDC
1 374" DIA = 4 HIGH $2.50

21/2° DIA x4 1/2" HIGH $1.50

CLAMPS TO FIT CAPACITORS 50¢ oa.

Z 48 PAGE CATALOG

SOLDERING
IRON STAND

SPRING STEEL %&If
IRON HOLDER ﬁz./’”’
N
=23 P
ON WEIGHTED BASE
$5.00 EACH

WALL
TRANSFORMER

@ ALL ARE 115 VAC
PLUG IN

4 VDC at 70 MA $2.50
9 VOC st 225 MA $3.00
16.5 VAC at 10 VA $3.50
17 VAC at 500 MA $4.00

10 FOR $7 00 "[_

|
1L

LSS N U

|l
5,8

® QUANTITIES LIMITED

® MINIMUM ORDER $10.00

® USA: 5250 SHIPPING
NOCOD! L

MINIATURE TOGGLE SWITCHES
ALL ARE RATED 5 AMPS @ 125 VAC

S.P.D.T. S.P.D.T. S.P.D.T.

(on-on) (on-on) (on-off-on)
PC STYLE SOLDERA LUG SOLDER
NON-THREADED TERAMINALS ?sr:mNALLl;G
BUSHING oy $1.00EACH [ $1.00 EACH
75¢ EACH 7§ 10 FOR $9.00 Ap 10 FOR $9.00 '#

100 FOR $80

S.P.D.T. tomon) [ DPOT.
(on-off-on) (on-on)
gogt-YHgEAUED YNREADEb .- SOLDER LUC [~
USHIN 3 BUSHING =2 TERMINALS &
PC STYLE wl s100eack 8= s200eacH |
75¢ EACH vt toforssoed UT 10Fom s1900 U%
10 FOR $700 100 FOR $80 00 100 FOR $180 00

100 FOR $80 00

CSICORTE;

905 S. VERMONT » P.O. BOX 20406 +» LOS ANGELES, CA 90006

NG
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The Magazine for people who build electronic projects

HANDS-ON ELECTRONICS....that's the new
name for Special Projects magazine.

The editorial staff decided to change the name of America’s only
electronics project magazine for a very good reason! The old title just
didn't say electronics. Plus, we wanted the title to be more explicit—we
wanted the new reader, who'd see the cover for the first time on the
newsstand, to know that this is the magazine he should reach for! There
are countless electronics experimenters and project builders working at
their test benches in attics, basements, and nooks about the house who
are seeking a magazine just like Hands-on Electronics—but who did
not realize that the magazine's old title was aimed at them. We are
confident that the new title will do the job!

Additionally, our many readers during the past two years have told us of
a void in their electronics hobby activities. Many have asked for columns
and extended coverage in subject areas like shortwave listening, Ama-
teur Radio, computers for beginners, and many other topics. We have
responded to those requests, as we will to others in the future, where we
believe that an added service is being provided, and that the basic
premise of the magazine—project building—is supplemented by such
specialized coverage.

Increasing the number of readers will give the editors of Hands-on
Electronics the opportunity to receive many more project plans for
review and eventual publication. The better our published projects are,
the better we can serve you. And, as our supply of articles increases, we
would be in a better position to publish Hands-on Electronics six times
a year—a 50% bonus to our readers.!

Qﬁa/f Do e

Julian S. Martin, KA2GUN
Editor

Hands-on Electronics, (ISSN 0743-2968) published quarterly by Gemsback Publications, Inc., 200 Park Avenue South, New
York, NY 10003. Phone 212-777-6400. Four-issue subscription rate is $10.00 — U.S. funds only. Canada subscribers add
$3.00 for postage. All others add $7.00. Mail all subscription orders, address changes, correspondence and Postmaster
Notices of undelivered oozpies (Form 3579) Hands-on Electronics, Subscription Dept., P.O. Box 338, Mount Morris, IL 61054.
U.S. single-copy price $2.50. ® 1984 by Gemsback Publications, Inc. All rights reserved. Printed in U.S.A.

A stamped self-addressed envelope must accompany all submitted manuscripts and-or artwork or photographs if their return
is desired should they be rejected. We disclaim any responsibility for the loss or damage of manuscripts and/or artwork or
photographs while in our possession or otherwise.

As a service to readers, Special Projects publishes available plans or inf ion relating to r thy products, techniques
and scientific and technological developments. Because of possible variances in the quality and condition of materials and
workmanship used by readers, Special Projects disclaims any responsibility for the safe and proper functioning of reader-built
projects based upon or from plans or information published in this magazine.
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Snap-on Microphone Transmitter ,
A miniature snap-on microphone trans- |
mitter, no larger than a disposable
cigarette lighter, has been introduced by
Audio-Technica. ‘
The Model AT8550 transmitter plugs
into any microphone, dynamic or elec- l
tret, having a professional-type 3-pin con-

" [
CIRCLE 722 ON ‘
FREE INFORMATION CARD l

nector. It transmits through any FM
receiver within a radius of up to 300 feet
outdoors or up to 30 feet indoors. Al-
though the transmitter is pre-tuned to a
frequency of 100 MHz, it is screwdriver-
adjustable to transmit at any frequency
between 88 and 108 MHz.

The unit has application in situations
where a person must talk while walking

about or gesturing, unencumbered by |

trailing cables. Some applications include
schools, churches, outdoor field trips, or-
ganization meeting halls, or auctions.
The AT8550 measures .79 inches in
diameter by 2.9-inches long and weighs
1.4 ounces. The transmitter is powered by
a small mercury cell similar to those used
in hearing aids. It features an on-off
switch and a quick-disconnect lock re-
lease. A flexible 32)-inch antenna trails
from the bottom end of the device. The
nationally advertised price of the Model
AT8550 is $34.95. For more information,
write Audio-Technica U. S. Inc., 1221
Commerce Drive, Stow, OH 44224,

SHOWER

Component Tracer

The Heathkit troubleshooting test in-
strument, the IT-2232 Component Tracer,
allows a user to test individual compo-
nents or entire circuits without the need of
circuit power. On a 3-inch CRT, the Tracer
displays the electrical characteristics of a

CIRCLE 730 ON
Y FREE INFORMATION CARD

| component or a circuit under test. Dual
displays allow comparisons between good
and suspect devices for quick, easy and
reliable checks. Two voltage ranges are
provided for varying test situations and are
current limited to protect the circuit or
component under test.

(Continued on page 6)

NORTH AMERICAN SOAR corporation
PEN-STYLE DIGITAL MULTIMETER

$49.00

MODEL 3100
GREAT PRICE

SPECIFICATIONS:
Display: LCD 3% digits
Range: Auto ranging
Polerity: AL no ir for
Indication: MBS t or -1 indication
Data Hold: Data hotd in all ranges with hold switch on
Low Battery "8’ mark
Sampling: 2 Times/second

ing of 1999

Power Supply: SR-44 battery (1 55V) X2
Power Consumption; 5 5Smw

Size: 6"x1'%" LWH (less probe tips) includes »" and 2 probes
Add $2.50 For Shipping
STOCKING DISTRIBUTOR

Hand Held LCD Display - Fast One Hand Operation ) YEA

inuity beeper built-in

polanty. minus sign for negative polarity

layed when battery drops below operating voltage

| MICROWAVE TV ANTENNA SYSTEMS

L D 4 AO c

+ KCS s5arass
(Nl CORPORATION

SEMICONDUCTOR PARTS AND PRODUCTS

P.0. BOX 34772 (602) 967-6972

PHOENIX, AZ 85067

Call or Write for FREE
Semiconductor Parts & Products Catalog

CIRCLE 718 ON FREE INFORMATION CARD
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HANDS-ON ELECTRONICS
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| NEW PRODUCTS
| (Continued from page 3)

The 1T-2232 Component Tracer fea-
tures two separate inputs that can be view-
ed as individual traces or together in a
superimposed display. One channel is
seen as a solid line, while the second is
converted into a unique dotted-line dis-
play. In the A/B mode of operation, the
superimposed solid- and dotted-line
traces allow the user to compare good and

suspect units. Any differences in elec-
trical characteristics are clearly identified
providing a visual check of the condition
of a circuit.

The IT-2232 is a self-contained unit that
offers means to service many types of
components and circuits, especially digi-
tal and microprocessor-based products. It
produces triangular signals that are ampli-
fied and passed through attenuators. The
attenuators provide selectable test volt-
ages of 50 volts peak-to-peak or 5 volts
peak-to-peak at the two test jacks. When

4

VIEW 8 TRACES ON YOUR SINGLE
OR DUAL TRACE SCOPE WITH THIS
LOW COST DEVICE!!

Now you no longer have to spend
thousands on an expensive multi-
trace oscilloscope - our single trace
Hitachi scope combined with this
module will allow you to view up to 8

simultaneously occuring analog or
digital (or both) signals in their real
time and amplitude relationship. The
MPX 101 may be used on any osgil-
loscope, whether single, dual or mul-
tiple traces. Its low cost makes it a
particular favorite for designers, test-
ers, hobbyists and repairmen who
want to compare and analyze dis-
played si?‘nals in a timing dia?ram
format. The controls on the front
panel of the metal case allow you to
vary amplitude and spacing of the

SPECIFICATIONS

displayed signals.

MODEL MPXi01
FULLY ASSEMBLED & TESTED!

399_8_

— Made In The United States -

Inputs: 8 signals plus ground via 9

150 mV/step @ 5V Input

input leads terminated with alliga-
tor clips

Bandwidth: + 1dB to 5§ MHz

Impedance: 10.9 K

Input Voltage: + 5V peak (diode
clamped to £+ 5 Volt supplies)

Output: Staircase waveform summed
with input signals, 0-800 mV
full scale

Step Amplitude: Variable 0 to 150
mV/ step

Signal Voltage: Variable 0 to

Muitiplex Rate: Switch selectable, 40
KHz or 4 KHz

Impedance: 50 Ohms

Power: 105-135 VAC @ 1 Va

Dimensions: 6.25" x 3.25" x
4.75" (WxHxD)

Operating Temperature: 0-40°C

Weight: 1 Ib. 10.5 oz.

Warranty: one year full replacement
warranty from date of purchase

Lighted on/off power switch

Wood grain finished metal case

DISTRIBUTOR AND REPRESENTATIVE INQUIRIES INVITED

E.W.ENGINEERING, INC.

VISA, MASTERCARD, AMEX TELEPHONE ORDERS ACCEPTED!
6 Herman Drive, E. Granby, CT 06026 O 203/651-0285

CIRCLE 714 ON FREE INFORMATION CARD
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NEW PRODUCTS |

the Tracer is connected to a circuit or
component, the triangular voltage wave-
form is changed by a resulting loading
effect. The result is a visual display of the
dynamic condition of the component or
circuit under test.

The [T-2232 Component Tracer oper-
ates on 120/240 VAC at 50/60 Hz at 22
watts. Two sets of color-coded test leads

are supplied. The unit measures 4- high
x 10- wide X 12¥:-inch deep and weighs |

nearly all cars). Suggested retail price
range is $399.00 to $449.00. For addi-
tional information, contact Concord Sys-
tems Inc., 6025 Yolanda Ave., Tarzana,
CA 91356.

Functional Amps

The Mini-Master Series V Models
AM251A and AM252A are mixer/power
amplifiers at 10-watts and 20-watts out-
put, each in an economical, compact 3%
x 8Ys-inch package. Each amplifier has
two inputs, one fixed high level (music),

one microphone, capable of high-Z un-
balanced, low-Z unbalanced, or low-Z
balanced by adding the TF40l trans-
former and tone control to adjust the high
frequency signals up to 15 dB. Mini-mas-
ter amplifiers are truly professional and
functional in appearance, being desk or
rack mountable. They are versatile and
easy to operate, with all controls conve-
| niently located on the front panel and all
connections made to the rear panel. Due
to the compact half-rack width design two

(Continued on page 11)

8.4 pounds.

More information about the 1T-2232
Component Tracer, and other quality test
instruments, can be found in Heathkit's
free catalog. Write to Heath Company,
Dept. 150-305, Benton Harbor, MI
49022. In Canada, write to Heath Compa-
ny, 1020 Islington Ave., Dept. 3100,
Toronto, Ontario, M8Z 5Z3, Free cata-
logs are also available at 65 Heathkit Elec-
tronic Centers in the U.S. and Canada.

FM Noise Reduction In Car Stereo |
Concord’s new HPL-520 tuner/ampli-
fier/tape deck with 4-gang FM digital |
synthesized quartz tuner, features FNR, a
new, noise-reduction system that reduces
multi-path interference and other FM

CIRCLE 720 ON
FREE INFORMATION CARD

noise problems inherent in high-sen-
sitivity automotive radios. Audiophiles
know that a highly sensitive, wide-band
receiver will pick up more FM multi-path l
|

|
|
|
l

interference when the vehicle moves from
| one type of reception area to another.
Now, without sacrificing maximum FM |
sensitivity and wide-band reception ofl
| strong signals, the operator can greatly |
reduce FM interference of weak signals '
by engaging the FNR switch on the Con-
cord HRL-520 receiver.

The Concord HPL-520 also features |
LCD, liquid-crystal display readouts,
Dolby B and C, low-level, front-back
fader, 6 AM- and 6 FM-preset stations, |
autoscan tuning, 2 pairs of line output l
connectors, matched-phase tape head,
metal-tape equalization, DC servo tape |
drive motor, illuminated switches, and
cassette door. . &

The HPL-520 power output: 25-watts |
per channel maximum, 12-watts-per-
channel high-fidelity rating from |
20-20,000 Hz into 4 ohms with less than ‘
0.8% THD. Only 4 ¥%-inch deep (fits

A QUALITY TRIPLE-REGULATED
POWER SUPPLY AT A LOW,

LOW PRICE!!

NOT A
KIT!

This DC triple regulated variable power supply
has all the features you cou!d ask for plus a full 1
year guarantee. Fully adjustable from 1% VOC to
35 VDC! Three completely independent supplies
that offer many advantages’' They can be eithera

pos. supply or a neg. supply...they can also be
stacked in series 8o that a 5V and two 15V sup-
plies can total a 35 VDC supply or any combina-
tion of the three...(after one of the terminals is
grounded to give it areference)...for the firsttime
you can now purchase this American made fully
adjustable power supply at a price that is one-
half of what you'd expect to pay!

MODEL PS101
FULLY ASSEMBLED & TESTED!

FULL 1
YEAR
REPLACE-
MENT
WARRANTY

- Made In The United States —

SPECIFICATIONS
3 outputs:
Fixed § VOC £ 0.2V
2 variable £1% V to 2156 VDC
Polarity - floating; can be used as pos. or neg.

Ripple less than 10mV at full load,
Regulation < 1% no load to full load,

Line Regulation <0.2% 108 VAC to 135 VAC.
Current:

Fixed supply 1.0 amp max.
Variable supplies 0.5 amp max.

Protection built in, current limiting, with
thermal shutdown.

Power: 108-135 VAC.

Dimensions: 8%" x 3%" x 7%" (WxHxD)

Wood grain finished metal case.

Weight: 4 Ibs,, 9 ozs.

Lighted on/off power switch, easy-to-read
Voltmeter and large binding posts.

Warranty: one year full replacement
warranty from date of purchase.

DISTRIBUTOR AND REPRESENTATIVE INQUIRIES INVITED

==

E.W.ENGINEERING, INC.

VISA, MASTERCARD, AMEX TELEPHONE ORDERS ACCEPTED!
6 Herman Drive, E. Granby, CT 06026 O 203/651-0285

CIRCLE 715 ON FREE INFORMATION CARD
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SPECIAL REPRINT

BUILD A BACKYARD SATELLITE TV RECEIVER

Don’t miss out again!

Send away today for your 36-page
booklet containing a complete reprint
of all seven articles in the series on
Backyard Satellite TV Receivers by
Robert B. Cooper Jr.

This all-inclusive report gives you all
the data you need to build your own
Backyard Satellite TV Receiver.

B TELLS ALL ABOUT domestic satel-
lite communications, with full details
on how you can pull those elusive TV
signals from space.

@ LEGAL REQUIREMENTS, techni-
cal specifications, and how you, the

home constructor, can meet them.
Find out what mechanical and elec-
tronics skills you need.

@ RECEIVER CHARACTERISTICS,
technical details and specifications,
along with examples of actual re-
ceivers built at comparatively low
cost.

B ANTENNA DESIGN... and ex-
actly how you can build a spherical
antenna, while keeping total earth-
station cost for the complete system
under $1,000.

® THE FRONT END is critical when
you build your own system. We help
you explore several different ap-

proaches to making one that will
work for you.

B RECEIVER-SYSTEM hardware, and
how it goes together to bring you di-
rect-from-satellite TV reception in
your own home.

To order your copy:

Complete coupon and enclose it with
your check or money order for $7.00,
plus $1.00 for postage and handling.
We will ship your reprint within 6
weeks of receipt of your order. All
others add $4.00 for postage. New
York State residents must add 58¢
sales tax.

lwant
dling & Postage.
I have enclosed $
add sales tax.

Please print

Satellite TV Reprints
45 East 17th Street
New York, N.Y. 10003

(Name)

reprints @ $7.00 each, plus $1. Han- (5, i address)

. N.Y. State residents must

(City)

(State) (Zip)
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The Giant Book of Easy-
to-Build Electronic
Projects ‘
by the Editors of
Elementary Electronics
Here's a text packed with
unique and useful electronic |
devices that you can build
in only a few hours time ,
and from readily available. |
low-cost components!

Detailed illustrations, clear
schematics. printed-circuit
board templates and easy-
to-follow parts lists make
construction a snap! The
project lineup includes very
simple circuits for first-time
project builders. as well as
exciting. state-of-the-art
devices for more
experienced hobbyists!

Here's a peek at what |
you can build from the
plans: A smart power
supply that automatically {
keeps tabs on current and
voltage levels: backyard
weather observatory using a
make-it-yourself electronic
rain gauge to measure
precipitation, and a touch-
and-dim light controller in ‘
your home that you can {
build yourself with just two
IC’s and a handtul of low-
cost components!

All of the projects
contained in the text were ’

acquired and prepared for
publication to some degree

by the Editor of Hands-on
Electronics. who was
formally the Editor-in-Chief
of Elementary Electronics
magazine.

Tab Books Inc.. Blue
Ridge Summit. PA 17214,
Paperback. 346 pages.
$13.50.

Crash Course In
Microcomputers
by Louis E. Frenzel, Jr.

The revised Second
Edition of Crash Course in
Microcomputers is one of
the most popular books on
microcomputers. Because
of its unique. highly
palatable format and its
relevant content. Crash
Course in Microcomputers
can give you a tast, but
thorough introduction. to
the exciting world of uP’s.

CRASH COURSE IN
MICROCOMPUTERS

So many microcomputer
books tell you more than
you really want or need to
know. The Crash Course
tells you what you need to
know in an efficient and
interesting manner.

In response to reader
teedback on the First
Edition, as well as recent
development and important
technological changes. the
Second Edition of the text
has been extensively revised
and updated. All chapters
have been edited to reflect

|

|

—

~ READING ADDS TO YOUR BASIC KNOWLEDGE !

|

|

the latest technical
developments and new-
product introductions.
Further. several new
chapters have been added.
expanding the coverage of
BASIC programming 16-bit
microprocessors. and
applications. Unit-14 is a
new chapter that picks up
where Unit 13 on BASIC
programming leaves off. It
introduces new statements
and commands plus usetul
programming techniques for
those who want to learn to
write their own programs.
Howard W. Sams & Co.,
Inc. 4300 West 62nd Street.
Indianapolis, 1D 46268.
Soft cover with plastic-ring
binding. 318 pages. $21.95.

Learning TRS-80 Model

4/4P BASIC

by David A. Lien l
There are 50 big reasons

why Learning TRS-80

Model 4/4P BASIC is the '

book that you buy right

after you acquire the

TRS-80 Model 4—because

there are 50 chapters that }

teach you how to use the

many capabilities of your

new computer. Each chapter ‘

is in a small bite of
knowledge so that you
won't choke during the
learning process. Questions

at the end of each chapter
permit the reader to review
the ground covered. A |
section is provided with
some user BASIC
programs, some of which |
are novel.

CompuSoft Publishing, a
Division of CompuSoft,
Inc.. 535 Broadway. El [
Cajon. CA 92021.
Paperback. 483 pages.
SI1.95. '

Broadcast Listener’s ‘
Bible '

It has been a good many
moons since White's Radio
Log has been published.
And. now that it has, pick
up your copy soon. for the
supply is less than ample.
That all inclusive up-to-date
directory of North
American AM, FM, and
TV stations is the oldest l
publication of its kind. It

started back in 1924 when
Charles DeWitt White
published his first radio log
book. Mr. White had it easy
in those days. There were
only a few stations on the
air—about 700 and all were
AM types. In the early |
issues. White listed stations
three times. by call-sign.
frequency and location. The
practice continues till today
with bonuses of FM and

$861 HIWWNS
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BUILD YOUR OWN COMPUTER!!

68000 BASED MULTI-BUS COMPATIBLE KIT

4 BOARD SET INCLUDES:

1 6 SLOT MOTHER BOARD

1 CPU CARD

1 | Owith UPD 765 FLOPPY CONTROLLER
1 128K RAM CARD

SCHEMATICS PARTS LIST& ASSEMBLY DRAWINGS

KT 1001 COMPUTER KIT ( FLATBOARDS ONLY ) $189.99
KT 1004 COMPUTER KIT ( UNTESTED BOARDS POPULATED ) $899.99
KT 1002 COMPUTER KIT { DOCUMENTATION ONLY ) $ 35.00
KT 1003 PAL FOR RAM BOARD $ 16.99
KT 1005 CP/M FOR KIT { INCLUDES BIOS ) $ 350.00

WE CARRY A COMPLETE LINE
OF ELECTRONIC COMPONEN
SEND FOR A FREE CATALOG 4oL

NICORN ELECTRONICS

10010 CANOGA AVE. UNIT B 8
CHATSWORTH CALIF 91311
(818} 341 8833

CIRCLE 716 ON FREE INFORMATION CARD

Assembly From RCA VFT—250 VCR

BOOKSHELF
TV stations making the list.
Talking about a bonus, in
recent times, worldwide
shortwave broadcast-station
listings were included.
Although not complete—
that's near impossible—the
shortwave stations listed are
those that can be heard in
North America. Thus, in
one issue, several hobby
groups are provided with a
reference work that cannot
be purchased anywhere else
in one volume at so low a
price. You can obtain you
copy of White's Radio Log
by writing to Worldwide
Publications, Inc., P.O.
Box 5206, North Branch,
NJ 08876. The price is
$4.95 and include 50 cents
for postage on orders of one
to ten copies. New Jersey
residents add sales tax.

The Future of Videotext
by Efrem Sigel

Since 1970, such
companies as AT&T, CBS,
and Time, Inc. have
invested hundreds of
millions of dollars on
research in video
technology. Will
videotext—a service in
which words, numbers, and
pictures appear on a TV
screen at the touch of a
button—revolutionize
communication on a global

THE FUTURE OF

potential (and persistent
problems) of video
technology. It suggests
clear and original solutions
that could make videotext
as popular as the telephone.

Prentice-Hall, Inc.,
Englewood Cliffs, NJ
07632. Paperback, 195
pages, $9.95.

The Acorn BBC Micro—
an Expert Guide
by Mike James

The amazing Acorn/BBC
microcomputer is exploding
into American schools and
homes—and no wonder! Its
special 6502 chip produces
a super-speedy memory, a

huge ROM storage capacity,
a vivid video display, a
music synthesizer...and so
much more. But you don’t
have to be an expert to
make the most of that
expert design. Now the text
gives you an in-depth, yet
easy-to-understand,
introduction to the
computer’s advanced
hardware and software
features. So you can really
go nuts with your Acorn!
The Expert Guide gives
you an inside view of how

$17.50 $18.50 BsoTHFOR $29.95

RF Modulator — CH 3/4 Out — Crystal Control 9 VB+ and
UHF/VHF Varactor Tuner with Demodulation Board

the machine works,
‘ including an explanation of

AMNEC UHF VARACTOR
TUNER - EPU 202

A 890 PUSH-ON MATCHING
TRANSFORMER 75—300 Ohm

o
%i,\\,; ; $12.95ea. | 10/$7.00
,/ ing. for Qty. 10 Lot Only

PRICES EXPIRE OCTOBER 31, 1984

ccessory P.0. BOX 486
R HAWTHORNE, CA 90250
)pecialties  rrone: 213 3241973

WE ACCEPT MONEY ORDER, VISA, MASTERCARD

PERSONAL CHECK ORDERS HELD 20 DAYS. NO COD

ADD $3.50 for Shipping and Handling. CA Residents ADD 6%% TAX
SHIPPED VIA UPS

HANDS-ON ELECTRONICS
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scale? Will it become a
commercial success? Or
will it prove too expensive
and difficult to use for all
but the most specialized
purposes? The Future of
Videotext addresses those
and other issues so that
you—the business person
or consumer—will know
about the possible impact of
videotext on daily life. That
up-to-the-minute survey
examines the enormous

its operating system and the
types of interfacing you can
use with it. By revealing
the sophisticated quirks of
its graphics- and sound-
generating systems, it
teaches you how to tap their
maximum potential. It
introduces you to the two
levels of programming
language you'll need to run
the machine: BBC BASIC
and BBC assembly
language.

Prentice-Hall, Inc.,
Englewood Cliffs, New
Jersey 07632. Paperback,
158 pages, $14.95. [ |




NEW PRODUCTS

(Continued from page 7}

Mini-master amplifiers may be mounted
side-by-side in only one rack space. Level l
and tone controls are available with exteri- |
or knobs or screwdriver adjustable con-

CIRCLE 728 ON 1
FREE INFORMATION CARD

trols. Microphone and mute connections
are on screw terminals as is the output
connector. Music (high level) input uses
phono jack. Output impedance is 4 and 8
ohms, 25 and 70 volts, with output over- |
load protection both electronic and ther-

mal. The Model AM2SIA is priced at

$190.00 and the Model AM252A at |
$215.00. For additional information,
write Tape-Athon, 502 S. Isis Ave., P. O.
Box 6814, Inglewood, CA 90312-6814.

30-Channel Programmable Scanner

Regency Electronics, Inc. now offers a
selection from more than 15,000 frequen-
cies in six bands in a 30-channel program-
mable scanner. Its American technology
incorporates a novel memory-backup sys- |
tem that needs no batteries, yet maintains |
its programming for up to a week during
power outage or storage. The Regency |
D310 30-Channel Programmable Scanner
is available for $249.95 (suggested US
resale) at participating Regency Elec- !
tronics dealers. '

CIRCLE 723 ON
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The Regency D310 requires no added
crystals, yet covers six bands: low and
high VHF (30-50 and 148-174 MHz),
UHF (450-470 MHz), UHF “T”(470-512
MHz) and two FM Ham bands (144-148
and 440-450 MHz). Programming its 30 |

channels is simplified by plain-language
prompts that appear on its display to iden-
tify the action in process or required next.

A search feature automatically
searches through every frequency (stop-
ping every 5 KHz on VHF, every 12.5
KHz on UHF) until it finds one that’s
active. Scan delay holds the channels
open for approximately two seconds at the
end of a transmission. to wait for any
reply; without scan delay, scanning re-
sumes in about six-tenths of a second.

The D310's design features a slanted
keyboard, rotary on-off/volume and
squelch controls and a highly-legible fluo-
rescent digital display. Its audio amplifier
delivers one watt, and a jack for an exter-
nal speaker is provided. It includes a tele-
scoping antenna that has been elec-
tronically optimized for each band, and an
antenna jack is provided for using an op-
tional external antenna.

Dual built-in power supplies permit
plug-in AC operation at home or 12-VDC
operation in a vehicle (where not pro-
hibited by law). The D310 is UL listed and
FCC certified (Part 15, Subpart C). It mea-
sures 104 W x 314 H X 7 inches D. For
additional information contact Regency
Electronics, Inc. 7707 Records St., Indi-
anapolis, IN 46226-9989; (317)545-428l.

Professional Microphone

Crown International’s Model 12 SP mi-
crophone offers studio quality in
recording, sound reinforcement, broad-
casting and electronic news gathering for

A
« R
CIRCLE 725 ON
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the experienced professional. The 12 SP is
phantom powered by a supply providing
18 to 48 volts. It features a transformer
balanced, low-impedence output avail-
able at an integral 3-pin connector; wide,
smooth frequency response with high-fre-
quency emphasis for brilliance; low noise
and high overload level (150 dB-SPL); a
hemispherical pickup pattern; high sen-
sitivity and excellent reach for clear pick-
up of distant sounds.

In operation, the ruggedly constructed
12 SP can be placed on a surface such as a
floor, table, or lectern; used as a hand-
held microphone; or affixed to a surface
near a sound source such as the underside
of a raised grand piano lid. Suggested
retail price is $245.00. Get all the facts
direct from Crown International. 1718
West Mishawaka Road, Elkhart, IN 46517
USA:; tel. 219/294-5571.

(Continued on page 12)

|

FREE TOOL CATALOG
OVER 5,000 TOOLS IN STOCK!

The new 1984 catalog is packed with over 5,000
hard-to-find technical supplies for assembling,
testing, and repairing electronic equipment. Pro-
ducts include precision hand tools, test instru-
ments, tool kits, soldering supplies, plus a new, full
selection of static protection and contamination
control products — plus much more. Contains
color photos, detailed descriptions and pricing. An
excellent buying guide for engineers, technicians
and researchers.

All products are easy to order by phone and mail,
ready for shipment within 24 hours of receipt of
order. 100% satisfaction guarantee with all our
products. Call or write today for your free catalog.

contact east
7 Cypress Drive, Burlington, MA 01803
(617) 272-5051

——
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HIGH QUALITY ©75dB GAIN

MICROWAVE
TV SYSTEM

Varible from 1.9 to 2.5 GHz
The latest advance
in microwave
technology with a
SNOW-FREE
PICTURE.
Two Models to choose from
Both Models Include:
@ 20" Parabolic Dish
e Pre-assembled Probe
with Down Converter
o Power Supply and Coax Switch
® 60’ of RG-59/U Coax with Connector
© Transformer for 75 to 300 Ohms
e All Mounting Hardware for Fast and
Easy Installation

20" Fiberglass Dish
Up to 55dB Gain Up to 55dB Gain
Special 39895 Low Priced 39895

Add 10% for Foreign orders or U.S. Parcel Post
High Gain Yagi Antenna with Down Converter and $8995
Power Supply. Complete System, Ready to Use.
Refundabile with first

20" Aluminum Dish

Chaecks, allow 2-5 weoks 10 clear)

PROFESSIONAL VIDEO, Inc.

4670 Hollywood Bivd., Hollywood, Calif. 90027

For C.0.D. Orders Call (213) 219-0227
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ELECTRONIC
COMPONENTS,

ST

MANUFACTURERS OF QUALITY
ELECTRONIC COMPONENTS

e BATTERY CLIPS & HOLDERS
o CABLE SETS o« CONNECTORS o CAPACITORS
@ DISPLAYS o LEDs o FUSES o JACKS & PLUGS
o KNOBS o LAMPS ¢ POTENTIOMETERS
¢ RF COILS o RELAYS @ RESISTORS
® SWITCHES o SEMICONDUCTORS o SPEAKERS
o TEST EQUIPMENT o TRANSFORMERS o TOOLS
o WIRE & CABLE
OVER 15,000 DIFFERENT ITEMS IN STOCK!

® Soles ond Order Desk
Open from 6:00e m {PST)

STERMS. COD. Ve
MastorCherge
(Open Accounts Avedehis)

MOUSER ELECTRONICS

11433 WOODSIDE AVE. SANTEE CA 92071
PHONE (619) 449-2222 TWX 910 - 331- 1175

¢ Phone ond Mol
Orders Welcoms

» Catologs Mailed
Outside USA
Send $2.00
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BeanFCC
LICENSED

ELECTRONIC TECHNICIAN!

=
Earnup to §
$600 a week
and more!

# Learn at home in spare time.
i No previous experience needed.

Frioewy . 4 ==

No costly School. No commuting to class. The Original
Home-Study course that prepares you for the FCC
Radiotelephone license exam in your spare time! An
FCC Government license is your “ticket™ to thousands
of exciting jobs in Communications, Radio & TV,
Mobile two-way. Microwave. Computers, Radar, Aero-
space and more. You don't need a college degree to
qualify, but you do need an FCC License. No need to
quit your job or go to school! You learn how to pass
the FCC License exam at home at your own pace with
this easy-to-understand, proven course. It's easy, fast

and low cost! GUARANTEED PASS - You get your 1

FCC License or money refunded. Write for free details.
Soon you could be on your way to being one of the
highest workers in the electronics field. Send for FREE
facts now. MAIL COUPON TODAY!

(oo~ =—-=scccccsccccc=ca=
1

commanp PRODUCTIONS

FCC LICENSE TRAINING, Dept. 127

P.O. Box 2223, San Francisco, CA 94126

Rush FREE facts on how | can get my FCC License
in spare time. No obligation. No salesman will call.

]
1
]
1
1 NaME
1
]
L

ADDRESS
CITy STATE_____ZIP__

—

I |

NEW PRODUCTS

(Continued from page 1)

Cordless Phones

Cordless telephones. Model FCT-246.
Model FCT-266. and Model FCT-346
(shown in photo) all feature circuitry that
provides security against unauthorized

CIRCLE 736 ON
FREE INFORMATION CARD

use. and eliminates interference and false
ringing. The three models also feature se-
lectable guardtone frequencies and a
handset that operates at the maximum
range allowed by the Federal Communi-
cations Commission. up to 1500 feet.

Model FCT-246 features a 3-position
sentry switch, touch-button dialing. last-
number redial. and paging from the base
to the handset. It is priced at $129.95.

Model FCT-266 adds selectable pulse
or tone dialing to provide access to long-
distance networks. such as MCI, SprinT,
etc. It is priced at $149.95.

Model FCT-346 features continuous
monitor digital-security coding to guard
against unauthorized use and false ring-
ing, and a range selector for choosing
normal or extended range. Pulse or tone
dialing allows for access to long-distance
networks, and two-way intercom between
the cordless handset, and a conventional
handset plugged into the base is featured.
Write direct to Fanon. 15300 San Fernan-
do Mission Blvd, Mission Hills, CA
91345.

Contact Burnishers

The P-4 and P-6 Contact Burnishers are
pocket-pen type burnisher/cleaners for

CIRCLE 731 ON
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the communications. telephone. and elec- |
tronics industries. They are designed for
all-type contacts: silver, platinum. gold.
palladium. tungsten. molybdenum, and
all other precious-metal contacts. The
burnishers are light, and the flexibility of
the blades can be adjusted by varying their
depth in the chuck.

The burnishers are non-residual, leav-
ing no grit or dust on the contact. Their
insulated caps permit working on ljve con-
tacts. They have interchangeable blades
made of stainless steel. with an abrasive
coating of aluminum oxide that insures
minimum contact wear.

The burnishers are 5% inches in length,
¥-inch in diameter, and are available in
two types. The P-6 pen has 12 blades 3.16-
inches wide, 1% inches long, and .007
inch thick for tine contacts and relays. The
P-4 pen also has 12 blades. and is Ys-inch-
wide, 1¥-inches long. and .007-inch
thick for industrial contacts and relays.
Both are priced at $5.70 each--Jonard In-
dustries Corp.. Precision Tools Division,
134 Marbledale Road. Tuckahoe, NY
10707.

Multimeter !

The B&K Precision Multimeter, Model
2804. is a 3-12-digit auto/manual. hand-
held digital multimeter featuring 0.7%-
volt DC accuracy: diode test: audible-con-
tinuity check. and 10-amp current range.
DC-voltage ranges are .200. 2.0. 20. 200.
and 1000. VAC voltage ranges are 2, 20, ‘
200 and 750. Input impedance is 10

CIRCLE 732 ON
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Megohms. Resistance ranges are 200
Kilohms. 2000 Kilohms and 20
Megohms. DC and AC current ranges are
200 mA and 10A.

The diode test measures the forward
voltage drop of a semiconductor junction
at 0.6 mA. continuity checks are done
through audible tones. Model 2804 is |
priced at $60.00. includes two AA bat-
teries. and an instruction manual. Contact
B&K-Precision Dynascan Corporation.
6460 West Cortland Street. Chicago. IL
60635. |
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(IBASED ON OUR MAIL, YOU READERS
have a case of wherejas!

But it’s nothing to worry about: it's per-
tectly natural. In fact, it's one of the rea-
sons ['m here every issue. to try to give
you a hand with some of your questions
| about DX listening, most of which begin
with the wherejas.

Taking more pains with my pronuncia-
tion. it should come out as *“where do
you,” as in. “Where do you get this or
that bit of information.™

There are lots of questions. And you
find the answers in reference sources that
you may want to add to your hobby li-
brary.

For the shortwave listener. one all-
around. useful. information source is the
World Radio TV Handbook. It is a volume
s0 basic that SWL's refer to it as the /is-

many SWL's. is published annually. and
its 38th edition was published this year.

It is a 600-page comprehensive listing.
country-by-country. of stations. frequen-
cies. times. languages. leading person-
| — ,

tener's bible. WRTH. as it is known to |

alities and addresses. There also is dataon |
international medium and long wave sta-
tions, plus FM and TV information.
WRTH also has special feature articles.
perhaps the most useful of which deal
with reviews of shortwave radio receivers.

There are a number of sources for the |
current WRTH. One that we've found to |
be reliable is Gilfer Associates Inc.. P.O.
Box 239. Park Ridge. NJ 07656. It sells
for $17.50. plus $1.50 shipping and han-
dling.

QSLs—cards and letters of verifiction
sent by many shortwave stations in re-
sponse to listener’s reports of reception—
are fun to collect. They are tangible evi-
dence of one’s loggings. But. to send a
report to a station, you have to know the
address. Sure. often they 're announced by
stations seeking listener mail. But many
times you miss the address. or the station
doesn’t announce it. What then? One
source of station addresses for shortwave
broadcasters is the WRTH.

Another source is the QSL Address
Book. which also gives some handy tips |

|
. |
BOB ZANOTTI's voice is widely known to shortwave listeners
around the world. You can hear Bob on the Swiss Shortwave

= —

'
-

Merry-Go-Round DX program on the second and fourth Saturdays
of the month on Swiss Radio International.

Reference Books That Make Hobbying Easier

on how to get those verification replies.
The book contains data on more than 950
stations from 180-plus countries. It also is
available from Gilfer Associates for
$6.95. plus $1.50 shipping and handling.

The radio scene is rapidly changing. |

Schedules and frequencies change with
the season and. in fact, often even more
frequently. Thus, a good list of stations,
frequencies. and schedules is a must for
SWLs. So. here we go with a few nifties!

Radio Database International. P.O.
Box 300. Penn’s Park. PA 18943, has an
attractive graphic presentation that shows
at a glance such useful bits of information
about shortwave stations as frequency,
languages used. schedule times. transmit-
ter powers, target areas, etc.

On the market now is a RD! Tropical
Bands Edition. which covers the lower
shortwave frequencies up to about 5.600
kHz. It is available postpaid for $3.95.

Scheduled for release during the sum-
mer was a new Radio Database Interna-
tional volume covering the remainder of
the shortwave spectrum. above 5,700
kHz. As a bonus. it was to contain the
receiver reviews of Larry Magne, well-
known to readers of the WRTH and to
listeners to Radio Canada International’s
Shortwave Listeners Digest program. The
new RDI volume. as of this writing, was
scheduled to sell for $9.95. plus $1.85
postage and handling.

Interested only in English language SW
programs? Dan Ferguson, P.O. Box 8452,
South Charleston WV 25303, issues a
computer-compiled Guide to English
Shornvave Broadcasts six times a year, for

$3 per issue. or $15 for a yearly subscrip- |

tion.

For general background information,
there are a number of data sources. One |
can recommend as a quick, easily under-
stood overview of the hobby and SW is the
Electra Shortwave Booklet. It has the ad-
vantage of being in summary form (just
eight pages). and it is free! Write to Elec-
tra Shortwave Booklet, 300 East County
Line Road. Cumberiand. IN 46229.

A fuller explanation on many aspects of
(Continued on page 97)

861 H3IWWNS

-t
w



HANDS-ON ELECTRONICS

-
&

CONVERTERS
DESCRAMBLERS

Largest Selection
of Equipment Available
$ Buy Warehouse Direct & Save $

36 channel
converter

$4595

36 channel

wired remote

converter
only

$8895

Send $2 for complete catalog
of converters and unscramblers

Quantity Discounts ® Visa ® Master Charge
Add 5% shipping — *Aich. residents add 4% sales tax

C&D Electronics, Inc.
P.O. Box 21, Jenison, MI 49428
(616) 669-2440

NEW PRODUCT

COAX STRIPPER, No. 70374, has a holding-
ring design that allows the user to strip coax
cable with minimum effort. With one’s finger in
the holding ring, one simply inserts the wire
and rotates the tool. It is designed to strip
cleanly all of the five most popular sizes of

CIRCLE 733 ON FREE INFORMATION CARD

coax cable; RG-6, RG-8, RG-9, RG-174, and
RG-182. The stripping blades can be ad-
justed easily for different cutting depths to
meet the user's specifications, and the tool
can be set to perform both two- and three-
level strips. A 2-bladed replacement blade

| cassette for the stripper is available. The No.

70374 is priced at $45.90 — Vaco Products
Company, 1510 Skokie Blvd., Northbrook, IL
60062.

EQUALIZER/ANALYZER, the modet dbx
10 20, enables automatic equalization to be

| achieved individually for left and right chan-

nels, orin combination, with the accuracy that
only a computer can provide. It can analyze

CIRCLE 734 ON FREE INFORMATION CARD

as many as 10 locations within a room and
then automatically adjust equalization for fiat
response. The proper equalization setting
within a room can be accomplished in sec-
onds, automatically and accurately.

Digitally controlied, the model dbx 10/20,
with its calibrated microphone and built-in
pink-noise generator, can automatically
“voice” a room and store as well as recall the
equalization settings. Its real-time analyzer
function, which also serves as a sound-level
meter, provides information on the music en-
ergy in each frequency band. A display of 275
LED's shows the functioning of the real-time
analyzer by providing an instantaneous read-
out of musical content in each frequency
band. It can also display any equalization
curve stored in memory.

The model dbx 10/20 has a suggested retail
price of $1200.00.—dbx Incorporated, 71
Chapel Street, Newton, MA 02195.

TEMPERATURE INDICATORS offer precise,
positive, visual proof that a specific tempera-
ture has been exceeded, particularly in inac-

cessible, hazardous areas. When applied to
any piece of equipment, the one-shot, irrever-
sible indicators record and document operat-
ing temperatures: The sensitive white triangle
turns irreversibly black when the surface tem-
perature reaches the particular triangle’s tem-
perature level.

CIRCLE 735 ON FREE INFORMATION CARD

They are available in three configurations:
CelsiStrip, 5 or 8 multiple-sequenced tem- |
perature increments, printed in C° and F°;
CelsiDot labels, single temperature dots in 40
different temperature levels, printed in C° and
F°; and CelsiPoint labels, single temperature
dots in 40 various temperature levels from
40°C to 260°C (105°F to 500°F). |

The labels are self-adhesive and adhere to
any dry surface. They measure 0.3 mm thick.

The temperature indicators are available in
bookiets, each with identical rated labels, and 1
can cost less than 10 cents each in large
quantities.—Solder Absorbing Technol-
ogy, a Spirig Company, South End Bridge
Circle, Agawam, MA 01001. \

POWER SUPPLY, model PS-101, is triple-
regulated and is designed for the hobbyist,
student, and lab technician. it features three ‘
completely independent supplies. Those

CIRCLE 737 ON FREE INFORMATION CARD

power supplies can be either positive or |
negative; they can be stacked in series so that
a 5-volt and two 15-volt supplies can total 35-
volts DC, or any combination of the three,
resulting in a fully adjustable 0- to 35-volt DC |
power supply. f
The model PS-101 has a suggested retail
price of $119.00.—E.W. Engineering, Inc., |
PO Box 624, Old Lyme, CT 06371. |
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After Footprint

| am learning much about satellite
communications, but every so often | run
up against a technical term | don’t know
about, and no one can tell me for sure
what it is. | know what footprint (please,
no jokes) is, but what is boresight point?
E. N, Salina, KA

Who jokes about these things? The
strength of a downlink signal can be
measured on the surface of the earth |

(thats where the big dishes are) and
plotted. Such a diagram is called a
footprint. Ideally, that footprint would be
a series of concentric circles had the
transponder been beamed straight
down on a perfectly spherical surface.
However, the satellite’s antenna is
shaped so that most of the power radi-
ated will fall on a selected land area
(thats where the big dishes are) on the
North American continent. The center of
that foolprint pattern is where the power
received from the satellite is maximum,
and that is called the boresight point. In
the ideal case described above, the
boresight point would be in the center of
those circles. The footprint is positioned
over a maximum population area (thats

where the big dishes are) to serve the
largest possible audience (that's where
the most money is).

Hearing Saved

My kids are rock fans, and always
have the music blasting. Threats, pleas,
all were to no avail until | built the Sound
Pressure Monitor described in your last
issue. | explained it to them, showed
them the “Danger” chart, and took the
unit into their room the next time they
had the music up. It made an impres-
sion, because now it was an objective,
mechanical object telling them to turn
the sound down—Not just good ol’ Dad!
it worked, too. Now I'd like to know how

(Continued on page 20)

Some Silent Chuckles

by Cork, Frejac, Redding, Isler & Townsend
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Digi-Slot—armiess bandit for home play
Deskiop Antennas for Shortwave Listeners
Digital Capacitance Meter—from 1 pF to 9999 uF

eats

Subscribe Today!

B IF YOU'RE THE KIND OF READER
that doesn’t want to wait, you can order
your next copy of Special Projects now.
Special Projects is crammed full of
electronic projects that you won't be
able to wait to build for yourself. You can
expect top-notch digital projects, fun-to-
play electronic games, valuable add-on
computer projects, BCB and shortwave
receivers, photographic/darkroom
gadgets, devices to improve your car's
performance, test equipment ideas, and
more in every jam-packed issue of
Special Projects.

B TO HELP YOU TO BE SURE that
you don't miss any future issues of
Special Projects—SUBSCRIPTIONS
ARE NOW AVAILABLE!

@ YOU CAN HAVE THE NEXT FOUR
ISSUES of Special Projects delivered
directly to your home for only$10.00We
pay the postage. If you want the next
eight issues, you can even save a dollar
off the newsstand price. Get eight issues
for $18.00.

LOOK FOR OUR
NEW NAME!

HANDS-ON
ELECTRONICS

FORMERLY
SPECIAL PROJECTS

Get every issue!

SUBSCRIBE
TODAY!

Use the order
form below.

B EVERY ISSUE OF SPECIAL PRO-
JECTS will continue to contain a variety
of construction articles to suit every
taste. In addition, feature articles on
electronics fundamentals, test equip-
ment and tools will round out each issue.
Of course, we will continue to provide
new product and literature listings to
keep you up to date on the latest de-
velopments in electronic technology.

B GET IN ON THE ACTION! Order
your next issue of Special Projects to-
day. Use the convenient order coupon
below.

other countries add

Fo=————-

CASH WITH ORDER ONLY
Allow 6-8 weeks for the first issue 1o arrive

ASP10

i Detach and mail today to: T
Spe_C|a| SPECIAL PROJECTS
Projects el e el Prease prnt
SUBSCRIPTION  vounT MORRIS. IL 61054
[ 1want to be sure | don't miss any issues. Send me the next four issues of {Name)
Hands-on Electronics fOr $10.00: starting with # 2. Postage is free in U.S. For
Canada add $3.00. Foreign add
LJ lwantto be_ sure I don't miss any issues and want to save $2.00 toq Send {Street Address)
me the next eight issues Of Hands-on Electronics for $18.00 : starting with # 2.
Postage is free in U.S. For Canada add $6.00. Foreign add $14.00.
J Send me copies Of Hands-on Electronics # 2 at $2.50 plus $1.00
postage and handling for U.S., Canada and Mexico. U.S. funds only. All iCiy)

(State) (21p)
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Now NRI takes

you inside the new

TRS-80 Model 4 microcomputer with
disk drive to train you at home as the
new breed of computer specialist!

NRI teams up with Radio Shack
advanced technology to teach

you how to use, and
service state-of-the-art
microcomputers...

It's no longer enough to
be just a programmer or a tech
nician. With microcomputers
moving into the fabric of our
lives (over 1 million of the
TRS-80™ alone have been
sold), interdisciplinary
skills are demanded. And
NRI can prepare you with
the first course of its kind, covering the
complete world of the microcomputer.

Learn At Home

In Your Spare Time

With NRI training, the pro-
grammer gains practical knowledge
of hardware, enabling him to design
simpler, more effective programs. And,
with advanced programming skills, the
technician can test and debug systems

Now training includes either the TRS-80 Model 4
Microcomputer with Disk Drive or TRS-80 Color
Computer with Computer Access Card; profies-
sional LCD muitimeter; the NRI Discovery Lab; and
hundreds of demonstrations and experiments.
(TRS-80 is 2 trademark of the Radio Shack division of Tandy Corp.)

quickiy and easily.

Only NRI gives you both kinds
of training with the convenience of
learning at home. No classroom pres-
sures, no night school, no gasoline
wasted. You learn at your convenience,
at your own pace. Yet you're always
backed by the NRI staff and your in-
structor, answering questions and
giving you guidance.

TRS-80 Model 4 Plus Disk
Drive To Learn On and Keep

NRI gives you hands-on training
on the latest model in the most popular
line of Radio Shack microcomputers:
the TRS-80 Model 4.

You not only learn to program
your Model 4, you learn all about it...
how circuits interact. .. interface with
other systems. .. gain a real insight into
its nature. Under NRI's expert guidance,
you even install a disk drive, verifying
its operation at each step.

You also work with a professional
4-function digital multimeter and the
NRI Discovery Lab® performing over
60 separate experiments.

The powerful, versatile TRS-80
Model 4 microcomputer disk drive and
other equipment you train with are
yours to use and keep!

Same Training Available
With Color (%mputer

NRI offers you the opportunity to
train with the TRS-80 Color Computer
as an alternative to the Model 4. The
same technique for getting inside is
enhanced by using the new NRI-
developed Computer Access Card. Only
NRI offers you a choice to fit your
specific training needs.

The Catalog is Free.

The Training is Priceless.

Get all the details on this exciting
course in NRI's free, 104 page catalog,
It shows all equipment, lesson outlines,
and facts on other electronics courses
such as Electronic Design, Industrial
Electronics, Video/Audio Servicing...
12 different career opportunities in all.
Keep up with the latest technology as
you learn on the latest model of the
world’s most popular computer. If card
has been used, write to:

NRI Schools

McGraw-Hill Continuing
i Education Center
t‘ | 3939 Wisconsin Avenue
A} ®
Hill

Washington, DC 20016

We'll give you tomorrow.
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(Continued from page 15)

to fudge the unit to give a “danger” warn-
ing, even when the music is moderate,
so | can get them to turn it down even
more, even if it's really in a safe level.
Can we do that?
F. R., Pompano Beach, FL

The best way to fudge the unit is with
calibration potentiometer R6. Play with
that for awhile, and tell us if it helps. Glad
the Sound Pressure Monitor is bringing
some peace and quiet to your home!

Look Up to the Heavens

How do | go about measuring the pol-
ar angle as | install my satellite anenna?
K.S., Mitchel, SD

There are all sorts of gadgets you
could make, but the best method is to
sight along the polar axis of your anten-
na to the North Star on a clear night.
That should put you 99-44/100% on tar-
get. In essence, what you are doing is
making the antenna polar axis parallel to
the earth’s rotational (polar) axis. From
that point on, adjustment is a snap.

Great Caesar's Ghost

I've been having a lot of fun with the
“Caesers Clock” project that | built as
described in your lastissue. In fact, there
have been so many laughs as a result,
that | felt | ought to share them with you.

People look at the unit, and ask what it
is, and | explain, with as straight a face
as | can muster, that it's an antique,

[T WASNPT QUIR DEA
1O ADD TWO NEW SIZES
TO OUR LINE OF
ACE BRIEADBOARDS.

c::“_ﬂ‘i

[T WAS YOURS.

Good idea! You told us you wanted to build
larger projects. And, that you needed big-
ger breadboards to build them. Well, our

AP PRODUCTS INCORPORATED
9450 Pineneedie Dr. ® Box 540

two new AP PRODUCTS Alt Circuit

Evaluators are just what you had
in mind.

The ACE 245 has 25% more capacity

than our previous largest bread-
board. It has a circuit building
matrix of 4520 solderless, plug-
in tie-points. And, if bigger
is better our new ACE 254
has a circuit building
matrix of 5424

solderless tie-points.

For the

AP PRODUCTS
dealer near you
call TOLL FREE
800-321-9668.
{In Ohio, call
collect
(216)354-.2101.)

Mentor, Ohio 44060
{216) 354-2101
TWX: 810-425-2250
In Europe, contact A P PRODUCTS © GmbH

Baeumlesweg 21 ¢ D-7031 Weil 1  West Germany
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found in the ruins of Pompei, and that it
gives the time in Roman numerals, just
the way that Caeser read the time. The
reaction of people is really funny. it
doesn't occur to them, at first, that the
ancient Romans didn't have electricity,
or digital fluorescent readouts. They
puzzie over the time for a moment or
two, and it isn’t usually until much later
that the light dawns and they realize that
they’ve been had! | originally built the
project because like you, | thought it
would be an interesting novelty. | never
realized how much fun I'd be having with
it.
J. S., Pierre, SD

Now thats funny! It just shows how
gullible some people can be, and we're
glad that you've found another source of
interest and amusement with the proj-
ect. We'll make sure that the author
hears about it, too.

Human Radio Receiver
I've been hearing radio signals in my
head, and a friend told me that it could
(Continued on page 99)

Get ANe23 ine Gang

Our Consumer Information Catalog is free,

and it lists more than 200 useful government

booklets to help you be informed. Write:
Consumer Information Center
Dept. MR, Pueblo, Colorado 81009

The NEW UHF to VHF SINE WAVE
SYNC SUPPRESSED CONVERTER

STOP renting! Buid your own converter box and
enjoy commercial free TV movies.

With our step-by-step and easy to follow instruction
sheets, this kit becomes the most advanced digital electronic
circuitry ever designed to be built by anyone with only basic
electronics background . . . and in just a couple of hours.

The outstanding VHF channel 3 output picture quality
comes from our matching Sanyo tuner that picks up the
scrambled signal from almost any kind of TV antenna. even
inside depending on your location. The pk
kit comes with a custom design aluminum cabinet that blocks
out static and interference. The crystal clear audio sound
comes from your TV speaker. You can even watch and re-
cord the programs with your VTR at the same time
Teols nesded: Soldering iron, Cutters, Puers, Phillips screw dnver, and

a \bit-Ohm-Meter

*150.00........

Send order o
SANYD VIDEO PRODUCTS
1124 West 3Tth Place, Los Angeles, California 90007
(213) 735-0485
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Here is a design procedure for constructing a bench-top power supply

SUMMER 1984, No. 1

By John T. Baiiey

which is adjustable down to zero volts without loss of regulation
and that has a snap-action, current-overload protection circuit!

[(OMY VENERABLE HOMEBREW VARIABLE POWER SUPPLY WAS
typical of those in common use during the past ten years. It
used the popular LM723 voltage regulator with an external
pass transistor for higher-output current. The circuit was
conventional, as recommended by the manufacturers of the
LM723. However, for my applications, it has two charac-
teristics that I wanted to improve. First, the output-voltage
lower limit was about 2 volts; and, second, the over-current
shutdown circuit was soft. That is, as the over-current, trip-set
point was approached, the regulation began to suffer. So,
what is an experimenter to do? As [ did—come up with a
design that overcomes those two deficiencies. 1 called my
project the Dual Power Supply. The title may not be original,
but the circuit application sure is!

I have chosen a 0- to 20-volt, 400-mA, maximum-design
objective to illustrate the design procedure I used. Also, |
have furnished the essential calculations to permit design of
other output ratings to suit output specifications of different
values.

Zero Output

Quite a few circuits for adjusting the output of a regulated
power supply down to zero volts are to be found in current
technical literature. Some circuits are simple, some quite
complex. The simple ones that | tried did permit reduction

down to zero-volts output but, surprisingly with some, reg-
ulation fell off badly as zero was approached. Then, in
Hewlett-Packard’s DC Power Supply Handbook, 1970 1
found the answer in principle, but without component values.
Basically, H-P’s circuit uses a floating reference voltage,
referenced to the positive-output terminal rather than to
ground. Figure 1 is a block diagram of the circuit. The output
voltage is determined by:

(Eq. 1) Eo = V,o X (R2+RI),

When R2 is 10,000 ohms,

E, = 6 X (10,000 + 3000)
E, = 20-volts DC.

When R2 is 0-ohms,
E, = 6 X (0+3000) = O volts.

Potentiometer R2 has a linear taper; thus, the output will be
a linear function of the rotation of R2. However, an audio
taper for R2 provides a much better adjustment of output
voltages near zero. Remember, that your eye is on the volt-
meter scale when adjustments are made. and that no front-
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PASS TRANSISTOR 0-20 vDC In case you want a different maximum output voltage,
. AL merely use different values of reference voltage and/or R1 as
necessary to satisfy Equation 1. If R2’s maximum resistance

is a little greater than 10,000-ohms; it can be shunted to
reduce it to 10,000-ohms, or you may prefer to leave it
unshunted and get a little more than a 20-volts, maximum
output. If R2 is less than 10,000-ohms, change Rl to an
2R appropriate lower value to satisfy Equation 1. Of course, a
33K substantial change in the output will require a change in the

ERROR

i aEdH value of the unregulated input voltage.
= e For the 20-volt maximum output voltage, I used a no-load,
CA3140 2R2 . . .
< 10K 30-volt unregulated input. That gave me a satisfactory input-
| output differential to take care of line voltage changes and
voltage drops in current-sensing resistors not shown in Fig. 1.
+ —0 A nominal 20-volt AC, secondary-winding in the power
FIG. 1—SIMPLIFIED BLOCK DIAGRAM for one section of the transformer (actually 21 volts under no load) produced an
Dual Power Supply. Not shown is the current-sensing input of just under 30-volts DC after bridge rectification.
resistor and circuitry that eliminates current-overload.
CONSTANT CURRENT al
ol PASS TRANSISTOR
TABLE 1—VOLTAGE CHECK POINTS ®
y
Load Conditions u4 Eﬁ?&% AMP.
(Trip set point = 400 mA) LM334
About ® |,
No Load| to Trip | Tripped COMPARATOR

R7 CA3140

Volts DC to Common from: | Fig. 3|

29.9 270 | 294 | A
18.53 18.27 18.53 B SHIBGE
440 | 402 | 437 | C LA /
—.0167 | —.0455 | —.0512 E > Zg;"
mA through R10 __COMMON |
143 | 414 | 465 SERSOR  ENT
FIG. 3—A BRIDGE NETWORK detects T
excessive-current across R10 and controls  TraNsISTOR
the voltage comparator U2. 2N3904
It is interesting to note here that the CA3140 op amp used
. ) in this circuit (Fig. 1) takes its supply voltage from the
panel scale for the regulated output cfontrol is required. . unregulated input and that its maximum supply rating is 44-
Npte that a zerp-ohm§. terminal resistance of R2 (Fig. 1) is volts DC. That's plenty of latitude! Hence, if the input voltage
required, th?oreucally, in order to gbtaln zero-volt output. | is increased to more than, say, 40-volts DC to get more than a
found that different makes of potentiometers varied consider- 20-volt DC output. a resistance divider should be used to
ably in their minimum resistances; some were as large as 100 maintain the CA3140 op amp DC supply within its maximum
ohms. [ used a Mallory U18 Midgetrol 10,000-ohm, #1 taper rating. Also, if that is done. a pass transistor of a higher
(audio) potentlor’ne‘ter. which haq a 4-ohm minimum resis- wattage rating will be required. The heat dissipation of the
tance. Compensation for that small, minimum-resistance pass transistor is greatest at zero output voltage and is equal to
value is possible and shall be explained later. the voltage at the collector multiplied by the maximum load

current.
FIG. 2—VOLTAGE-REFERENCE Zener diodes are fired by a
constant current source, practically eliminating voltage Reference Voitage

variance due to line-voitage and load outrages. As with all other circuits using reference voltages, the

2 quality of the reference is a major factor in determining
overall performance of a regulated supply; regulation will be
1; v degraded if the reference is not steady. I used Zener diodes
\ REF , -
ZENERS under constant-current bias for my reference voltage as shown
6.9v - in Fig. 2. The LM334 is the constant-current source, set to
I e——— .
+ 6.8 mA by the 10-ohm resistor. The formula for constant
v METER current using the LM334 is;
v BUCKING
& VOLTAGE
[ =67.7+R
——MWA——0 .
= I =67.7+10 = 6.8

where 1 is given in milliAmperes.



Constant current operation improves the Zener diodes’
stability and minimizes the adverse effect of varying input
voltages applied due to change in line voltage. The function
of the meter-bucking Zener diode will be explained later.
Note that the reference voltage indicated in Fig. 2 is 6.9 volts,
whereas it is shown as 6 volts in Fig. 1. That is due to my
10,000-ohm potentiometer having only a 9.000-ohm max-
imum resistance. which compensation was provided by in-
creasing the reference voltage to 6.9 volts DC.

Over-Current Shutdown

The conventional shutdown circuit for protection against
excessive-output current, or accidental load short circuits,
uses a shutdown transistor, which removes the base current to
the pass transistor when the voltage across a current-sensing
resistor turns the shutdown transistor on. That scheme works,
but it doesn’t provide snap-action turn-on of the transistor.
Hence, as the load current approaches the base turn-on volt-
age of the shutdown transistor, regulation of the power supply
begins to fall off. What I desired was a snap-action shutdown
circuit that would maintain regulation right up to the over-
current set point, and would hold the supply voltage off until
the overload is removed. Also, | wanted both the output
voltage and current to drop to zero on shutdown.

By using a comparator driving a Triac optocoupler. my
shutdown objectives are easily achieved. Figure 3 shows the
basic shutdown circuit.

A resistive-bridge arrangement, with an adjustable circuit
in one arm, feeds a differential voltage to the comparator,
which trips when the voltage drop across the current-sensing

resistor reaches the trip value. The comparator output pulses
the optocoupler’s internal LED on momentarily, the op-
tocoupler’s Triac turns on, and, via a switching transistor.
takes the error amplifier’s shutdown pin to a low state. That
action removes any base current to the pass transistor so that
the supply’s output voltage and current both fall to zero, and
stay there until the overload is corrected and the reset button is
activated.

Table 1 shows the voltages measured in the snap-action
over-current circuitry of Fig. 3 under three conditions: (1) No
load, (2) full load just before tripping, and (3) after tripping.
Just before tripping, the bridge arm voltage to the com-
parator’s inverting input (C in Fig. 3) is slightly larger than
voltage D applied to the comparator’s non-inverting input.
When the trip-value current of 400 mA is exceeded, the
comparator output goes high to about 25 volts. That voltage,
via R15 (refer to Figs. 3 and 4), causes the internal LED of U3
to illuminate the Triac in U3, which then turns on, permitting
about 32 mA to flow from the unregulated input point through
the shunted trip indicators, D13, R14, the saturated Triac, and
R16. The drop across R16 turns Q2 on via R17, thus ground-
ing R18. Hence, pin 8 of Ul is taken low via RI§ and base
drive to Q1 is removed. That action reduces the output voltage
and current to zero. Of course. with the load current reduced
to zero the voltage drop across R10 drops to a low value, and
the comparator inputs return to their normal values. The
current through the Triac, however, remains latched on until
the fault is corrected and RsT (reset) switch S2 is depressed.
Listed at the bottom of Table | are the currents flowing
through R10 as calculated from the drops measured across it.
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FIG. 4—HERE IS ONE-HALF of the Dual Power Supply. Since both halves are identical, build two from this drawing and package them in one cabinet.
In fact, if you wish, you could build a quad power supply—it's all up to you. For each power supply you build, use an electrically-isolated chassis
ground return so that the supplies can be connected in series using a common tie-point as ground for a dual regulated power supply.



With no external load, the current through R10 (Figs. 3 and
4) is about 14.3 mA. That current represents the currents
drawn by Ul, U2, and the circuit’s resistive dividers. With a
400-mA external load, the current through R10 increases to
414-mA. Under trip conditions, the no-load internal current
is increased by the Triac (U3) latched current to a total of 46.5
mA. The measured resistance of my R10 was 1.1 ohms.

Full Schematic Diagram

Figure 4 shows the actual schematic diagram used in my
prototype providing an output of 0 to 20 volts at 400 mA
maximum. Critical component values are shown as mea-
sured; circuit voltages are indicated at points on the schematic
diagram, and in the Tables, where they will be of help in
duplicating this prototype, or in designing another power
supply of a different rating. Measurements were made using a
3l4-digit DMM.

Load Regulation

It is possible to get the output voltage to actually rise with
an increase in load current, or to obtain perfect regulation at
any selected output voltage. That characteristic can be
achieved by inserting a small resistance in the path to the
positive output terminal, as represented by R22 in Fig. 4.
When the load current increases, the voltage drop across R22
increases linearly. That voltage drop is of the proper polarity
to add to the reference voltage, so the effective reference
voltage incteases with increases in load current. Reference to
Eq. 1 reveals that there will be an increase in output voltage,
which counteracts the normal decrease in output voltage
under increased-load current conditions. The required resis-
tance value of R22 is very small and must be determined by
trial. Just a few inches of small-gauge magnet wire is all that
is needed. The gauge of the wire must be able to carry the
current that passes through it without heating up.

Using magnet-wire-wound current shunts, a I-mA meter
and a double-pole, five-throw (DPST) rotary switch S4,
output voltages and three current ranges can be monitored.
The current ranges chosen were 20, 200, and 400 mA. With a
30-volt unregulated input to QI, a 400-mA maximum output
can be handled by a heat-sinked TIP-31 transistor with a
reasonable safety factor. Also, 400 is a multiple of 20, the
maximum output voltage, thus simplifying the meter dial
markings.

With no external load there will be an internal current
apparent on the 20-mA range. This error current will not be
noticed on the 200- or 400-mA ranges. It is due to regulatory
action of the error amplifier, Ul, which must allow QI to pass
just enough current to make the voltage-drop across R24
equal to the Zener voltage of DIi. When that equality is
achieved the output voltage is zero because the Zener voltage
and the drop across resistor R24 are in series, are equal, and
are of opposite polarity. The error current is, of course, the
Zener voltage divided by the value of resistor R24 in ohms, or
about 2.3 mA, and is a constant regardless of the setting of
R2. It is bucked out by an equal opposite current produced by
the lower Zener diode and series resistor shown in Fig. 2.

A standby LOAD switch, S3, is connected across Q2. The
function of S2 is to provide manual shutdown of the supply’s
voltage and current output. That action is more convenient in
some applications than turning off the supply’s power switch.
Capacitor C13, across S3, was found necessary to prevent
triggering of U3, the optocoupler, when S3 is opened after

being closed to shut down the supply manually.

The 10-p.F capacitor, C9, across the reference Zener diode,
D11, minimizes Zener noise.

The protective diodes are included in the Dual Power
Supply. Capacitor C10 across the output protects the power
supply against reverse voltages, which might be applied by an
active load. Diode D9 across pass transistor QI is included for
the same reason.

Performance

Specific figures for load and line regulation will not be
offered because my instruments for determining such figures
do not have sufficient resolution to be meaningful. In other
words, the power supply’s regulation is so good that I can’t
measure it. Tables 2 and 3 present performance data as well as
[ could measure them with a 3%2-digit DMM. Whereas those

TABLE 2
REGULATION VS. LOAD

Line = 115 Volts
Load (mA)

0 | 400

Output Volts (DC)

18.48 18.48
11.18 11.13
4.80 4.80
1.181 1.181
1670 1670
.0945 .0945

TABLE 3
REGULATION VS. LINE
Load = 400 mA
Line Volts (AC)
| 1150 | 1265
Output Volts (DC)
1756 | 1756 |

103.5

17.56

tables show perfect regulation, it should be noted that the
normal resolution of a 3%4-digit DMM creates that illusion. A
4'5 DMM, or better, is required to measure more precisely.
Nevertheless, excellent load and line regulation is obvious.

Ripple on the output voltage at full load was so small that,
on my scope’s 10-mV/cm range, it was barely perceptible and
what could be seen may have been caused by hum pickup on
the test leads.

Construction

Mechanical layout is not critical. Neither is the wiring
critical, except that it is important that connections from R11
and R26 go right to the output terminals as shown in Fig. 4.
Those are the voltage-sensing leads and have to be connected
as shown, to monitor the voltage as close as possible to the
external load for good regulation.

The meter | used, from my junkbox, had a plastic cover,
which created a minor problem. It tended to acquire a static
charge, so that the pointer wouldn't always return to zero
when it should. Passing a finger across the cover, or tapping
it, to overcome jewel friction would create a sizeable and
unpredictable offset. That annoying condition was eliminated
by brushing on a thin coat of Sta-Puf, a laundry liquid for
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PARTS LIST FOR DUAL POWER SUPPLY

SEMICONDUCTORS

D1-D10—1N4005 600-PIV, 1-A rectifier diode (Radio
Shack 276-1104 or equivalent)

D11, D12—1N754A 6.8-volt, 400-mW Zener diode

LED1—Light-emitting diode, T-1, red miniature

Q1—TIP-31 NPN transistor (Radio Shack 276-2017 or
equivalent)

Q2—2N3904 NPN transistor (Radio Shack 276-1603 or
equivalent) .

U1, U2—CA3140 bi-FET op amp, RCA (Jameco Elec-
tronics)

U3—MOC3010 Triac output, 250-volts, 100-mA op-
tocoupler (Radio Shack 276-134 or equivalent)

U4, U5—LMB334 current-source integrated circuit (Ra-
dio Shack 276-1734 or equivalent)

RESISTORS

R1—1000-ohm, 1-watt, 10% fixed

R2—10-ohm, "e-watt, 1%, film

R3, R24—2,940-0ohm, 1%, film

R4—20,000-ohms, 1%, film

R5, R7—15,000-ohm, 1%, film

R6—4750-0ohm, 1%, film

R8—3,920-ohm, 1%, film

R9—383.2-0hm, 1%, film

R10—1-ohm, 1-watt, 5%, wire-wound

R11, R12—10,000, Ys-watt, 10%

R13—68-ohm, “s-watt, 10%

R14—560-ohm, 2-watt, 10%

R15—2,400-ohm, Ys-watt, 10%

R16, R23—100-ohm, e-watt, 10%

R17—1000-ohm, s-watt, 10%

R18—4700-ohm, Ys-watt, 10%

R19—2.38-ohm (made from #40-gauge magnet-wire
wound on 1000-ohm, Yz-watt resistor form

A HOME-BUILT front panel, cover and bottom plate was made to
fit a standard chassis that the author had available. Metal
screen used to make cover provides ample ventilation for project.

fabric softening and static cling control, on the inside of the
cover. The coating is still working after six months.

A suitable heat sink is required for QI, the series-pass
transistor. In my prototype [ used a flat piece of ¥32-inch thick
aluminum that was 3)2-inch square, which was mechanically
and thermally connected to the chassis. The TO-220 tab of Q1
is internally connected to the transistor collector element, so
a mounting screw through the tab hole must be electrically
isolated from the heat sink. I used two extruded fiber washers

» 4-40 MACHINE SCREW
/ LOCK WASHER
WASHER

EXTRUDED FIBER WASHER

MICAWITH THERMAL
GREASE ON BOTH SIDES

WASHER

LOCK WASHER

NUT

EXTRUDED FIBER WASHER

FIG. 5—PASS TRANSISTOR Q1 requires a suitable heat sink,
due to the amount of heat it dissipates. The author mounted
Qt on the metal chassis thereby requiring electrical isolation.

R20, R21—125-ohm (made from #28-gauge magnet-
wire wound on 1000-ohm, Ys-watt resistor form

R22—(See text)

R25—100,000-ohm, Ys-watt, miniature trimmer potenti-
ometer (Radio Shack 217-338 or equivalent)

R26—10,000-ohm,audio-taper miniature potentiometer
(Mallory U18 Midgetrol, #1-taper)

R27—1000-ohm, Ys-watt, miniature, trimmer potentiom-
eter (Radio Shack 217-333 or equivalent)

CAPACITORS C1—2200-u.F, 50-WVDC, electrolytic
C2-C7—.0015-pF, 1000-WVDC, ceramic-disc
C8—470-uF, 35-WVDC, electrolytic

C9—10-p.F, 16-WVDC, tantalum

C10—22-pF, 35-WVDC, electrolytic

C11-C14—1-uF, 50-WVDC, Mylar

SWITCHES S1—SPST, 3A, 125-VAC, miniature, toggle

S2—SPST, normally-open, momentary-pushbutton

S3—SPST switch, toggle

S4—2-position, 6-throw, non-shorting, rotary (use only
5 positions)

ADDITIONAL PARTS AND MATERIALS

F1—1-A, type-3AG fuse

J1, J2—Multi-way binding post, one red, one black

M1—DC panel meter, 1-mA, 2%-in. square

NE1—Indicator part of type-3AG fuse holder

T1—Power transformer; 117-VAC pri.; 20-VAC, 1.2-A
sec. (Signal #PC40-600 or equivalent)

T2—Power transformer; 117-VAC pri.; 6-VAC, .15-A sec.
(Signal #241-3-16 or equivalent)

Heat sink, two 8-pin IC sockets, one 6-pin IC socket,
knobs, line cord, chassis, case, hardware, rubber
feet, decals, etc.

BOTTOM
PLATE
to accomplish that purpose. In addition, a piece of mica %-
inch by 7-inch with thermal grease on each side was used
between QI and its heat sink. Figure 5 shows the mounting
arrangement. That electrical isolation isn’t required if, in-
stead, the heat sink is isolated from the chassis by means of
insulating standoffs.

Adjustments
There are only two adjustments to be made before opera-
tion. The first one is to null the error amplifier, Ul. With a
digital voltmeter across the Dual Power Supply’s output ter-
(Continued on page 92)



Is a career in electronics right for you?

To help you decide, CIE would like
to give you a few simple facts.

Electronics offers more career
opportunities than almost any other

field today.

Just look around you and you'll see that the new technology
is the backbone of almost everything man does or will do.
Industry, aerospace, business, medicine, science, govern-
ment, communications - you name it. And the backbone of
the new technology is electronics. Quite simply, few other
fields, if any, offer more career opportunities, more job
security, more room for advancement.

m CIE is the largest independent home
study school specializing exclusively

in electronics.
We're specialists in training electronics specialists, with
arecord that speaks for itself. According to a recent
survey, 92% of CIE graduates are employed in
electronics or a closely related field. And because
our success record is our greatest strength, we’'ll
do everything we can to help you succeed, too.

We've been refining our
teaching methods for
50 years.
We believe in independent study because it
puts you in a classroom of one. So you can
study where and when you want to. At
your pace, not somebody else’s. And over
the years we’ve developed the proven
approaches that give you the support
such study demands. For example, our
Auto-Programmed ®lessons are care-
fully designed by specialists to pre-
sent topics in a clear, logical, step-by-
step sequence. Your lessons are grad-
ed and mailed back promptly with
appropriate instructional help for in-
stant learning reinforcement. And our
experts are always ready to respond
in writing whenever you have a ques-

tion or problem.
FA backed with practical
hands-on training.
To bring textbook theory alive, many
of our courses let you work with the
actual tools of the trade. CIE’s
Personal Training Laboratory, part of
several career courses, helps you put

We teach you theory

Cli

the theories of basic circuitry into practice. Other courses
include equipment like a 5SMHz triggered sweep, solid state
oscilloscope and our Micro-processor Training Laboratory,
with 512 bytes of random access memory, to let the advanced
student apply digital technology in many of the same ways
electronics professionals do.

You can chart
your own
course.
CIE’s broad range of entry,
intermediate, and
advanced level courses in a
variety of career areas N
gives you many options, whether you know a little about
electronics or a lot. You start with the Career Course
that best suits your talents and interests and go
as far as you want. More than half of CIE’s
courses include a series of optional lessons to
prepare you to pass the Federal Communica-
; tions Commission exam for an FCC Radio-
}\ telephone License - a requirement for some
electronics jobs, a credential for all. And all of
our courses can also advance you towards
an Associate in Applied Science Degree
in Electronics Engineering
Technology from CIE.

Get the facts for
yourself.

If you're willing to work, we can
help you towards a career in
electronics as we have helped
many others before you. But
get the facts for yourself and
compare what we offer against
other schools. Send today for
our CIE school catalog and
complete package of career in-
formation. The information is
all FREE, and it will help you
decide where to start and how
far you want to go. Also, for
your convenience, we'll try to
have a school representative
contact you to review the vari-
ous educational programs and
assist in course selection. Just
mail the postage-paid card or
write, mentioning the name and
date of this magazine. But please,
send for your FREE catalog
today. We want to help you get
ahead. And that’s a fact!
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Cleveland Institute of Electronics, Inc.
1776 East 17th Street, Cleveland, Ohio 44114
Accredited School National Home Study Council
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By Ben Richards

Solar-
Power Converter

(JsoLAR CELLS PRODUCE VERY LOW VOLTAGE OUTPUTS AT
fairly high current when energized by the light of the sun or
other similar light. A series of enough interconnecting small
solar cells to operate a 9-volt transistor radio can be expen-
sive. It costs less to use a single, relatively large cell, and
raise the voltage with a DC-to-DC converter capable of
running at the low voltage that the single solar cell supplies.
Such a Solar-Cell Power Converter could be very welcome in
case of emergencies or natural disasters, where all you may
have are dead dry batteries, or discharged Ni-Cd’s with no 60-
Hertz line power to recharge them.

How It Works

Figure 1 is the schematic diagram of the Solar-Cell Power
Converter. Initially, one transistor begins to conduct a little
more than the other when power from solar cell D1 is applied,
and that results in a regenerative increase of current in one
transistor, and a decrease in current in the other one. Very
shortly, one transistor is at current saturation (full-on), and
the other, at zero conduction (full-off). That condition per-
sists until the transformer saturates and creates regenerative
turn-on of the previously conducting (on) transistor. That
rapid current-switching repeats cyclically at a high rate. The

A SMALL AMOUNT OF sheet-metal work is required to develop a chassis to mount
the power-switching transistors Q1 and Q2, transformer, T1 and the other parts that

Let the power of
the sun keep your
battery costs down

build up and collapse of current in the primary winding
(browm and orange leads) of TI induces a stepped-up AC
voltage across the output winding (gray and white leads).

A full-wave doubler rectifier, D2 and D3, is used to pro-
duce the required DC voltage output. A Zener diode, D4, is
used to set the upper limit on the output voltage when the load
current is minimal, but D4 is not intended to keep the output
voltage constant. The radio-frequency choke, RFC1 and the
.01 wF capacitor, Cl, hold down RF noise generated by the
switching circuit to an acceptable level.

You may be wondering about the use of power-transistors,
QI and Q2, of a much higher power rating than would appear
necessary. The reason is that the transistors have an extremely
low voltage drop at the current levels encountered in changing
the roughly 1/2-volt output of the single solar cell to high-
frequency AC. Much smaller transistors could handle the
current easily, but at two to three times the voltage drop. Since
we’re starting with a very low DC input voltage, a large
voltage drop would result in a circuit whose efficiency was
too low to be practical.

Construction
The mechanical layout of the Solar-Cell Power Converter is

a1

make up the Solar-Cell Power Supply. The solar-cell assembly mounts on the end brackets.
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FIG. 1—THE POWER to drive this circuit
is obtained from solar cell D1 that produces
+ Y .45-volt DC at 333 mA in bright sunlight.

That’s 150 milliwatts of power—is more
o than enough to drive a transistor radio it

00T its output was 9-volts DC. The five coil

elements (other than RFC1) are wound on the
same coil form to make up transformer T1.

S QUTPUT The circuit is designed to obtain minimum
switching losses and maximum current
reversals in the collector circuits of Q1

and Q2. The remainder of the circuit is a
fullwave, voltage-doubler rectifier with

- filtering and Zener diode regulation.
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solar cells and their fragile construction,
it is wise to mount them in a suitable
holder that is gentle to them and rugged 17

1-15/16 X 3-11/16

enough to offer protection from rough
handling. The diagram shows how the cell
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FIG. 2—CONSIDERING the hlgh cost of L/ CUT OUT...IN FOAMONLY :
|

}

|

|

|

|

~-

fAP 2:1/16

is mounted between two pieces of clear 70 18D
plastic and suspended by bits of foam t
material. Duplicate the author’s efforts A R e o Cm gl S B E BRI s 8 P ¢ ;._ A
for suitable solar cell protection. ¥ T PN )
180 411/32
\ / 180
1/16 PLASTIC Q;% e
{CLEAR) FOAM
~—>| ' |[«—5/160 —>] | je—s5/160
A-ASECTION
NOTE THE 1/8” WIDE “SHELVES" FORMED
IN THE FOAM GASKETS TO HOLD THE
CELL ON ITS NARROW ENDS ONLY.
not critical, but some specific dimensions are suggested for
those who wish to duplicate the original project.
PARTS LIST FOR . . : . .
Begin by preparing the plastic-sheet chassis according to
SOLAR-CELL POWER CONVERTER Fig. 3. A chassis punch or hand-grinding tool with a fluted
SEMICONDUCTORS cutting bit can be used to form the large-diameter hole
D1—2- x 4-inch (5- x 10-cm) solar cell (Radio Shack through which the inverter transformer, T1, is mounted with
276-126 or equivalent) the aid of the aluminum mounting strip. Attach the tran-
D2, D3—1N4817 rectifying diode sistors, Q1 and Q2, the end-mounting brackets, the trans-
D4—1N5347B, 10-volt Zener diode former, and the corner-mounted soldering lugs as shown in
Q1, Q2—2N441, 2N442 or 2N443 germanium, PNP the photograph. Make sure that the power-transistor cases do
; photograp _
power transistors not touch each other or the screws which fasten the four,

ADDITIONAL PARTS AND MATERIALS

R1—100-ohm, Ya-watt, 5% resistor

C1—0.1 pF, 100-WVDC, tubular capacitor

C2, C3—100 nF, 6-WVDC, electrolytic capacitor

C4—0.01 uF, 50-WVDC, ceramic-disc capacitor

RFC1—2.1-mH, radio-frequency choke

T1—EC-0201-IP saturable transformer (available from
Milwaukee Electromagnetics, P.O. Box 07476, Mil-
waukee, WI 53207, for $6.95 postpaid)

4 x 2¥s x %-inch plastic box (Radio Shack 270-231 or
equivalent), plastic sheets, foam sheet, scrap alumi-
num, wire, solder, hardware, cement, etc.

corner, solder lugs to the plastic chassis. Be sure to provide
heat-sink thermal connection to the base and emitter termi-
nals of the transistor when applying the soldering-iron heat.

Solder fine, insulated, stranded-wire leads to the solar cell,
DI, very carefully using a small, low-wattage, soldering iron.
The full surface ohmic connection on the back of the solar
cell is the positive terminal and the comb-like electrode on
the opposite surface is the negative terminal. If in doubt,
check the solar cell’s output polarity with a voltmeter.

The plastic and foam sheets which make up the solar-cell
assembly should be formed as shown in Fig. 2. As shown in
the drawing, the solar cell is mounted between a set of plastic
and foam sheets so that it is supported only on the narrow
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However, it is wise to scratch the overall
dimensions on a scrap sheet of a-in.

thick aluminum, and do all the necessary
drilling and hole punching before trimming
the chassis down to size. Or, should Ye-in.-
thick stock, or better, be used to make

the chassis, that is not necessary. The

end brackets and the bracket for transformer

/32

T1 should be of ¥a2-in. aluminum stock

D1 C1

D3 C3

ends by a Ys-inch shelf cut into the foam gaskets. The plastic
used was an acrylic such as used for glazing windows and can
be cut using a scribe-and-break technique. The foam gaskets
were made from a tray used to package food; they can be cut
to shape with a razor blade. Be careful not to crack the solar
cell during assembly. By the way, neither wiring dress nor
parts layout are critical. The wired chassis and solar cell
assembly are joined with the end brackets shown in Fig. 3.
The combined chassis-solar cell assembly is fastened to the
plastic case with four mounting screws.

Testing and Use

Probably the easiest thing to do is hook up the output leads
to the load and walk out into the sunshine to enjoy solar-
powered music. If you want to test the converter first, just
connect a voltmeter across the output leads. Expect 9 to 11
volts under light load and moderate illumination.

because it will be easier to bend the cut
T pieces to the shapes required.

T RFC1 Cc4

HERE'S A VIEW of the completed Solar-
Cell Power Converter prior to bemg
inserted into its plastic box. Unit is
extremely compact; however, that is not

a design necessity. RF choke RFC1 reduces the
high-frequency hash generated by switching circuit.

A small amount of RF noise between stations (if you’re
powering a receiver) is normal and shrinks to virtually
nothing when the radio’s AVC takes over.

If the converter doesn’t work, check the polarity of the
solar cell output. If it’s OK, check the wiring for an incorrect,
broken, or shorted connection. By the way, you can bench-
test the converter alone by disconnecting one lead of the solar
cell and applying 0.6-volts DC from a variable power supply.

Intended use of the Solar-Cell Power Converter is to power
small AM transistor radios. Our tests indicate that you "Il get
satisfactory operation under sunlight conditions ranging from
overcast to full noonday sun. The Solar-Cell Power Converter
is not intended for FM receivers, because they are sensitive to
small supply-voltage changes such as might occur when fast-
moving clouds pass by. It is not advisable to leave the circuit
wiring exposed indefinitely to the elements, so you should
seal the circuit thoroughly. [ ]



Understanding and Using. ...

By Marvin D. Lamb

We are sure that you have seen many equipment specifications—from
dynamic range of amplifiers to the output level of signal generators—
given in dB’s. While you may know that a dB is a decibel, do you really
understand how to use the unit properly?

[JIN ELECTRONICS, POWER, VOLTAGE, OR OTHER LEVELS ARE
often specified in decibels (dB). But because those levels
aren’t always given in decibels, conversions to and from that
unit are often necessary. While you may have a calculator
handy for such occasions, there are some easily learned
*“rules of thumb™ that will enable you to conduct the con-
versions in your head. We’ll talk not only about those con-
version rules in this article—we’ll also discuss some basic
facts about the decibel. So after reading this, you should be
more familiar with dB’s, and should even be able to mentally
compute dB levels.

What Is a dB?

The decibel is the standard unit for expressing relative
power levels. For example, the gain of a system—the ratio of
the system’s output power (P2) to its input power (P1)—can
be expressed in dB’s:

ndB = 10 Iog1° (g%)

Some of you are, perhaps, unfamiliar with the term
*“log,o” that appeared in the preceding equation. It stands for
the common logarithm, or the logarithm to the base 10.
(When using common logarithms, the subscript 10’ is often
omitted, as we will do in the remainder of the article.)

The logarithm is the inverse operation of raising a 10 to a
power. For example, the expression “n = log x” means: n
equals the power that 10 has to be raised to so that it equals x.
In other words, 10" = x For example: log 10 = 1 since 10! =
10. In a like manner, log 15 = 1.176 since 10' X 10-'76 = 15,

Power ratios are not the only thing that decibels can be used

to express—voltage and current ratios can also be expressed
in decibels. In that case, ndB = 20 log V,/V,orndB = 20
log I,/1,. In the strictest sense, the decibel can be used to
express voltage and current ratios only when the voltages or
currents are measured at places having matching impedance.
We'll talk more about that later.

You may wonder why the logarithm of ratios would be a
useful way to measure different quantities. Its usefulness
stems from the fact that power and audio levels are related on a
logarithmic basis. That is, if the power increases by a factor of
4, that doesn’t mean that the audio level (voltage) will in-
crease by a factor of 4. Instead it increases as the square root
of the power increase.

That can be shown as follows: Presume you have a 4-ohm
resistor dissipating 4 watts. Using the formulaP = IE = E¥
li/._ygu can determine that the voltage across the resistor =

PR = V16 = 4 volts. If the same resistor dissipates 16
watts, thenE = VPR = V64 = 8 volts. So while the power
increases by a factor of 4 (from 4 watts to 16 watts) the voltage
across the resistor increased by V4 = 2—the square root of
the power increase (from 4 volts to 8 volts).

The unit originally used to express power ratios was the
“bel,” which was defined: n bels = log (P2/Pl). (The term
“*bel”” was derived from the last name of Alexander Graham
Bell, an early investigator of sound levels.) Even before the
days of amplifiers and low RF levels, it was felt that the bel
was too large a unit for practical measurements, so the
decibel (Yo bel) was adopted as the international standard unit
where n dB = 10 log (P2/P1).

Because the decibel measures the ratio of two power levels,
a reference power level (P1) must be specified. For example,
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dB M e 3 4 5 6 7 8 10
25 0 ¢ 1 | 1 l 1 l 1
[ | B S N S G R a0 [ [ SE D8 () [ T T r | |
RATIO 1 2 3
dB 10 n 12 13 4 15 17
RATIO 3 4 5 6 7
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while you could say that the gain of an amplifier is 6 dB, you
could not say that the amplifier’s maximum output is 22 dB.

There are, however, several derived decibel units that can
be used. When making power measurements, for example,
the unit dBm is often used, where dBm is a power level
referenced to 1 milliwatt. Several other decibel abbreviations
are often used. Their abbreviations will consist of the letters
dB plus additional letters to specify the reference level. Table
1 lists some of those units.

The decibel is used effectively in measurements covering a
wide range of levels. The frequency response of amplifiers
and filters, for example, is usually expressed as a graph of
voltage in decibels as a function of the frequency in Hertz.
Most analog AC voltmeters with dB scales are calibrated in
dBmV (decibels referred to 1 millivolt across some particular
impedance).

TABLE 1—DERIVED DECIBEL UNITS

dBF Decibels above 1 femtowatt (10-15), or 0.223 uV

dBj Relative RF signal levels. 0 dBj = 1000 pV

dBk Decibels referred to 1 kilowatt

dBm Decibels referred to 1 milliwatt

dBmV  Decibels above 1 millivolt

dBuV  Decibels above 1 microvolt

dBRAP  Decibels above reference acoustical power (10-16 watt)
dBv  Decibels relative to 1 volt

dBwW Decibels referred to 1 watt

dB’s and Voltage Measurements

If we want to use decibels to relate to the voltage levels of
the system, we have to look at another factor: The circuit
impedance becomes important when determining dB refer-
ence levels. (That’s because P = E2/R, or P = I2R and,
therefore, for a given power, the voltage depends on the
impedance.)

For example, how would we determine what 0 dBm means
for audio measurements? We know that the characteristic
impedance for audio transmission lines is 600 ohms. We can
also determine what voltage level corresponds to 600 ohms

dissipating 1 milliwatt. Recalling that E = VPR, we have E
= V(.001 W) (600 Q) = V.6 = 0.7746 volts.

The characteristic impedance of RF generators, at-
tenuators, etc. in the U.S. is 50 ohms (75 ohms in Europe).

Thus, 0 dBm for RF measurements is 1 milliwatt into 50
ohms, and the reference voltage is 0.2236 volts.

Decibels and Voltage Ratios

In the following examples, we'll look at how to work with
dB ratios, and how the dB ratios correspond to voltage ratios.
Using voltage ratios yield answers twice as big as those we’d
get using power ratios. Remember, ndB = 10 log (P2/P}) for
power levels, while n dB = 20 log (V2/V1).

Ratios are most often used when comparing input and
output voltages. For example, if we wanted to determine the
gain in decibels of an amplifier having an input of 10 milli-
volts and an output of 1.0 volt, we would write:

10V
20 1og )

20 log (100)
20 x 2 = 40dBV

When measuring attenuation ratios, we have a more inter-
esting computation. For example, presume we want to deter-
mine the attenuation in decibels of a device with 1.0-volt
input and 20-millivolt output. Using our method developed
so far, we would proceed as follows:

n dB

ndB8

20 log (%g)

20 log (.02)
20 (—2.3010) = —-40.602 dB
(Incorrect)

Unfortunately, that is not the correct answer. The problem
arises because of the negative characteristic of the log of a
number less than 1. So in the case above, we must write the
log with a negative characteristic as a positive number. That’s
done by adding 10 to the negativ