~ YOUR ONE-STOP SOURCE OF ELECTRONICS INFORMATION

1CD 928559

MARCH 1985 $1.95

CANADA $2.50

™

THE MAGAZINE FOR ELECTRONICS & COMPUTER ENTHUSIASTS

- MAK'NG PRINTED_ Heath’s real-time audio spectrum analyzar ¢p. 18)
CIRCUIT BOARDS . ..
THE EASY WAY!

BBOSE'S NEW
MINIATURE MUSIC =
SYSTEM . .. BREAKS
SPEAKER-SIZE BARRIER!

B Build an Automatic LED B Phone Device Thwarts
Street-Address Number Unwanted Callers

B Fine-Tune Your Home/Car Il The Commodore Plus/4
Audio System with a Portable Computer.. . How “Plus’ Is It?

Spectrum Analyzer M Designing DC Power Supplies

IR B% M2

Commodore’s Plus/4 . . . i< it really a ‘plus”? (p. 36)

Plus: ® Testing RCA’s New VKP900 Videocassette Recorder
® Experimenting with a Universal Active Filter ® Shortwave
English-Language Broadcasts ® Don Lancaster’s “Hardware
Hacker” ® Latest News in Electronics and Computers

Bose breaks speaker siz& barrier (g, 26)

T

WWW.americanradiohistorv.com


www.americanradiohistory.com

Burglars hate
the Uniden Rebate.

on police reports to hear  of up to $35 on selected
what's happening—and scanners. There's never

where it's happening. been a better time to
So you'll know when purchase a scanner for
to watch out. When to home security. So visit
alert your neighbors— your Uniden® Bearcat®
or your Neighborhood dealer today. For the
Watch Group. name of your nearest
Right now, Uniden® Uniden® Bearcat® dealer,

Bearcat® is giving rebates  call 1-800-S-C-A-N-N-E-R.

Aburglarcanonly [T T - T~ T ——————————————
work when he’s an | Get up to $35 back on Uniden® Bearcat® scanners.

u nexpected guest. A To get the rebate on the Uniden® Bearcat® scanner you've purchased send: (1) original dated sales
’ slip (non-returnable), (2} purchase confirmation or model number cut from carton, and (3) this completed
home that's prepared | request to: Uniden® Bearcat® Scanner Rebate Offer. PO. Box 50208, Indianapolis, Indiana 46256.
and protected is his Please circle the scanner purchased:
worst enemy. (1)BC-210XL/$35 Rebate  (4) BC-155/$20 Rebate  (7) BC-300/810 Rebate  (10) BC-260/$5 Rebate
H ® (2) BC-201/$30 Rebate (5) BC-180/$20 Rebate  (8) DX-1000/$10 Rebate (11} BC-15/$5 Rebate
Uniden (3) BC-100/$20 Rebate (6) BC-200/$20 Rebate  (9) BC-20/20/85 Rebate  (12) BC-5/$5 Rebate
Bearcat® Request must be postmarked by Aprit 15, 1985.
scanners can Ofter valid only on purchase made between February 1, 1985 and March 31, 1985. All requests must be
hel ou be l postmarked by April 15, 1985. Limit of one Uniden® Bearcat® scanner per household, and/or consumer,
p y regardless of number of Uniden® Bearcat® scanners purchased. This is a consumer rebate offer only.

prepared. They l Resellers, companies and employees of Uniden® their advertising agencies, distributors and retailers
Iet you Iisten in are not eligible. This official coupon must accompany all requests, and may not be reproduced. This

offer may not be used in conjunction with any other rebate offer from Uniden® Bearcat® Otfer good
only in U.S.A. Void where taxed or prohibited by law. Allow 6-8 weeks for delivery of check. Uniden®
not responsible for lost or misdirected mail.
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iden® Bearcat® scanners are approved for use
in neighborhood crime prevention programs.
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You say you’re already trained in electronics
but that you’re not making enough money???
Well then, maybe you don’t have an accredited
bachelor’s degree to prove that your education
is up to snuff! Check out the Grantham Inde-
pendent-Study B. S. Degree Program. It could
make a dollars and sense difference in your
electronics career.

Grantham offers this program, complete but
without laboratory, to electronics technicians
whose objectives are to upgrade their level of
technical employment. Since the field of elec-
tronics is so enormous, opportunity for ad-
vancement is always present. Promotions and
natural turnover make desirable positions
available to the man who is ready to move up.

Grantham College of Engineering
10570 Humbolt Street
Los Alamitos, California, 90720

'This booklet)

for
3 e Colleg® FHEE

: Grﬂ‘:," enginee’"® Boollef
This free booklet Y woe? N?(EJ\BY cLip
explains the | moME 6.,..-““‘" Cougﬂ"

B.S . | mene o i 2

Grantham B.S. ,Iﬂzc‘ et qu ;mnl m
Degree Program, 8 1985 enveiope or
offered by inde- \ _b aue™ 8 | paste on

pendent study to
those who work
in electronics.

Do You REALLY Want to Make More Money?

Yes it does take work and a few sacrifices to
climb up the electronics ladder to where the bigger
money is. But, if that’s where you want to be, then
that’s what you must do — work harder at learning
and getting the right credentials, even if it takes a
few sacrifices. A B. S. degree and the knowledge
that rightly goes along with it can give you powerful
ladder-climbing equipment in your search for suc-
cess in electronics.

The accredited Grantham non-traditional B.S.
Degree Program is intended for mature, fully-
employed workers who want to upgrade their elec-
tronics careers.

ELECTRONICS

Put Professional Knowledge and a

COLLEGE DEGREE

in your Electronics Career through

Independent Home Study

Study materials, carefully written by the Grantham
College staff for independent study at home, are
supplied by the College. Your technical questions
related to these materials and the lesson tests are
promptly answered by the Grantham home-study
teaching staff.

Recognition and Quality Assurance

Grantham College of Engineering is accredited by
the Accrediting Commission of the National Home
Study Council, as a degree-granting institution.

All lessons and other study materials, as well as com-
munications between the college and students, are in the
English language. However, we have students in many
foreign countries; about 80% of our students live in the
United States of America.

Grantham College of Engineering M-3-85
10570 Humbolt Street, Los Alamitos, CA 90720

Please mail me your free catalog which explains your
B.S. Degree independent-study program.

Name _ Age
Address.
City__ State_ Zip
b ]
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The Store for Builders Since 1921—O0ver 1000 items in Stock.

4000-Series m MOV Transient Protectors Understanding Electronic
CMOS ICs 2 control of Energy
. R R Power Diss. Cat. No. Each
With Pin-Out and Specs 600 MW 276.570 159 Systems e
. Radio Maek
1 watt 276-568 1.69 Learn how modern elec- =
Type Cat. No. Each tronics and computers
Yoo S 59 = are used to control elec- é’,g‘c’;”standmg
e et 99 Electret Mike .- 4 tric motors, generators, of Eneanic Control |
-241 : el internal combustion en- 9 Systems.
4013 276-2413 119 Elements LS | gines, heating and air '
38;; g;gg:’;; }?g conditioning, solar sys-
066 576.2466 119 PC Board-Mount. Omnidirectional. 2-10 VDC tems and nuclear en-
4 2 - with very low current drain, 1 milliamp max. 20 ‘o ergy. Easy to under-
15 kHz + 4 dB. 6.6 mm high. 270-090 . . . 99¢ stand, fully illustrated.
e e " . 272 pages.
TTL Digital ICs Omnidirectional. Great for projects, upgrading p
) . g old mikes. Clean 30 to 15,000 Hz response. 4-10 62-1386 ...... .. 3.95
With Pin-Out and Specs VDC. 7/16 x 3/s" dia. With leads. 270-092 . . . 2.69 -
= 2 Lever Switches
e Cat. No. ach -
7ZSO 276-1801 89 VOItage Regl“ators :}J Heavy-duty types with 1 x 3/8” lever. P
7404 276:1802 '99 Rated 6 amps at 250 VAC. .
. ’ Type Adjustable | Cat. No. | Each 516 x5/ax5/s”.  Require  7/16" Ty
7408 276-1822 1.29 o s =i
7447 276-1805 1.59 LM723 | 0to 40 VDC |276-1740 | .99 g hoe.
7490 276-1808 1.09 LM317T |1.2t0 37 VDC | 276-1778 | 2.79 Type Cat. No Each
- . | Type Fixed Output | Cat. No. | Each SPST 275-651 1.99
Axial-Lead Electrolytic ~ 7805 +5VDC | 276-1770 | 159 ol grogo) 28
Capacitors 7812 +12VDC | 2761771 | 1.59 :
p e e bt e DPDT Center-Off | 275653 | 2.49
m | e |mennl e
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] . 2N1305 PNP 276-2007 119 8038 Function Generator | 276-2334 |5.95| 3.99
100 & 201G 09 MPS22224 NPN|  276-2009 79
228 gg 353-1817 .89 PN2484 NPN| 276-2010 89
47 -1018 .99 MPS3904 NPN| 276-2016 69 =
1000 35 272-1019 1.59 TIP31 NPN| 276-2017 .99 MeIOdv Maker Ic SALE!
2200 35 272-1020 2.49 TIP3055 NPN|  276-2020 1.59 AY-3-1350. Pre )
l g -programmed with 28 pogular
2700 35 272-1022 3.59 MS’%,?” ERE 5;85853 1:28 tunes including Star Wars, Beethoven’s 5th, Wed-
2N3053 NPN 276-2030 99 ding March, and others. F%B-pig DiP with data.
R ) . MPS3638 PNP| 276-2032 79 Build a musical doorbell! Reg. $5.99.
a-Watt, 5% Resistors D20 BN 3755088 129 1761782 .. ... . Sale 2.99
39 - 2N3055 NPN| 276-2041 1.99
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o : 59 Dynamic -Pack
T — MPSA06 NPN|  276-2059 59 16K DY RAM 8-Pac
Oh Cat. No. Oh Cat. No. MPSA13 NPN 276-2060 .59
T 271-1381 13:‘3 2;-13;5 i NN 276,2067 {5 SPECIAL Pkg. of 8 795
25C945 NPN| 276-2051 79 1
100 271-1311 15k 271-1337
150 271-1312 22k 271-1339 ﬂ\;’%m& ?‘Eg g;g-gggg -gg PURCHASE
220 2711313 27k 271-1340 1 - i . 4116. Highest quality! 250 ns access. Why gam-
270 2711314 33k 271-1341 ERSIT voEny 2262072 = ble (and wait) for mail-order RAMs? Upgrade your
oo A v I e 25C1308 NPN|  276-2055 795 computer now at huge savings.
- 1-134 | - . k
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47k | 271-133 10meg | 271-1365 L. 1 ange-dDounler
o8k | 27113% continuity Tester Chassis

Power Transformers
120 VAC Primaries

Type Volts Current | Cat. No. | Each
PC Mini 12.0CT | 120 mA | 273-1360 | 2.49
Miniature 6.3 300 mA | 273-1384 | 2.59
Miniature 12.6 300 mA | 273-1385 | 2.79
Miniature | 25.2 300 mA | 273-1386 | 3.49
Miniature | 12.6 CT | 450 mA | 273-1365 | 3.59
Miniature | 25.2 CT | 450 mA | 273-1366 | 3.99
Standard 6.3 1.2A | 2731351 | 399
Standard 126 CT | 12A |273-1352 | 4.99
Standard 25.2 12A | 2731353 | 5.99
Heavy-Duty | 126 CT | 3.0 A | 273-1511 | 599
Heavy-Duty | 25.2CT | 2.0A |273-1512 | 6.29
Heavy-Duty | 18.0CT | 2.0A | 273-1515 | 6.99

CT =Center Tap

Circuit continuity produces a
warbling tone. Possible uses:
doorbell, security, capacitor/
diode checker, more. Oper-
ates from 9V transistor
battery. A great experiment-
er's item at a bargain price!

277-1014 ... ... 1.95

Power Supply Chassis

—— A compact switching power
% supply for an incredible 44¢ a
watt! input. 18 VAC (use our
#273-1515 transformer). Out-
puts: 12 VDC at 400 mA, +5
VvDC at 1.1 amp, —-5VDC at
200 mA. Compare our low
price! 277-1016 ... . .. 4.95

Save %1597
2 88 Reg.
39.95

Slashed 38%. The big
41/4” mirrored scale is
easy to read. Range-
Doubler switch provides
extra accuracy on volt-
age and current ranges.
Convenient single-knob
function switch. DC volts:
0to 1000, 12ranges.AC volts: 0 to 1000, Brangns
DC current: 0to 10 amps, 10 ranges. Resistanze:
0 to 20 megohms, 5 ranges (10 ohms center
scale). Decibels: - 20 to + 62, 8 ranges. Accu-
racy: +3% DC, $4% AC. 6'1/1ex47/8x2".
Fused and overload protected. Requires cne
“AA”, one 9V battery. 22-204 ... .. Sale 24, 8‘8/

A DIVISION OF TANDY CORPORATION Radlo ’haeR OVER 8800 LOCATIONS WORLDWIDE

Prices apply at participating Radio Shack stores and dealers
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FEATURES

The ‘“Easy Circuit’’ Way To Make Circuit

Boards

Adhesive-backed materials eliminate photography
and chemicals to speed circuit-board fabrication.
By Harold Wright

New Speaker Design Breaks Size Barrier
Bose’s ‘“‘Acoustin Wave”’ speaker combines with a
receiver and tape deck for a compact stereo system
with powerful bass response. By Len Feldman

The Commodore Plus/4 Computer. . .Is
It Really A Plus?

Exploring the new computer’s values to a
prospective buyer. By Eric Grevstad

Designing Dc Power Supplies
How to design fixed and adjustable power supplies
for solid-state applications. By Joseph J. Carr

The Frustrator
Phone device thwarts unwanted callers, but lets
through calls you want. By Anthony J. Caristi

An Automatic LED Street Number Sign
Plug-in-and-forget sign guides visitors to your
doorstep in the dark. By Hank Olson
Upgrading Apple Ile’s ROM Monitor,
Part 11

Conclusion of a two-part article. By Don Lancaster

PRODUCT EVALUATIONS

RCA’s VKP900 SelectaVision Convertible
A contemporary ultimate in VHS VCRs.
By Stan Prentiss

Heath’s AD-1308 Real-Time Spectrum

Analyzer
Lab quality, portability and low price.
By Len Feldman

DEPARTMENTS

Editorial
The Age of Consumer Electronics. By Art Salsberg

Letters

Modern Electronics News
New Products
Communications

By Glenn Hauser

Electronics Notebook
A Universal Active Filter. By Forrest M. Mims III

Hardware Hacker
Author answers technical questions from readers.
By Don Lancaster

Advertisers Index
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W EDITORIAL /.

The Age of Consumer Electronics

Reflecting on the enormous size and
scope of the recent Consumer Elec-
tronics Show in Las Vegas, we're
surely in a consumer age of electron-
icsnow. Whereas one product area or
another seemed to be ‘‘hot’’ at these
previous trade shows, the sheer vol-
ume of brands and models in each
product category underscores this.

This winter show, which is fol-
lowed in June by an even bigger one,
featured more than 1,400 exhibitors
spread over some 800,000 net square
feet of floor space. Too much for any
one person to cover and digest, of
course. Nevertheless, it was clear that
there will be many mid-year intro-
ductions of new models.

The Electronic Industries Associa-
tion Consumer Electronics Group re-
vealed some interesting estimates of
household penetration of consumer
electronic products. Leading the prod-

ucts that people have in their homes
are, not surprisingly, radios (98%),
color TV (91%), and audio systems
(81%). In the latter category, audio
components account for 37%. Home
computers are estimated to be in 13%
of U.S. homes as of January 1985,
while VCRs are in 17% of homes.
Factory sales of consumer elec-
tronics products in dollars are ex-
pected to increase $2.1 billion in 1985
to $24.9-billion as compared to
1984’s projected $22.8-billion. Vid-
eocassette recorders are among the
rising stars, increasing in dealer sales
in units from 1983’s 4.09-million
units, to 1984’s projected 7.3-mil-
lion, to 1985°s estimated 9.5-million.
Compact disc player sales are bur-
geoning, too, with a projected 225-
thousand units sold to dealers in 1984
and 400-thousand expected in 198S.
Home computers show a steady rise,

from 4.8-million unitsin 1983,to05.1-
million in 1984, to an expected 6-mil-
lion machinesin 1985 with an average
factory dollar value of $500 per unit.

There are losers, too, namely pro-
grammable video games. They dipped
from a high in 1982 of 8.2-million
units to anticipated 1985 sales of 2-
million. This product area is joined
by videodisc players, with an antici-
pated drop from a 1983 high of 307-
thousand to a 1985 estimate of 130-
thousand machines.

Next month we’ll examine some of
the more sparkling new electronic
products that will soon be coming up
for sale, as well as exploring promis-
ing trends in the electronic and con-
sumer marketplace.

ﬁ,&/iwuf

OLDRELIABLE
JUST GOT MORE
RELIABLE
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W/ LETTERS |/

Y Before K Except After. . .

* Your November 1984 issue arrived. In
the editorial on ““The TV Tube’’ you
made much of Vladimir Zworykyn devel-
oping the electronic TV camera for RCA.
There is no argument that RCA labs
headed by Zworykin had made a lot of
progress developing eclectronic TV, but
actually, Philo T. Farnsworth, a brilliant
young man with limited formal engineer-
ing education and finances, was ahead of
RCA and Zworykin in developing all-
electronic TV. Farnsworth was granted
almost all the basic TV patents and RCA
was forced to pay royalties to him.

Also, spell your subject’s name cor-
rectly, which is Zworykin and not Zwor-
kyn.

Ray L. DeVault
Sacramento, CA

Farnsworth was indeed a major figure in
the development of electronic television.
Zworykin’s contribution, however, elim-

with Dr.
Zworvkin and myself was taken when he
was 92 vears old. Yourspelling correction
is duly noted. —Ed

accompanying photograph

Thanks And Corrections

*Thank you for the great job you did edit-
ing my article on constructing a ‘‘Digital
Humidity Control’’ that appeared in the

January 1985 issue. However, a few er-
rors worked their way into the schematic

inated the need for a mechanical spinning
wheel at the broadcast-station end. The

diagram on page 49. Capacitor C6 should
be listed at C4, a 0.15-uF disc. Also, C5
connected to pin 12 of /C4 should be la-
beled C6 (its 0.33-uF value is correct), and
IC3 and IC4 are incorrectly type labeled
on the schematic (they’re correctly identi-
fied in the Parts List).
Eugene Weber
Hinsdale, IL

Fan Letters
® | am glad a magazine such as yours ‘‘hit
the racks.” I would like to see more con-
struction articles and less of equipment
reviews.
James Mulcahy
Pemberton, NJ

* Please send me one year of Modern

Electronics at charter member price. 1

used to enjoy Popular Electronics, and

your new magazine looks like a good re-
placement.

Harold D. Somerville

Stow, Ohio

RCA’s new SK Guide. More pages.
More solid state replacements.

When it comes to replacement semiconductor sources,
RCAis one of a kind. RCA is actually in the business of
manufacturing semiconductors and we publish a new
cross-reference every year. This new RCA SK Guide to Reliable
Replacement Semiconductors has everything
you need to make fast, accurate replacements. More than
2,500 SK and KH types replace over 206,000 industry types.
RCA is the line of infegrity with unsurpassed engineering
excellence.

So when you need to make a sclid state
replacement, reach for reliability. Reach for the RCA
SK Guide, SKG202D, available at your RCA SK Distributor,
ormail $2.95 in check or money order to RCA Distributor
and Special Products Division, Box 597, Woodbury,
N.J. 08096.

SK Replacement
Solid State
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MODERN ELECTRONICS NEWS |/

DISCOURAGING THEPT. More and more electronic and computer equipment

is being stolen from homes and offices than ever before. An interest-
ing concept to discourage this, called the "Kaish Circuit Lockout," is
designed for use with microprocessor equipped electronic products.
Offered to manufacturers under licensing, it prevents product operation
when the power source is removed unless a personally selected code
written into a ROM is entered. With about one-trillion possible com-
binations, the code is unlikely to be broken. The company that holds
the patent, International Electronic Technology Corp., Far Rockaway, NY,
also markets "K-Safeguard," an expansion board to prevent unauthorized
access to IBM PC, PC XT, and PC clones, among other personal computers.
A set of switches on the card permits an authorized user or supervisor
to set up a code of up to eight digits. After six unsuccesful attempts
to break the code are made, a loud alarm sounds for 15 minutes. If power
is removed, the alarm resumes upon poOwer up.

VCR SALES SURGE CONTINUES. Retailers continue to show great optimisim on

sales prospects for VCRs as they continue to set buying records. Units
bought by dealers in the first 11 months of '84 hit 6,322,418, which is an
81.22 rise to date as compared to 1983 figures. November's rise was £5.4%.

THE YEAR OF 32-BIT COMPUTERS. Will 1985 see home computers with 32-bit
CPUs challenge 8- and 16-bitters? Commodore is expected to launch one
for less than $1,000, bypassing a step up from 8-bit to 16-bit machines.
That is, if Atari doesn't hold them up on an Amigo design that they claim
they have some rights to. Atari, too, is readying a 68000-CPU machine,

called, tongue-in-cheek, the "Jackintosh." It's said to be a Macintosh-
like computer with color, and company president Jack Trameil pins future
growth of Atari on the machine's success. Sinclair Research is said to

be bringing in its QL machine, so successful in Great Britain, at $50C.
It uses Motorola's 68008 microprocessor.

NEW RADIO-SPECTRUM OFFERINGS. The FCC plans to parcel out parts of the
800-900 MHz frequency spectrum presently reserved. Twelve MHz will go
to expand the growing cellular-radio services, while 8 MHz will be going
to mobile satellite systems for use in rural areas.

TESTING STANDARDS BOOK. ASTM (American Society of Testing and Marterials)
has put together more than 200 standard procedures on testing pratices,
specifications, and definitions for electronic devices. 1It's all in
Volumes 10.04 and 10.05 of the Annual Book of ASTM Standards, with more
than 1,500 pages combined. For ordering, call 215-299-5585.

CRT BLACK IS BETTER. So says Sony when it boasts about the new darkened
glass of its new Trinitron picture tube. Called the "Microblack" screen,
Sony claims it provides better picture contrast. Its new XBR-series
color TV sets also incorporate a unique color temperature control that
permits users to change from warmer tones, such as reddish whites, to
cooler tones, such as bluish whites. The TV receivers come in designer
colors, too, including beige or plum. Whatever turns you on. ME

#
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Computerized
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World’s first low-cost ‘“Universal”
. hand-heid, microgrocessor- serminalinterfaces
y Robgtics technology controlledReal Time U I S computer, ham
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gurpose
am-rige, n

Triple-trace oscilloscope -
speeds troubleshootirg. atfordabie
kit form.

More than just a catalog, a trustwerthy guide to what's new in electsonics and camputers. sy

News aboutimportant productinnovations is packed :
into every page of the quarterly, full-color Heathkit .

catalog. Ever since radio became elecfronics, the il- L "
lustrated Heathkit Catalog has been a guide to new Dept. 079-274

and exciting kit products for peaple like you to build. Bento bo g :
Enjoy and learn from them, while saving money in the T o
process. What sets the Haathkit catalog apart is its all-new =R o ataoa

range of high quality products and accurate informa-
tion to help make your buying decisions easy.
All you have tc dois fil out the coupor to get your copy

e Heath kit |

. - Company

A subsidiary of Zenith Electronics Carporation
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Wouldn't you like to have o
new skill you could call your own?
Learn TV, audio, and video servidng
with at-home training from NRL

............
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You can learn to service and
repair TVs, stereos, electronic
musical instruments and ampli-
fiers, car and portable radios,
record and tape decks, videocas-
sette recorders and disc players,
almost any kind of electronic
equipment on the market. And
you can learn to do it at home,
in your spare time, without quit-
ting your job or wasting time
and gasoline on night school.
NRI will train you, as it has over
a million and a quarter others,
with effective methods proven
over 69 successful years.

Hands-On Training

NRI training is practical train-
ing all the way. Throughout your
course, you'll perform hands-on
experience projects that make
theory come to life and give you
real understanding.

Includes Both 25" TV
And VCR, Plus DMM
And More

As part of your training, you'll
build your own 25" Heath/
Zenith color TV, a state-of-the-
art unit with infrared remote
tuning, programmable channel
selection, and the incredible
space phone for remote calling.
You also get a front-loading,
remote-controlled videocassette
recorder to play your video-
taped lessons and learn about
servicing this complex instru-
ment.

Practical training on a real state-of-the-art TV,
VCRor stereo, using professional equipment

You'll learn troubleshooting
techniques using a professional
3V2-digit digital multimeter.
You'll use it when assembling
your TV to check demonstration
circuits you build on the NRI
Discovery Lab, and in your pro-
fessional work. It's the equip-
ment and training you need for
success.

Exclusive NRI Training
On Videotape

In addition to profusely illus-
trated lessons, you get NRI Ac-
tion Videocassettes . . . video-
taped lessons that show you
graphic presentations of elec-
tronic systems, vivid closeups of
servicing techniques and profes-
sional “shortcuts” to study and
replay as often as you want.

Training For Success

NRI not only prepares you to
become a top technician, we get
you ready for independence.
NRI Video/Audio servicing gives
you a great new way to earn

wwwwLamericanradiohistorv.com

extra money doing part-time
servicing for appliance and de-
partment stores—building a
good-paying, new career with an
electronics firm . .. or even
starting your own business. You
can start small, even part-time in
your basement or garage, make
the most of your opportunities
to grow into a successful busi-
nessman.

Free Catalog . . . Mail

Card Today

Send the postage-paid card for
our free 104-page color catalog
describing our courses in full,
showing all equipment, lesson
outlines, and career opportuni-
ties. It also shows other exciting
courses like Microcomputers,
Electronics Design, Industrial
Electronics, Digital Electronics,
and more. Mail the postage-paid
card today for your copy. And
see how you can make
the most

of your talent. If card has been
removed, please write to:

C‘
1'mi

NRI Schools of
Electronics
McGraw-Hill Continuing
Education Center
3939 Wisconsin Avenue
Washington, DC 20016

We'll give you tomorrow.
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For more information on products
described, please circle the appropri-
ate number on the Free Information
Card bound into this issue or write to
the manufacturer.

Lap-Size Computer
With Desktop Power

Among the Sord Model 1S-11C bat-
tery-powered lap computer’s desk-
top-like features is a large 25-line by
80 character LCD screen that offers
multi-window, 640 x 200-pixel alpha
character display capability. The
computer’s other standard features
include: a Z80A microprocessor op-
erating at 3.4 MHz; 80K of RAM (ex-
pandable to 144K with an optional
64K RAM cartridge); 72K of ROM
preprogrammed with word-process-
ing and business software; a variety
of interfaces; a full-travel keyboard
with six function keys; a 128K capa-
city microcassette deck; and a real-
time clock. Interfaces include RS-
232C serial, parallel, Centronics-
compatible printer, numeric keypad,
barcode reader, and ROM cartridge
ports. The built-in word processor is
said to be a full-featured program
that provides 14 advanced com-
mands, including copy, move,
search, replace and underline.
Options currently available in-
clude both hardware and software.

In hardware, there are a 40-character-
per-line thermal printer, a numeric
keypad with 12 additional function
keys, a barcode reader, a 32", IM-
capacity micro-floppy disk drive,
and a mouse. In the software (in
ROM cartridge), there are database/
spreadsheet/graphics, BASIC inter-
preter, transfer/format conversion,
and time-sharing system packages.

The computer measures 11'%,"W
X 8%¢"D x 3% "H and weighs 6 Ibs. 6
ozs. $1495.

CIRCLE NO. 117 ON FREE INFORMATION CARD

Portable CD Player

Having been a long-time leader in the
personal portable tape-player mark-
etplace with its Walkman line of
products, Sony has now broken new
ground with a personal portable
Compact Disc (CD) player. The
Model D-5 CD player brings to port-
able listening the sonic qualities of
the tabletop/rack component in a
much more compact, lightweight,
and Dbattery-powered unit. The
player is built around a semicon-
ductor laser pickup and sophisticated
mechanical driving system. It fea-
tures an Automatic Music Sensor
that makes it easy to locate and play
selections by scanning forward and
backward until the desired selection
is located. Its Music Search feature
provides high-speed sampling of the

music at normal pitch to allow you to
review a disc’s contents and find any
portion of the desired selection. An
LCD window displays battery condi-
tion, track being played, elapsed
time, number of tracks remaining,
and time remaining on the disc. The
Model D-5 player can also be plugged
into a home hi-fi system.

The Model D-5 player delivers a
20-t0-20,000-Hz frequency response
(—3 dB) at less than 0.008% THD.
Dynamic range is rated at more than
90 dB, S/N at more 85 dB, channel
separation at more than 85 dB, and
below measurable limit wow and
flutter. There are both headphones
and line outputs, and power can be
from six C cells or an ac power
adapter supplied with the player.
Playing time with fresh alkaline cells
is rated at 5 hours. Headphones are
optional extras.

The player measures 5% "D x5 "W
x1¥2"H and weighs 1 lb. 5 oz.
$299.95.

CIRCLE NO. 125 ON FREE INFORMATION CARD

Hand-Held Digital
Capacitance Meter

A digital capacitance meter designed
to be equally at home on a service
bench and in a field-service tool cad-
dy has been introduced by Global
Specialties. The Model 3000 is a bat-
tery-powered, hand-held portable in-
strument that can measure capaci-
tances in eight switch-selectable de-
cade ranges from 1 pF to 2000 uF full-
scale. Measurement readings appear
in a 3 -digit liquid-crystal display
(LCD) window. Specified accuracyis
up to 0.2% of reading. In addition to
the usual 0.5 " numeric display, the
capacitance meter features annuncia-
tors that indicate low-battery and ex-
cessive compensation of stray capaci-
tance conditions. A zero-adjust con-
trol is provided for nulling stray and
incidental capacitance.

#
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Power for the meter is provided by
a single 9-volt battery. A collapsable
tilt stand swings out from the rear of
the instrument to position the display
atacomfortable viewing angle on the
test/service bench. $139.95.

CIRCLE NO. 126 ON FREE INFORMATION CARD

Add An Intercom
To Your Telephone

Phone-tercom™ from Ameriphone
converts existing single- and two-line
home and office telephones into a
personal communications network
by adding an intercom capability.
The device works with both rotary-

and pushbutton-dial telephones. It
allows you to place calls from one
station to another. Incoming calls
can be transferred from one exten-
sion to another in the network. Addi-
tionally, a convenience feature lets
you put a call on hold at one tele-
phone so that you can resume a con-
versation on any other extension.
Phone-tercom also lets you set up
three-way conference conversations
and even silence the telephone when
you do not want to be disturbed. In-
stallation is easy. No special wiring or
special telephone instruments are
needed to install the FCC-approved
accessory. You just plugit in and it is
ready to use. $34.95.

CIRCLE NO. 127 ON FREE INFORMATION CARD

Conformal Aerosol Coating

Konform from Chemtronics is a
clear aerosol silicone/electroplastic-
based conformal coating designed to
protect rigid and flexible printed-cir-
cuit assemblies, thick-film circuits,
and individual electronic compon-
ents. By spraying Konform on a cir-
cuit or assembly, you can protect it
against such environmental stresses
as humidity, salt, sulphur, dust, fuel,
corrosive vapors and fungus. The
coating remains flexible from —85°
to as high as +390°F (-65° to
+ 200 °C). It has a dielectric strength

of 1100 volts/mil and a water-vapor
transmission of 0.013. A 2-mil coat-
ing of Konform dries tack-free in
about an hour and completely cures
in 24 hours. The coating can be re-
moved, totally or partially, with III
trichlorethane to permit repairs of
circuits and assemblies. Availability
is in 16-0z. aerosol cans and in 1-gal.
(concentrated) size containers.

CIRCLE NO. 128 ON FREF INFORMATION CARD

Power-Line
Filter/Suppressor

Almost everything electronic, from
personal computers to home video
systems, requires a clean ac power
source nowadays. While it is unfor-
tunate that the modern ac line is elec-
trically noisy, there is something you
can do about it. One product de-

(Continued on page 83)
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A contemporary ultimate in VHS VCRs:
RCA’s VKP900 SelectaVision Convertible

Not all VCRs are created equal.
Some are created more equal than
others, an example being RCA’s new
Model VKP900 SelectaVision con-
vertible tested for this report. This
exceptional VHS-format videocas-
sette recorder features just about
everything currently devised for
VCRs, except futuristic BTSC-dbx
multichannel TV sound.

Advertised as a ‘‘convertible,”’
that’s precisely what the VKP900 be-
comes when the recorder unit is re-
moved from its tuner/timer-con-
nected flatbed docking cradle (no
screws or nuts here). Just drop in a
battery pack and mate a ‘‘Small-
Wonder’” MOS image-sensor (no
tube) video camera to its 9-pin con-
nector, and you’re ready to shoot
home movies. Battery and recorder
together weigh just 7.9 lbs., and the
Model CKC020 camera adds another
35 ounces, plus its long tether cable.

The video camera has automatic
iris control with manual override, a
VHS compatibility switch, auto-
matic white balance, and an illum-
inated 1" see-through black-and
white electronic viewfinder. Dis-
played in the viewfinder are not only
the working image, low light condi-
tions, and battery-charge state, but it
also permits quick review of the final
three seconds of any recorded scene.
It does all this with good effect and
without either lag or the high signal
whiteout common to most tube-type
consumer video cameras.

For program scheduling, keeping
time, channel selection, infrared re-
mote control, and ac/dc power sup-
ply, you need the companion tuner/
timer, with its simplified program-
ming and menu display on the receiv-
er’s screen. Once you’ve used the re-
mote-controlled timing and pro-
gramming functions from the com-
fort of your easy chair, the pamper-

14 / MODERN ELECTRONICS / March 1985

ing process is irreversible, especially
since it’s completely protected
against power outages for up to an
hour at a time. What’s more, you
don’t even have to squint to see the
programming, especially on large-
screen TV receivers.

Recorder, tuner/timer and re-
mote-control units have so many out-
standing features they’ll have to be
identified individually before collec-
tive examination and performance
analysis are undertaken. But be

aware that the cost of this system
isn’t in the ‘‘economy’’ category.
Suggested selling price of the Model
VKP900 VCR is $1,295. The excel-
lent companion Model CKC020
video camera will cost you an addi-
tional $1000.

The Recorder Unit

Like other carry-along portables, the
Hitachi-made recorder unit can be
operated fully independent of the

The major circuit elements of the RCA VKP900 VCR are the dual micropro-
cessors that control all operating functions under user command.

Motor
drives

I

TAPE AND
TROUBLE
SENSORS

DATA BUS

Camera

Svstem remote

Control
processor |

WET AT HLE )
" /| processor Il

control

MODE
SWITCHES

l

Counter

Power
supply

PROGRAM SWITCHES
AND LEDs
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Fair NTSC color bars and excellent
43 dB S/N ratio are apparent in SP.

Tests reveal that SLP color bars are
little different than those in SP.

tuner/timer and ac line simply by
dropping in a rechargeable battery
pack and connecting a video camera.
This unit has the usual complement
of transport controls, including an
sp/LP/SLP (standard play/long play/
super-long play) switch, tape speed
TRACKING control, cassette EJECT
button, and STOP, PLAY, PAUSE, RE-
CORD, REWIND/SEARCH, F FWD/
SEARCH keys. Additionally, there are
a POWER switch, VIDEO DUB and
AUDIO DUB buttons, channels 3/4 in-
put sclector switch, 12-volt dc input
jack, left and right microphone input
jacks, phone jack, noise-reduction
switch, and an electronic counter
with MEMORY and RESET switches.
Rounding out the recorder unit’s fea-

Analvzer display shows that red jieid

maintains 43 dB S/N ratio in SP.

Almost identical red-field dispiavs

were obtained in both SLP and SP.

miultiburst

Swepi-chromu

(center)and gated-rainbow color-bar

(hotiom) traces reveal the usuaf

videocussette recorder losses that oc-
cur al high frequencies.

(1op),

www.americanradiohistorv.com

March 1983

Mudtiburst is adequate to 2 MHZ hut
Salls off rapidiy afterwards in SP.

Low-frequency multiburst is noisier,
has{ess amplitude in SLP than in SP.

Mono response (upper (race) con-
tinues out to about 80 kHz, while
stereo (lower trace) sags « little
bevond 12 kHz. L-R separation,
however, is enormous.

MODERN ELECTRONICS / 15
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PRODUCT EVALUATIONS ...

RCA’s VKP900 continued

tures are four input connectors (not
including the 26-pin connector that
docks it with the companion tuner/
timer unit), one audio and two track-
ing and speed selectors, and the bat-
tery compartment.

Most of the recorder unit’s fea-
tures are self-explantory. The excep-
tions are as follows. The VIDEO and
AUDIO DUB buttons permit video or
audio override of any portions of
previously recorded tape. The phone
output is for either ear- or head-
phones, while the microphone inputs
are used when audio dubbing. Dur-
ing playback, if you wish, you canen-
gage a noise-reduction system to re-
duce tape hiss and excessive noise.
There are even two hidden but acces-
sible screwdriver controtls for adjust-
ing jitter in the pause mode when op-
erating on the SP and SLP speeds.

Tuner/Timer Unit

Virtually all the VKP900’s versatility
is built into the tuner/timer unit.
Front and rear panels are loaded with
more than enough bells and whistles
to excite the most avid videophile.

On the front panel you’ll find the
tuner/two-channel  audio/camera
switch and the programmable add/
erase channel select and up/down
channel scan controls. The usual 1
through O direct-address channel se-
lector keys; timer lamp; dimmer
switch, VCR, display, charge and
XPR buttons; and the infrared re-
mote-control receptor are also in-
cluded here.

On the rear panel are the usual uhf
and vhf 75- and 300-ohm r-f inputs
and outputs, an auxiliary battery
charge input, a 6-pin cable jack, a
300-watt, 120-volt ac accessory re-
ceptacle, and paired left and right au-
dio and companion video input and
output jacks. Finally, on the record-
er’s side, you’ll find a unified nor-

mal/remote switch and a normal/
CATV/H.R. C2 TV cable switch.

The display switch summons up
either tuned-channel number or time
of day. A nice touch is that the Tv/
vCR indicator switch has a LED that
glows when the VKP900 is in the
VCR mode. Incoming signals are dis-
played via video or channel 3 or 4 r-f
on the TV receiver’s screen. A timer
indicator also lights in the timed
mode. To recharge either the re-
corder or the auxiliary battery, you
simply press @ CHARGE switch. The
XPR switch handles unattended re-
cordings of certain periods without
special programming.

Infrared Remote Controller

Except for channel memory and tun-
er/audio/camera switching, almost
all programming is accomplished
with 32 keys on the 4% "L x4Y2 "W
x 1"D hand-held silver and black
plastic and aluminum keypad of the
remote-control transmitter. The usu-
al up/down and direct-address chan-
nel keys are there, as are the VCR/TV
switch and PLAY, PAUSE, STOP, RE-
CORD, REWIND, F FWD, SLOW, VARI-
ABLE SLOW, TRACKING, 2x speed
(with audio muted), REVERSE PLAY
(for backtracking video), and single
FRAME ADVANCE buttons.

How It Operates

I1t’s of more than passing interest to
discover how this electromechanical
marvel works with its timed events,
channel memory, and the lengthy
2.6-, 5.3- and 8-hour playing times
for the three speeds with RCA’s
VK330 cassettes.

To begin with, the VKP900 con-
tains five video heads. Two are used
for standard play, two more for long
and super-long play, and one for
special effects. As usual in a two-

head helical-scan system, luminance
records in FM and color records via
rotary phase-converted subcarrier.
Measured video impedances are 70
ohms, whereas impedances of the
audio inputs and outputs are 47,000
and 1500 ohms, respectively. Total
vhf/uhf/CATV receiver tuning
range accesses 133 channels via full
memory programming and frequen-
cy-synthesized tuning.

The system can be programmed
for eight events daily or weekly, upto
12 months in advance. A one-hour
backup capability retains program-
ming and time in the event a power
failure should occur.

Soft-touch keys on both the tuner/
timer and remote controller produce
on-screen alphanumeric displays of
time, date, day, channel selected,
and program modes. When actually
programming the system, the remote
controller is normally used to set
time, normal, daily and weekly pro-
grams and for program review. It’s
all done with easy-to-follow screen
displays of step-by-step instructions,
all in logical sequence. You simply
press the 1 through 5 buttons on the
controller to set or remove from
memory whatever recording condi-
tion is most convenient. Channels are
stored in memory only via the tuner/
timer controls.

Inside the VCR are two signal split-
ters. One routes r-f to the recorder’s
vhf tuner and TV/VCR switch. The
other delivers 470-to-890-MHz car-
riers to the 14-through-83-channel
uhf tuner (even though channels 70
and up have now been assigned by the
FCC to land mobile service).

When making normal recordings,
an incoming channel is selected,
timed and the Tv/VCR switch is set to
the VCR position with any recording
that is to be taped and viewed simul-
taneously. If you wish to view one
channel while recording a different

#_
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RCA Model YKP90D YVHS Videocassette Recorder

TV/tuner sensitivity
vhf channels 3/13
uhf channel 20

Ac operating range

Ac power drain
record
playback

Tape time
play (on time)
stop (off time)

Signal-to-noise ratio (S/N)
luminance (SP/LP,SLP)
chroma (SP/LP,SLP)

Audio response at baseband

left channel

right channel
Stereo separation (sine wave only)
Wow/flutter (NAB at 3 kHz)

SP

LP

SLP

Tape playing times (in hours)
VK125 tape (SP/LP/SLP)
VK250 tape (SP/LP/SLP)
VK330 tape (SP/LP/SLP)

fast-forward & rewind (with VK250 tape)

Horizontal resolution (through r-f modulator)

Tape speeds SP/LP/SLP (in inches per second)

—2/—4dBmV
—1dBmV
100to 130V

20 W rms
18.6 W rms

5 seconds
3.5 seconds
5 minutes each

43/42 dB
43/42 dB
2.5MHz

80 kHzat —6dB
12kHz at —6dB
50dB

0.06%/0.086%
0.06% /0.11%
0.085%/0.17%
1.3/0.65/0.43

1/2/3
2/4/6
2.6/5.3/8

Test equipment: Tektronix Models 7L5 and 7L12 spectrum analyzers; Hameg Model HM605
oscilloscope; Sadelco Model FS-3D VU field-strength meter; Data Precision Models 945 and
1750 multimeters; B&K-Precision Models 1250 and 1260 NTSC color/multiburst and 3020
sweep function generators and 1035 wow and flutter meter; Sencore Models VA48 video
analyst (modified) and PR57 ac Powerite; RCA Model VGM2023S TV receiver/monitor

channel, you simply set the switch to
the TV position. If you would like
““unattended’’ entries at the current
time, the XPR button offers record-
ings in 30- and 60-minute increments,
up to a total of four hours, with auto-
matic shutdown at the end of the se-
lected time.

For normal, timed and memory
programming, changes and error
correction can be made by repeatedly
pushing the CLEAR button until the
offending digit flashes. You then in-
sert amended information via the
usual programming keyboard.

To charge the $49.95 optional
camera/recorder battery, you must

turn off power, connect the recorder
to the tuner/timer, and push the lat-
ter’s CHARGE button. This activates
both the charger and a LED to initi-
ate aone-hour chargecycle. A therm-
ostat monitors internal battery tem-
perature in case there is a short cir-
cuit. A second thermostat shuts off
charging current when internal bat-
tery temperature reaches a predeter-
mined temperature.

The main 12-volt dc power supply
for the entire system originates from
an efficient switch-mode ac-to-dc
converter. This converter is isolated
from the 117-volt ac power line.

System control principally origi-

nates in two microprocessors (see
drawing), aided by other ICs that ac-
cept digitized instructions and pass
them on to main VCR and command
circuits. When the tuner has finished
selecting all programmed stations,
phase-locked-loop (PLL) compari-
sons center them within frequency
tolerance limits and remote or man-
ual keyboard transmits the record or
play commands as microprocessors |
and Il go to work.

Processor 1 accepts inputs from
the remote tuner/timer/charger mi-
croprocessor, camera input, front
panel switches, and the deck’s power
relay. Processor I, programmed by
processor I through a 4-bit data bus,
then operates VCR deck systems
while monitoring them during theen-
tire operation. This includes sam-
pling the trouble sensors, as well as
sensing the various mode-switch po-
sitions and driving a liquid-crystal
display (LCD) counter. Any problem
with the unit usually requires replace-
ment of this entire module.

Evaluation

The VKP900 is a technically ad-
vanced, multi-mode recorder/player
with significant advantages over
most other VCRs. In addition to the
utility of having an easily disengaged
fixed/portable recorder with all
functionsindicated by LEDs, proven
reliability, baseband video/audio,
and regular r-f inputs and outputs,
the programming flexibility of the
two pieces i5 remarkable. While the
102"D X 7"H X 6% "W measure-
ments for the tuner/timer and 11 "D
X 9% "W x 34 "H measurements for
the recorder aren’t exactly diminu-
tive, their combined total weight of
17 lbs. is certainly relatively low.
Also, all operating abilities are out-
standing.

Luminance and chroma S/N fig-
ures of 43 dB bear out the outstand-

(Continued on page 85)
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The ‘‘Easy Circuit’’ Way
To Make Circuit Boards

Adhesive-backed materials eliminate photography
and chemicals to speed circuit-board fabrication

By Harold Wright

here are a variety of ways to
produce printed circuits sin-
gly. Typically, photochemical

techniques are used on copper-lami-
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nated boards. This method enables a
builder to accurately replicate print-
ed-circuit foil patterns such as those
printed along with construction proj-
ects in Moden Electronics. To many
people this is an odious task, requir-

www.americanradiohistorv.com

ing photographic methods, dealing
with messy chemicals, drilling com-
ponent-lead pad holes, and careful
monitoring time.

An interesting alternate method,
the subject of this article, avoids all
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this, substituting instead the laying
down of pressure-sensitive, copper-
clad tape on pre-drilled boards. This
E-Z Circuit™ system by Bishop
Graphics. Inc., Westlake Village,
CA, is examined here.

The Materials

Pressure-sensitive materials used
with E-Z Circuit come in the form of
copper patterns that are laminated to
a thin layer of epoxy-fiberglass sub-
strate. The underside of the substrate
is coated with a special adhesive that
is protected by a release liner. The ad-
hesive is formulated to provide both
good shelf life (as long as the release
liner hasn’t been disturbed) and good
adhesion when the liner is removed
and the pattern is placed on anappro-
priate circuit-board substrate. Pat-
terns can be interconnected with cop-
per tapes of various widths. The
tapes have no substrate; instead, the
adhesive is applied directly to one
side and is protected by a peel-away
release liner.

Adhesion of the patterns and tapes
increases with time up to about 48
hours after the liner is removed and
the materials are placed on the circuit
board material. After 48 hours of
curing, adhesion is approximately
twice as good as it was after one hour.
A pattern or tape can be removed and
repositioned up to 24 hours after it
has been applied to a circuit board.
However, patterns removed after
about 24 hours are generally no lon-
ger reusable, since their adhesion will
have diminished to near zero.

Pressure-sensitive patterns and
tapes will bond to most epoxy-glass
circuit-board materials. However,
they will not bond to Teflon or un-
treated polyolefin boards. So keep
this in mind when you’re planning to
translate a circuit’s conductor pat-
tern to a working board design.

Many types of pressure-sensitive
patterns are available (see Fig. 1), in-
cluding pads for ICs and transistors,
donuts for terminating a copper-con-

A
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100 (2,54mm) Typ. C-C Spacing.

020 (0,51 mm) Clearance Typ.

Fig. 1. Many types of pressure-sensitive patterns are available, as demonstrat-
ed by the small sampling shown here.

ductor run, and various tapes rang-
ing in width from 0.015" to 0.250".
You’ll also find circuit board edge-
connector patterns for plug-in
boards, multiple parallel tapes on a
single substrate, power-distribution
strips, and many others. If you need a
special-purpose pattern that isn’t
available you can make your own by
cutting them from a sheet of cut-and-
peel copper, which also has the spe-
cial adhesive on one side.

Perhaps the most versatile pattern
in use today is the DIP strip popu-
larly used for dual in-line package
(hence the DIP acronym) integrated
circuits. Such strips contain two con-
tinuous rows of pads spaced on 0.1"
centers and with 0.3” spacing be-
tween the rows. Each pad can have
two, three or four holes.

DIP strips can be cut to the lengths
needed for use with 8-, 14-, 16-, 18-,

and 20-pin DIP ICs, as well as for
DIP-type bridge rectifier assemblies
and optocouplers that require only
four pads. They are equally useful
for mounting DIP switches and DIP-
type resistor arrays. The double- and
triple-hole strips can be very useful
where two or three components must
meet. Also, these strips can be used as
termination points where a row of re-
sistors and/or capacitors must mate
with wires leaving the board.

For 24- to 40-pin ICs, there are
strips available with the 0.6” row
spacing required for these devices.
However, if you don’t anticipate
heavy use for these strips and prefer
to save the expense of stocking them,
the narrower DIP strips can be cut
down the center and manually spaced
when you do need them.

Even if you’re committed to point-
to-point wiring, the pads alone will
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greatly simplify the task of obtaining
good, reliable connections to IC and
socket pins. While it costs more to
use self-adhering patterns than to go
strictly the point-to-point wiring route,
it costs less than going the make-it-
yourself printed-circuit board route.
As compared to wire-wrapping cir-
cuits, it’s easier to trace when trou-
bleshooting and much simpler to
make making last-minute changes in
the circuit.

Planning The Layout

The procedure for planning the cop-
per tape-and-pattern layout of a giv-

en circuit is much the same as that for
a printed-circuit layout. If you’re
laying out a project of your own de-
sign, it’s a good idea to first assemble
the circuit on a solderless socket and
check out its operation to be certain it
performs as you want it to.

The next step is to redraw the sche-
matic diagram with the ICs and tran-
sistors shown as they appear on the
conductor side of the board, assum-
ing this is available. Keep in mind
that pinout diagrams are invariably
top views for ICs and usually bottom
views for transistors. Keep in mind
when the IC is on the board and is ex-

amined from the conductor side, its
image will be reversed.

Since many circuits use multiple-
device ICs nowadays, we’ll use one
such as our design example. In the
schematic diagram, the triangles that
represent the single sections of aquad
op amp (Fig. 2) are placed to give the
simplest, easiest-to-follow circuit.
When the circuit is converted to this
new format as shown, it may not look
simple at all from the circuit board
component layout point of view. The
schematic layout in Fig. 2 has been
planned for maximum simplicity,
while Fig. 3 shows a conductor layout
for the circuit.

When working out the first crude
layout of a circuit’s conductor pat-
tern, one of the limitations of the
tape system may be encountered—in-
sufficient space to run a trace be-
tween two pads. A common practice
in photochemically produced pc
boards, where the pads are made very
narrow, you won’t normally be able
to do this with pressure-sensitive ma-
terials. However, if there’s an unused
pin on an IC that doesn’t have to be
grounded or tied to B + (asin the case
with all CMOS and some non-CMOS
devices), the pad for that pin can be
trimmed away to leave a space wide
enough for two narrow tape runs, as
shownin Fig. 4. If youshould do this,
make sure to cut away the corres-
ponding pin from the socket or IC so
that it doesn’t protrude through the
hole and contact the tape.

Tape runs down the center be-
tween the rows of pads spaced 0.3"
apart are generally limited to three or
four, using the narrower tapes. Pat-
terns with 0.6 " spacing between rows
of pads have more space and, thus,
accommodate a greater number of
end runs. Keep these points in mind
as the layout develops.

Note in Fig. 3 that many tape runs
don’t terminate in donut pads. This
occurs when several tape runs end
side-by-side and are spaced 0.1"
apart. Since only very small donut
pads could be used in such a case,

20 / MODERN ELECTRONICS / March 1985

WWW-americanradiohistorv-com


www.americanradiohistory.com

soldering is much simpler if you
puncture the end runs with a darning
needle through the underlying holes.
Note also in Fig. 3 that considerable
use has been made of two-hole pads
snipped from a DIP pattern.
Although Fig. 3 is a view from the
conductor side, the components are
shown in the positions they would
normally occupy on the other side of
the board. This has been done here to
aidinrelating Fig. 2 to Fig. 3. Normal
practice when showing component
placement gives a component-side
view of the board assembly. If such a
diagram is needed, it can be derived

from the conductor-side pattern
simply by laying the latter wrong side
up on a piece of glass, shining a light
through, and tracing the pattern onto
a sheet of paper. Then all you need do
is add the components to the tracing.

When you use pressure-sensitive
materials, you can frequently avoid
the need for jumper wires. Pressure-
sensitive tape is available in various
widths. When snipped to size and ap-
plied over existing conductors, you
can bridge the conductors with cop-
per tape to obtain insulated and me-
chanically stable crossovers (Fig. 5)
without having to resort to tradi-

Fig. 3. This is the conductor pattern for the partial circuit shown in Fig. 2.
Note that IC1 plugs into the double row of pads in the center of the drawing,
between resistors R9 and R12. This is not a practical circuit for you to build.
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tional wire-in jumpers. This techni-
que will usually suffice, except in
high-frequency circuits and especial-
ly with wider tapes. (Where the tapes
cross, a tiny capacitor is formed and
at high frequencies could cause un-
wanted coupling between traces.) If
in doubt, use a standard wire jumper
on the component side of the board.
Beneficially, if a wide positive supply
tape crosses a wide ground bus tape,
a small r-f bypass effect is obtained.
Figure 5shows an insulated crossover.

The final drawing of the scale lay-
out for the patterns and tapes will be
easier to draw if the work is done on
grid paper, preferably with a 0.1”
spacing. It will be easier still if you
work two times actual size. A large-
scale equivalent of standard perfo-
rated board can be made by placing
ink dots every 0.2 " horizontally and
vertically onthe grid paper. There are
also film substrates with grids avail-
able from the copper pattern manu-
facturers and their distributors.

Working on a dotted grid will
make it easy to determine if there will
be room on the final board for the va-
rious components and how much
space will be needed between each.
For example, a standard Y4-watt re-
sistor will require five holes spaced
0.1 "apart (one hole for each lead and
three holes for the resistor body). If
the same resistor is mounted on-end,
you may need no more than 0.2 " of
space. For other components, simply
measure their bodies, taking into ac-
count lead requirements, and size
your layout accordingly.

Projects using this system are easi-
est to wire if you use perforated board
with 0.1 ” spacing between holes. At-
tempts to place a set of patterns and
tapes on a nonperforated board blank
can be disastrous, since you must
drill holes through the holes in the
patterns. Unless you use exactly the
correct size bit and get the bit exactly
on-center, the patterns and tapes will
almost invariably ‘‘climb’’ the bit,
perhaps even taking with them adja-
cent tapes and patterns.

[hiiimanasee = =SS == =l e ]
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Fig. 4. How to route one or more conductors between IC pins. Use this tech-
nique only if unused IC pins do not have to be tied to B+ or ground.

When your layout is satisfactorily
drawn on grid paper, simply transfer
it to the perf board blank by counting
holes horizontally and vertically.
You will find that your tape layout is
equivalent to a printed-circuit pat-
tern. It can, in fact, be used for pho-
tochemical pc work at a later time
should the need arise. Also printed-
circuit layouts provided in electron-
ics magazines can be duplicated using
the tape-and-pattern system. If runs
are shown between IC pins, however,
some modification of the etching-
and-drilling guide may be necessary.

Fig. 5. Insulated crossover, shown to right of IC pad, obvi-
ates need for a physical wire jumper in many cases.

This could be as simple as using a
couple of jumpers. Be aware, how-
ever, that where a construction proj-
ect has a supplier for the pc board,
it’s simpler, less time-consuming and
usually less expensive to purchase the
ready-made board, especially if it’s
very complex.

Another method of board con-
struction uses cut-and-peel copper
sheets. Applying a copper sheet to a
board blank allows you to draw the
conductor pattern directly on the
copper and to use an X-acto™ knife
to cut away unwanted copper. This

method, however, should be confined
to simpler circuits, such as a power
supply, and be used in conjunction
with standard prefabricated patterns.

Tape runs must follow straight
lines and various angles—but no
curves! Don’t attempt to bend a tape
into an arc, no matter how narrow
the tape or shallow the arc. This isn’t
really a handicap, because most rout-
ing required can be produced with a
series of wide angles at the expense of
a few extra solder joints. While 90°
patterns are available, they do add an
extra joint and increase cost.

Getting It Onto The Board

If you prepared a 1:1 or 2:1 drawing
of the required pattern, assembly will
go very quickly. The drawing should
have a frame around it to define the
size and shape of the final board (and
that takes into account the needs of
mounting hardware). Get the DIP
patterns in place first. Count the
number of holes from a reference
corner in both directions in your dia-
gram to determine where to place the
first pattern, aligned with the same
hole on the board.

To aid in registering patterns, in-
sert a bulletin-board push-pin into
the reference hole from the compon-
ent side of the board. If you don’t
have a board-holding jig or vise, push

(Continued on page 80)

Fig. 6. Shown here is one way to get the release liner start-
ed. Use sharp-pointed tweezers for handling patterns.
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Audio

By Len Feldman

ntil more recent years, speak-

er-system designing was as

much an art as a science. The
Bose Corporation was among the
pioneer science-ordered speaker de-
velopers, led by Dr. Amar Bose, an
MIT professor. Moreover, the com-
pany has a history of breaking with
traditional designs. So it was with a
heightened sense of expectation that
I traveled to the company’s head-
quarters at the invitation of Dr. Bose
to learn about its newest product.

Seated in one of Bose’s audio/vis-
ual presentation rooms, together
with a group of reporters, a spectacu-
lar slide-sound show unfolded. The
room-filling sound associated with
the presentation appeared to be com-
ing from four Bose 901 speakers—no
surprise, since these speaker systems,
in their latest incarnation, are still the
mainstay of the Bose line of direct-re-
flecting systems. At the conclusion of
the meeting, however, hollow covers
designed to simulate Model 901 en-
closures were lifted away, unmasking
an altogether different product—
high fidelity component systems
packaged in a unitary form.

Each system contained an AM/
Stereo FM tuner, a cassette tape deck
and the new product development, a
speaker system dubbed an ‘“Acoustic
Wave Sound System.’’ The entire
stereo system surprisingly occupies
less space than a single 901 speaker
system, measuring only 18 "W x 6 "D
(max.)x 11 ”"H. It weighs around 18
Ibs. and, when fitted in an optional
carrying case that contains a set cf
batteries, can be operated solely
from this power source. The system
carries a suggested retail price cf
$650.

Design Philosophy

A thrust of Bose’s design quest over
the years has been to achieve realistic
sound with properly reproduced low
bass tones from a small speaker er-

closure. Coupled with this, he rea-
soned that true high-fidelity com-
ponents hadn’t penetrated a high
percentage of households due to the
large size of such systems on the
market. With the advent of inte-
grated-circuit technology, the elec-
tronic section of a system no longer
posed a problem.

To develop a satisfactory compact
system, therefore, only the speaker
system stood in the way. To meet this
criterion, Dr. Bose and his staff pur-
sued new speaker-design ap-
proaches, resulting in the Acoustic
WaveTM Music System introduced
recently and discussed here. The
name of the system is based upon the
waveguide technology that it uses.
Combined with a receiver and a cas-
sette tape deck, the small system
modifies our thinking about the rela-
tionship of size to sound-reproduc-
tion quality.

The Acoustic Wave Principle

Waveguide technology, normally
employed for transmission of super-

high-frequency radio waves in the
Gigahertz frequency region, is fun-
damentally different from that of
“‘lumped parameter’’ designs such as
those used in the design of bass reflex
or acoustic suspension (sealed box)
speaker enclosure designs. Inside the
waveguide, air does not behave as a
single, lumped mass or compliance.
Instead, the system is designed so
that standing waves are deliberately
developed.

These standing waves act to im-
prove efficiency and to reduce re-
quired speaker cone motion over a
wide frequency range. The higher ef-
ficiency results in lower amplifier
power requirements, while the re-
duced cone motion results in greater
acoustic power output combined
with lower distortion.

In its simplest form, a waveguide
enclosure consists of two chambers
or acoustic ‘‘waveguides,’’ with the
speaker driver itself located at a pre-
cisely calculated point between the
two waveguides. The front and rear
waveguides operate so that the sys-

Fig. 1. This is an illustration of the Bose AWMS-1 system enclosure.
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Fig. 2. This diagram illustrates, in simplified form, the actual waveguide
structure used in the Bose Acoustic Wave Music System.

Fig. 3. Shown here is the approximate path followed by sound waves in the
AWMS-1I as they reflect from each wall of the waveguide structure.
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tem can accomplish cone velocity
amplification and cone motion re-
duction over a wide frequency range.
Another way of looking at the
principle is to think of a pipe organ.
In that instrument, each of the pipes
is ““tuned’’ to a specific frequency.
When a small volume of air is passed
over the opening of each pipe, the
resonance effect of that pipe ‘‘ampli-
fies’” the note to which the pipe is
tuned. As a result, a large volume of
air (and hence a loud sound) is set in
motion at the output of the paper. An
electrical analogy is the familiar
‘“‘resonant circuit’’ that’s used to
“‘tune’’ radios to incoming r-f signals
and to sustain oscillations in oscilla-
tor circuits of all kinds. Another fa-
miliar analogy, from the world of
mechanics, is the clock pendulum.
Resonant organ pipes, resonant elec-
trical circuits, and mechanical pen-
dulums all produce a large amount of
energy compared with the energy re-
quired to sustain their oscillation.
Unfortunately, each of these de-
vices can produce only one frequen-
cy. Their “‘amplification’’ effect is
known, technically, as their “‘Q,”’
and all of these devices have high
“QQ” numbers. If you want to have
these devices respond to a broader
range of frequencies, you would have
to lower the Q, thereby losing the
amplification effect. What Dr. Bose
and his engineers discovered is that,
contrary to earlier theory, it is possi-
ble to have a ‘high-Q’’ pipe that s, at
the same time, broadband in its fre-
quency characteristics. In other
words, it’slike creating a single organ
pipe that is responsive not just to one
note, but to perhaps as many as three
or four octaves worth of frequencies!
The simple waveguide just de-
scribed requires additional featuresif
it is to be used in music reproduction
applications. First, the length of the
two waveguides must be in the precise
ratio of 3:1. The ends of the two
waveguides must be at the proper dis-
tance from each other to provide
proper radiation impedance at each
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opening, as illustrated in Fig. 1.
Higher-frequency modes must be
suppressed by appropriate shaping
of the waveguides. Finally, speaker
driver parameters must be precisely
calculated so that as the waveguides
develop  “‘standing waves’® that
amplify diaphragm or cone velocity,
the diaphragm motion itsclf is auto-
matically and proportionately re-
duced. This reduced diaphragm mo-
tion compensates for the cone veloc-
ity amplification, and results in
uniform power radiation with chang-
ing frequencies.

The actual waveguide structure
used in the Acoustic Wave Music Sys-
tem is shown in simplified form in
Fig. 2. Each waveguide section has
been folded to meet the requirements
outlined earlier, and the speaker
driver itsclf has been positioned so
that the two waveguide sectionsare in
therequired 3:1 length ratio. Figure 3
shows the approximate path followed
by sound waves from each side of the
following.

In the waveguide system, the wave
reflects almost perfectly from the
opening and travels back toward the
speaker cone. Since there is virtually
no damping in the structure, a stand-
ing wave is built up. Therefore, what
you have are waves in both wave-
guides traveling in both directions
(away from the cone and towards it)
at all frequencies at which the system
operates. These standing waves pro-
vide the velocity gain and the reduc-
tion in cone motion that enables the
system to perform as it does.

The Rest of The _Sj'st_eTn

Good bass alone does not a high-
fidelity system make. The waveguide
enclosure in the actual system now
being offered by Bose works for fre-
quencies up to 500 Hz. Mid-high fre-
quency drivers are used for the re-
mainder of the audio spectrum, and
each of these mid-high frequency
drivers is powered by its own small
amplifier, separate from the single

AN AUDIO PIONEER

The chairman of Bose Corporation,
Amar Bose, has set the audio community
on its end more than once since he in-
troduced his revolutionary 901 Direct/
Reflecting® speaker system in 1968.
Around that time I remember being
seated next to him at an annual Audio
Engineering Society convention dinner
(Ray Dolby, inventor of the Dolby
noise-reduction system, was at my other
side). He told me about his work as a
professor at world-famous M.I.T.,
where he taught acoustics and was in-
volved deeply in psychoacoustics,
which he had applied to the design of his
new speaker system.

He talked about creativity, inventive-
ness, and his deep interest in music.
Dolby, whose professional noise-reduc-
tion system I had just covered editorially
in a series of articles in Audio, was
drawn into the conversation. Both men

regaled me with more information than
I could ever digest about their products,
of course, and 1 wondered if their en-
thusiasm would carry over to some de-
gree of business success. As history has
shown, it obviously did.

Some years later | visited Bose in his
new headquarters atop a high hill called
““The Mountain’’ in Framingham, MA.
The facilities were extraordinarily im-
pressive, down to the tranquil, pastoral
scene below.

Obviously research-oriented by train-
ing (Sc.D. in Electrical Engineering
from M.I.T., and supervising graduate
and undergraduate thesis students at
M.I.T. where he’s a Professor of Elec-
trical Engineering and Computer
Science) and industry research work
(such as for a prosthetics project at Mas-
sachusetts General Hospital that led to
the Boston Arm), hiscompany gathered
one of the most advanced acoustical en-
gineering groups in the world, it is said.

Using electronics to compensate for
deficiencies in loudspeakers, he carved
out new audio paths. This concept was
extended in 1982 when, in a joint effort
with General Motors and Delco Elec-
tronics, the first automotive sound sys-
tem where speakers and amplifiers were
acoustically customized to individual
car models was introduced . . . tocritical
acclaim.

Bolstering the foregoing, Bose formed
the Bose Music Society to offer audio-
phile-quality  prerecorded cassette
tapes, which includes a Private Perfor-
mances Collection for car stereo owners.

Breaking new audio ground once
again with the Acoustic WaveTM small
music system discussed in the main arti-
cle, adds another important technical
innovation to the credit of this audio in-
dustry pioneer.—Art Salsherg.

low-frequency driver. This is shown
in the block diagram of Fig. 4. The
use of an electronic crossover mini-
mizes phase and amplitude matching
problems normally associated with
passive crossover nectworks. The
acoustic waveguide functions as a
low-pass filter, thereby reducing ra-

diation of distortion by the low-fre-
quency driver, and no low-frequency
energy needs to be handled by the
high-frequency amps and speakers.
Despite the small size of the system
and the use of a single driver for bass
frequencies, stereo effect obtained
with the AWMS-1 (the model num-
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ber given to this first product em-
ploying the new principle) is quite
satisfactory. Thisis due in part to the
fact that low frequencies are virtually
non-directional in any case, and also
to the positioning and outboard an-
gling of the mid-high drivers.
Controls have been simplified to
the utmost, in keeping with the origi-
nal goal of creating a system that
would not intimidate the typical
music lover who wants good sound
without complexity of operation.
Dynamic  equalization  provides
proper tonal balance at all listening
levels. Tape playback equalization is
automatic, thanks to internal sensing
of tape type being played. The built-
in cassette recording capability has
been optimized for type Il (chromeor
chrome equivalent) cassette tape with
Dolby noise reduction always active.
The tuner is a quartz frequency syn-
thesized type, with provision for pre-
setting 10 favorite station frequen-
cies (5 AM and 5 FM) for recall.
There are auxiliary line input and
line output jacks on the unit, for con-
nection of additional program sources
such as a Compact Disc player or an-
other tape deck, if desired. In addi-
tion to being able to operate the sys-
tem when it is powered from an op-
tional battery pack, it can also be

powered by a car battery. Maximum
acoustic output is in excess of 100 dB
SPL (Sound Pressure Level)—more
than enough to enjoy music at home
at lifelike loudness levels.

Conclusion

The only relevant specifications that
Bose reveals concerning the
AWMS-1 are its maximum acoustic
output (which, as previously stated,
is better than 100 dB SPL) and that
the system will operate for about 10
hours when it is powered by alkaline
flashlight batteries.

The notable absence of technical
specifications is consistent with
Bose’s original goal of creating a
music reproducing system that will
appeal to non-technical music lovers
who have, up to now, resisted buying
conventional audio components be-
cause the process of purchasing and
assembling was overly complex.

Aside from this, Dr. Bose has al-
ways decried raw technical specifica-
tions as not accurately representing
the quality of high-fidelity equip-
ment, to the consternation of many
audio equipment reviewers.

Nonetheless, technical tests can be
made on any equipment, if numbers
are the name of the game. In the case
of the new AWMS-1, the speaker sys-

tem goes very smoothly down to a re-
spectable 50 Hz, which is remarkable
for a system its size. The overall
sound quality it reproduces is im-
mensely satisfying. Its stereophonic
effect is fairly good, given the limits
of the speakers’ fixed positions.

Aside from its music-reproducing
capability, this is a highly versatile
product. For example, the integrated
entertainment center can be used vir-
tually anywhere one wishes to enjoy
high-performance stereo. Since it’s
about the size of the proverbial
breadbox, the modernistic-looking
all-in-one system can even fit com-
fortably on a kitchen counter. It can
also be used in a vehicle or boat with
an adapter. Furthermore, the
AWMS will serve well outdoors
when armed with an optional battery
pack. And since it can be easily
transported, it’s inviting to use this
portability.

In essence, then, Bose’s new
Acoustic Wave Sound System may
well be the answer to the mass of
music lovers who want excellent
sound reproduction from a system
that occupies little space and who will
give up the flexibility of separate
components and that extra measure
of performance issued by larger,

more costly equipment. ME
CIRCLE NO. 131 ON FREE INFORMATION CARD
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il PHIUPS WESTON @ Non-Linear Systems lg;—_ttm] m Em

4'2 DIGIT
MULTIMETERS

34901

MODEL
8060A

,K PRECISION

77

¢ 0.3% Accuracy

¢ Manual or
Autorange

* 10A + mA Range
¢ Beeper

¢ “Touch-Hold”
Function

WE CARRY A FULL
LINE OF FLUKE
MULTI-METERS.

IN STOCK NOW

Sale ends April 85

« Frequency measuements to
200KHz

e dB measurements

* Basic dc accuracy 0.4%; 10uV,
10 nA and 10 m() sensitivity

* Relative measurements
* True RMS
* High-speed Beeper

POWER SUPPLIES

rﬁ@!

MODEL

299%  “ieor

¢ Isolated 0-50VDC, continuously
variable; 0-2A in four ranges

* Fully automatic shutdown,
adjustable current limit

* Perfect for solid state servicing

189

* Sine, square and triangle output

¢ Variable and fixed TTL outputs

¢ 0.1 Hz to 1MHz in six ranges

* Push button range and function
selection

* Typical sine wave distortion
under 0.5% from 1 Hz to 100kHz

*329% wmooeL 1650

* Functions as three separate
supplies

¢ Exclusive tracking circuit

» Fixed output 5VDC, 5A

* Two 0 to 25VDC outputs at 0.5A

* Fully automatic, current-limited
overload protection

FUNCTION GENERATORS

MODEL

3020 831 g o

SWEEP FUNCTION

¢ Four instruments in one package
— 3weep generator, function
gererator, pulse generator, tone-
burst generator

e Covers 0.02Hz-2MHz

¢ 1000:1 tuning range

¢ Low-distortion high-accuracy
outputs

'FLUKE

SERIES

MULTIMETERS -

e Analog Display ¢ Rotary Knob ¢ Volts AC &
DC ¢ Resistance to e 32 MQ2e 10 Amps * Diode
Test ¢ 3200 Counts ¢ Fast Autoranging ¢ Function
Annunciators in Display * Power-Up Self Test

e 2000 + Hour Battery Life w/ Power Down

“Sleep

Mode” e New Test Leads ¢ VDE & UL Approval

39900

37995

¢ 0.5% Accuracy

e Manual or
Autorange

* 10A + 300 mA
Range

¢ Beeper

PR
[CISION INDUSTRIAL

TRANSISTOR
TESTER

1999

MODEL
5208

8 Now with HI/LO Drive

® Works in-circuit when
others won't

a8 |dentifies all three tran-
sistor leads

® Random iead connection

® Audibly and visually in-
dicates GOOD transistor

=

$19995
MODEL 830

8 Automatically mea-
sures capacitance
from 0.1pF to 200mF

8 0.1pF resolution

8 0.2% basic
accuracy

8 3% digit LCD display

CAPACITANCE METERS

and free C70
holster 73

¢ 0.7% Accuracy
e Autorange Only
¢ 10 Amp Only

By
70 MHz Dual Time Base

SCOPE MODEL

I‘ = 1570

4 oy * 4
e
e s 00

PRICE DOES NOT
INCLUDE PROBES

* 1mv/division sensitivity to 70
MHz

* 500 4 V/division cascade
sensitivity

* Four-input operation provides
trigger view on 4 separate inputs

* Alternate time base operation

* Switching power supply delivers
best efficiency and regulation at
lowest weight

31 5995

MODEL 820

® Resolves to 0.1pF

® 4 digit easy-to-read
LED display

8 Fuse protected
against charged
capacitors

® Overrange indication

TOLL FREE HOT LINE

800-223-0474

26 WEST 46th STREET. NEW YORK, N.Y. 10036

212-730-7030

ADVANC
ELECTRONIC
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IF YOU WANT TO GET
YOUHAVETO GETINTO

Learn PC Servicing By Building Your Own NTS/HEATH HS-151
Desk-Top Computer, Circuit-By-Circuit

NTS Intronic Home Training The NTS/HEATH 16-Bit HS-151
Takes You Below The Surface This desk-top PC is the most powerful and

NTS gets you right down into the versatile ever offered in any home training
heart of computer circuitry. You learn program. Check the advanced features
how microprocessors function, how listed below:
they are designed, how they operate 1. 128 KB RAM user memory on board,
and are used to solve problems. Your expandable to 640 KB
program includes a wide variety of 2. 16-bit 8088 Microprocessor accepts
tests and projects, as you assemble advanced software, speeds word pro-
your PC. You experience the ex- cessing; also allows selection from the huge
citement of seeing your own skills library of IBM software.
grow, the security of knowing you 3. 5.25-inch floppy disk drive, double
really understand what makes a density, IBM formatted, stores up to 360 KB.
computer tick. (Expandable to dual disk drive, and optional

AC . 10.5 MB hard-disk drive.)
PC grcit\e’r 1) 4. MS-DOS operating system, IBM compati-
ervicing : bility, make a wide choice of software
The world of computersis programs available.
ﬁonstantly %xfpand;)ng.l AIPRISENEIS 5. Four open IBM-compatible slots provide
f avte spre? rerzj utsm;ass todmar|1u- for future expansion, printer, modem, etc.
et IO maml e ISiyat MCEles Will accept most peripheral boards designed @

and scientific fields. Computer-aided — A
; : ; ' for IBM-PC. 5
design, engineering, and production . —g
have revolutionized drafting, 6. Two video outputs for color or mono- —r Sy
graphics, and prototyping. Computer chrome display monitor. Your NTS course $ / J :f |
sales figures point to a continuing includes a high resolution monitor displaying | A ‘.A;
need for service technicians as well 80 characters by 25 lines, or graphics. w " iy
as installation and maintenance 7. Editing capabilities help you insert or
specialists. The type of training you delete characters and lines, erase, jJump oOr
receive will largely determine your smooth scroll, etc. _
ability to take advantage of these Your NTS training course will teach you to
opportunities .... and nothing beats program on this outstanding PC, using
the practical, down-to-earth training lessons, texts, and diagrams to make full use
you get from NTS. | of its capabilities. Catalog contains complete
| details. I
Learning circuitry through the construction of this Field servicing is interesting and rewarding. The NTS/HEATH HS-151 PC completed, includes
equipment offers practical training for which there Technicians may work for a service company, monitor and full-function keyboard with calculatc

Is no substitute. Test equipment is included. manufacturer, or major users.

style keypad, and typewriter format.
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INTO PC SERVICING

AMICROCQ

. %
s to use test equipment such asa,
adigital mulmnc;er to check circuils
. Lessons and current texts
ram, emphasizing practrcal
princ

A

Instalfing the disk-drive in the PC is one cf the final stages in the assembly of the
microcomputer. Learning the use of test equipment to check circuits is an integral part
of the training which, with field experience, develops invaluable career skills.

WWW.americanradiohistorv.com

UTER

NTS COURSES COVER MANY
AREAS OF SPECIALIZATION
IN ELECTRONICS:

Robotics: Build the NTS/HEATH Hero 1
Robot as you learn robotic programming.
Robot is complete with arm and gripper,
voice synthesizer. Robotics is becoming
increasingly important in industry as almost
daily news features attest.

Video Technology: Build one of the most
advanced Color TV sets in America as you
learn circuit diagnostics, and the use of
digital test instruments. Course covers color
TV, video tape recorders, computer
fundamentals, solid-state devices.

Industrial and Microprocessor
Technology covers circuit analysis, micro-
processors and automation applications,
lasers, and basic industrial robotics.

TV & Radio Servicing is a specialized
course offering an excellent foundation in the
use and application of both analog and
digital test equipment as applied to the TV
servicing field. Learn circuits, adjustments,
trouble- shooting, and servicing of Color and
monochrome monitors.

Digital Electronics offers the student the
opportunity to get involved with computer
concepts, computer technology
fundamentals, and digital equipment by
training on the NTS Compu-Trainer.

Basic Electronics is a course designed
for those wishing to have an over-view of
electronics in many of its aspects including
radio receivers, solid state devices, and
electronic components.

NTS Intronic training programs include a
variety of superb equipment, most of which is
classified as field-type, making the training
practical and career oriented. Texts and
lessons have been tested in our Resident
School in Los Angeles to assure home study
students their courses of training are easy to
understand NTS, now in its 80th. year,
continues to be at the leading edge in
Electronics home training.

" IBM is a trademark of International Business Machines Corp
* MS is a trademark of Microsoft Corp.

If card is missing, simply write to the address shown below stating
the course you are interested in A FREE color catalog with all
details will be sent to you by return mail

NATIONAL
TECHNICAL
SCHOOLS

TECHNICAL TRADE TRAINING SINCE 1905

Resident and Home-Study Schools
4000 So. Figueroa St., Los Angeles, CA 90037
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Computers

The Commodore
Plus/4 Computer

. . . Is It Really A Plus?

Built-in application programs are a hallmark of
Commodore’s new Plus/4 computer. The author
explores its values, among other features, to a

prospective buyer.

By Eric Grevstad

he Commodore Plus/4 is a
solid, modest improvement
on the best-selling Commo-

dore 64, at a moderate price increase
($229 vs. $199). Its distinguishing ex-

ternal features are a new keyboard, a .

vastly better BASIC, and a snappy
black wedge-case as contrasted to the
64’s tan oblong-shaped case.

It also has a few built-in software
programs (word processing, data-
base, and spreadsheet programs, with
graphics for the latter), accounting
for the ‘4’ in its model name.

Since Commodore’s 64 computer
picked up the company’s leadership
crown from its low-cost, highly pop-
ular VIC-20 model, isn’t it natural to
look upon the Plus/4 as the 64’s suc-
cessor in an evolutionary chain?
Probably so, but at this time it’s not
clear of this is the case.

There are enough similarities and
important differences between the
newer Plus/4 and the C64, combined
with a blurry market picture, to con-
fuse the most astute buyer of a home
computer. Here is a close examina-
tion of the Plus/4 that will shed light
on where Commodore’s new baby

fits into the scheme of things. Before
doing this, however, let’s examine
the recent State of the Computer na-
tion that likely influenced the devel-
opment of the Plus/4.

In the early Eighties home com-
puter buyers were at first content to
get a ‘‘computer literacy’’ machine
that could be used to play video
games at a price not much more than
a standalone video game machine.
When demand turned to better edu-
cational software, modest word pro-
cessing, and even a disk drive addi-
tion, more capable computers such
as Commodore’s model 64 were de-
veloped.

By 1984, however, the home com-
puter had grown from an adolescent
into a yuppie. The prospective home
micro users became, pundits felt, as-
piring professionals eager to join
their elders in the business communi-
ty, as well as professionals who did
work at home. Accordingly, a com-
pany such as IBM introduced its
PC/r, a machine for all small com-
puting worlds that itself exhibited an
identity crisis —too much for most
homes, too little for most offices.
This was compounded by some seri-
ous shortcomings, most of which
have since been corrected.

IBM’s stumble gave Commodore
an opening, it appears. If the new
market resisted entry above (a
stripped-down IBM PC), how about
a machine coming from below (a
souped-up C64)? So now Commo-
dore has a new machine that has yet
to find a firm niche for itself.

Familiar Hardware

The two most important specs shared
by the Plus/4 and the C64 are un-
changed: the same 64K memory and
the same 8-bit microprocessor.
Though the Plus/4’s MOS Technolo-
gies CPU is called a 7501, it uses the
same instruction set as the 6510 in the
C64 (which, in turn, matches the
classic VIC-20 and Apple 6502 save
for eight extrainput/output lines. In-
terestingly, the Plus/4’s manual
makes repeated references to 6502
code, and an appendix recommends
several books on 6502 programming).

The Plus/4 has some architectural
improvements over the C64. For in-
stance, its BASIC can access an extra
21K of RAM that’s reserved for ma-
chine-language instructions in its
cousin (starting in BASIC, there’s a
spacious 60,671 bytes available to the
C-64’s 38,911). A new communica-
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tions chip governs a rea/ RS-232C in-
terface, though Commodore’s uses
nonstandard voltage levels (0 to +5
rather than — 12 to + 12 V) for the
standard protocol. Like the C64, the
Plus/4 won’t connect to non-Com-
modore peripherals such as cassette
recorders or printers.

Two changes befitting the Plus/4’s
more businesslike image actually re-
move popular C64 features. There’s
the same 25-line, 40-column display
and 320- by 200-pixel resolution, but
the Plus/4 has no sprites (movable
graphic blocks). This makes game-
style animation difficult to achieve.
With the C64’s eight sprites, you
could create a pattern of up to 24 by
21 dots (a spaceship, say) and move it

as a whole; with the Plus/4, you’ll
have to erase and relocate each dot
separately.

Similarly, the Plus/4’s sound cap-
abilities are comparable to those in
other micros: two square-wave
voices, with pitch and duration set
from BASIC. But the C64’s ac-
claimed SID (Sound Interface De-
vice) chip, a true music synthesizer
offering four waveforms, three fil-
ters, and attack/delay/sustain/re-
lease (ADSR) tone control, is gone in
the Plus/4!

Ports and Peripherals

Both models connect to a wide range
of accessorieis and options as long as

you stick to the house brand. The
Plus/4’s right side holds the ON/OFF
and RESET switches, while its left has
achannel selector and r-f jack for the
antenna switchbox used with TV
sets; the rear has seven 1/0 ports plus
the power socket. (The computer
plugs into an external power supply,
the size and weight of a brick, that
plugs into your wall outlet.)

Besides the RS-232C port, suitable
for a Commodore modem or a volt-
age adapter, there’s a C64-type serial
bus for printers or the famously slow
1541 disk drive (around $250). The
1541 stores 170K of data on a 5% "
floppy; C64 owners have learned to
be patient about retrieving any. For
example, a 6K text file (three double-
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spaced pages) loaded in 18 seconds,
or 338 bytes per second.

Plus/4 owners, however, can hope
for faster times from Commodore’s
forthcoming (early 1985) 1551 paral-
lel drive, which will use the micro’s
cartridge expansion port. There’ll be
cartridge software, it’s reported, and
tape users will find a cassette port.
Unfortunately, the latter, like the
Plus/4’s two joystick ports, isincom-
patible with its C64 equivalent. Com-
modore offers a special Plus/4 Data-
cassette and joystick, about $60 and
$20, respectively. (Commodore prices
always leave a lot of leeway for
dealers).

The final socket on the Plus/4’s
stern is for a video monitor such as
Commodore’s popular 1702 or the
new, black-cased 1802 (primarily
cosmetic differences, at the same
$250-$300 price). A monitor will give
the sharpest display, but the Plus/4
worked quite well with my color TV
after 1 fiddled with the latter’s hori-
zontal hold. Characters on the TV
screen looked smaller and squatter,
but in fine focus.

A Better Keyboard

The new machine’s keyboard is no
match for those of desktop comput-
ers (they have real insert keys instead
of shift-delete), and a slight toy-pia-
no feel handicaps its otherwise ade-
quate touch typing. Still, it’s very
good—an improvement on the C64’s,
already one of the better keyboards
in its price range.

The most useful change is the
Plus/4’s compass of four cursor
movement keys, replacing the C64’s
two (left and up sure beat shift-right
and shift-down).

The fouur function keys are hori-
zontally above the main rows rather
than vertically along the right; as on
the C64, they serve eight functions (a
bit awkwardly, as the unshifted keys
are F1, F2, F3, and F8 and the shifted
ones are F4 through F7). Pressing F1
starts the built-in software, while

Computing Under 5304

Commodore

Plus/4 64

Commodore

CPU (all 8-bit) 750 6510 6502C 6809E
Total RAM 64K 64K 64K 64K
User RAM 60K 39K 40K 24-32K*
ROM 32K 20K 24K 16K
Display 25 x40 24 x40 24 x 40 1632
Graphics 200 x320 200 x 320 192 x 320 192 X 256
resolution
Colors % 16 <8 168 16 X 16 9x1
luminances
Sprites No Yes Yes No
Keys 67 66 62 53
Sound 2 voices, 3 voices, 4 voices, 1 voice,
4 octaves 9 octaves 314 octaves 5 octaves
Built-in
application
software Yes No No No
Price $299 $199 $119 $199
*Depending on graphics mode

Radio Shack
Color Computer 2

Atari
B00X L

F2-F8 are preprogrammed with use-
ful BASIC statements like List and
Help (which highlights syntax
errors); you can reduce them in your
own shorthand, up to an average of
16 characters apiece.

Following Commodore PET and
C64 practice, most keys supply four
characters (upper- and lower-case
letters and two graphics symbols);
with the Plus/4 in uppercase/graph-
ics mode, pressing the shift key anda
letter produces one symbol, while the
Commodore key and the letter sup-
ply the other. The number keys work
with the control and Commodore
keys to change text among 16 colors,
if you’re too lazy to learn BASIC’s
Color command (though the latter
lets you choose among eight lumin-
ances, giving a 128-color total).

Basic 3.5 Rates a 10

The Color command will be a boon
to casual programmers; C64 hackers
are used to Poke 53280,5 to turn the
screen border purple, but Color 4,5 is
infinitely easier for the rest of us. It’s
just one illustration of the Plus/4’s
built-in Basic 3.5, a splendid exten-
sion of the C64’s skimpy Basic 2.0

(some of it available in optional C64
expanders). Not only is there more
room to write programs, there are
over two-dozen new commands to
write them with.

It’s clear Commodore’s paid at-
tention to the two languages current-
ly unsettling BASIC on its throne:
some of the new commands make
graphics almost as easy as Logo,
while others provide structured pro-
gramming tricks inspired by Pascal.

The former group includes some
functions previously relegated to
complex Poke commands, such as
Sound, Volume, Color, and Graphic
(which controls five display modes
for text, high-resolution and half-
resolution multicolor graphics, and
split screens for combinations).
Others like Draw, Box, Paint, and
Circle (which also creates triangles,
ellipses, and octagons) let you sketch
and color shapes with ease.

Non-graphics programmers will
appreciate 3.5’s Pascal-like Do,
Loop, Until, While, and Exit state-
ments, along with an Else to simplify
If . .. Then constructs. Debuggers
will applaud the error-trapping and
trace mode routines, and machine-
language programmers will be de-

_#
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““The word-processor screen shows only 37 characters’’

lighted to find a built-in monitor with
15 commands to examine and modify
memory contents, and assemble and
disassemble 6502 code.

And nearly everyone will benefit
from a third group of extra com-
mands, taken from Commodore’s
CBM desktops and making disk use
endlessly easier—commands like
Backup, Header (for formatting),
Dload (as opposed to specifying the
drive device number with Load.8)
and Directory (instead of Load
““$>?,8:List).

When you consider that Dload,
Dsave, and Directory are prepro-
grammed on function keys, disk con-
venience alone is almost worth the
$100 extra. With the Model 1551 fast
drive, Plus/4 users will leave C64s in
the dust.

Integrated Applications

If BASIC 3.5 is good, 3-Plus-1 is less
appealing. The latter is Commo-
dore’s name for the Plus/4’s built-in
applications: word processing, data-
base, and spreadsheet programs, with
bar-chart graphics for the last. Even
as someone used to more costly PC
software, I grew to admire the pack-
age’s versatility. Versatility is not the
same as performance, however.

The programs do a first-rate job of
sharing data, but only a fair job of
getting work done. They’re good in-
troductions, but no substitute for
separate cartridge or disk programs;
if the VIC-20 taught computer lit-
eracy, 3-Plus-1 teaches applications
literacy. Beginners will learn a lot
from the manual’s excellent overview
of concepts to advanced integrated
software maneuvers like swapping
spreadsheet rows into a text file. On
the other hand, they won’t learn
about elementary things like word
wrap or adequate editing functions.

Running 3-Plus-1 is simplicity it-
self. From BASIC, pressing F1 and
the return key puts you in the word
processor; once there (or anywherein
the program), pressing Commodore-
C toggles a command mode.

Most commands are simple two-
letter ones: entering TC transfers you
““To Calculations”’ (the spreadsheet),
TF to the file manager, TW back to
your words. The HA and FU com-
mands let you choose half- or full-
screen displays for spreadsheets and
text, giving a useful split screen or
window.

In all applications, the CA com-
mand brings a catalog or directory of
the current disk. It’s a handy feature,
but it shows how 3-Plus-1 will disap-
point those who thought $299 bought
a fully usable system: except for
quickly creating and printing short
files, the word processor and spread-
sheet need a disk drive, and the data-
base won’t work without one.

The Bad Word

The word-processor screen shows
but 22 lines of 37 characters each,
plus a bottom ruler of dots (asterisks
show where you’ve set tabs) and a
gauge indicating the cursor’s line and
column position. That’s a small dis-
play, but acceptable—or it would be,
if text wrapped onto the next line
once you’ve typed a string of more
than 37 characters.

Instead, the screen serves as a win-
dow, scrolling horizontally like a
theatre marquee for up to 77 columns
(a document can fill up to 99 of these
long lines before exhausting mem-
ory). That’s unnerving, since each
time you do start a new line you can’t
see the last half of the last one. But
even that might be all right if 3-Plus-1
wrapped words as real word proces-
sorsdo. Nope. A line breaksat 77 col-
umns, whether it’s the middle of a
word or not; the result is as hard to
read as anything I’ve seen. Docu-
ments are word-wrapped when print-
ed—even right-justified if you like—
and you can set printout margins or
line lengths with imbedded com-
mands, typed in reverse video and
punctuated with semicolons and col-
ons (lmargl0;:rmarg74;). But on
screen, it’s a jumble.

As for editing, there’s no insert

mode; new text writes over old, and
carriage returns destroy everything
right of the cursor (though Commo-
dore-@ recovers the lost text). You
must either insert or delete whole
lines or one character at a time—and,
unless you go through a tricky riga-
marole of inserting pointers to limit
the affected area, inserting or delet-
ing anything moves everything below
the change, skewing lines from the
left margin and hopelessly screwing
up you file.

Despite such flaws (the manual
boasts ‘‘every needed function . . .
the essential features found in all
word processors’’), the rest of the
program is passable. The search and
replace functions work smartly, and
the imbedded commands offer so-
phisticated printing options, in-
cluding file merging to overcome the
99-line maximum. Without such fun-
damental things as word wrap,
though, it’s best suited for use on
desert islands with not other software
available

To Calculations

The spreadsheet is a bit slow and
clumsy, but hasn’t the word proces-
sor’s glaring faults. It supports 850
cells (50 rows by 17 columns), each
shown as 11 characters wide (though
a text cell can hold up to 36 charac-
ters). Navigating among cells is easy,
once you learn that it’s the up and
down arrows but F1 and F2 for left
and right (the left and right arrows
move within a cell for editing).

The program assumes all data is
numerical, unless you preface each
entry with Commodore-T, -F, or -C
(for text, formulas, or commands re-
spectively). Number crunchers are
limited to one set of parentheses in a
cell formula.

Otherwise, there’s almost every-
thing found in VisiCalc and its suc-
cessors: an automatic recalculation
mode (though formulas aren’t ad-
justed when you rearrange rows or
columns); commands to copy a cell
or adapt its formula (such as a sum)

“
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to another; and a choice of dollar, in-
teger, or floating numerical formats.
Any copying of a spreadsheet block
into the word processor is as easy as
putting the cursor on the top left
corner, specifying the bottom right,
and issuing the cryptic command
Blkmap. Up to seven columns by 50
rows can be moved at a time; a similar
command, Map, lets you transfer
rows manually, one at a time. Of
course, keeping the new lines from
unraveling in the word processor is a
chore, but the transfer is as painless
as anything in integrated packages.
The spreadsheet’s graphics com-
mand is a bare-bones affair, giving a
bargraph of all columns in the cur-
rent cursor row. You’ll have to peek
at cell 50;16 to find the y-axis scale.
Graphs can be mapped into a
blank word processing document,
saved, and tidied for printing.
They’re not made of Commodore
graphics characters, but brackets and
# signs—ugly, but suited for daisy-
wheel as well as dot-matrix printers.

Keeping Records

Issuing the TF command brings a
prompt to issue it again (or NEWTF
if creating a database); you must
have a disk drive attached and a disk
inserted. Database files can’t share a
disk with texts or spreadsheets, and
each database requires a disk of its
own. Modestly sized entries will al-
low up to 999 records per disk, each
with a maximum of 17 fields, each
containing up to 38 characters.

The database isn’t a fancy free-
form type; you must plan the number
of fields and each field’s name and
length beforehand, then enter those
values during setup. That done,
you’ll see a minimal display—fields
displayed in a column, with two lines
at bottom to tell the file’s name and
the current (cursor) field.

A command such as RC1; or RC27;
lets you enter or retrieve arecord; UD
(update data) and NR (next record)
save changes. The RV1; command

starts a review with the first record,
showing each for about two seconds
(and invariably, at the pause or stop
command, doing so on the record
after the one you wanted).

The search command, SR, is utterly
simple: it finds records showing the
desired data in any field, so a search
for John brings John Smith, Alice
Johnson, and Fred McKinley of 22
Longjohns Lane. It’s possible to nar-
rown the hunt if you’ve kept track of
your fields’ numbers. For example,
PI6; issues a Pick command on field
six, ignoring all records except those,
say, with a zip code between 20100
and 20350. Be careful with numbers;
the program thinks 545 comes before
62, unless you give the latter its lead-
ing zero (062).

Like the spreadsheet, the file man-
ager is slow and sometimes awkward
but serviceable; at worst, it’sa fair in-
troduction to how databases work.
Teamed with the word processor, it
can only print lists, but do a fairly ad-
vanced job of merging names and ad-
dresses into form letters.

Conclusions

The Plus/4 is certainly a reasonably
powerful machine, as the product
comparison table accompanying this
article confirms. Moreover, it has a
bevy of enhancements that are at-
tractive, such as a better BASIC.
Whether or not it’s worth its addi-
tional cost among competitive home
computers depends on two things:
will there be sufficient software sup-
port in the future and do your spe-
cific wants fall into the machine’s
capability range?

True, these considerations are the

same for any new computer model.
On the first, there should be at least a
fair amount of software available for
the Plus/4 if Commodore lives up to
it announcement of producing 40-
odd programs that range from its
Easy Script and Easy Calc to vertical-
market templates and Infocom ad-
venture games. (There’s been talk of
an adapter to let the Plus/4 run C64
software. I spoke to a Commodore
product manager, however, who ad-
mitted that it was under considera-
tion, but predicted it was ‘‘probably
not going to happen.”’)

For the second consideration, you
can speculate about your immediate
computing desires and where you
might go from there. A plus for the
Plus/4 could well be its built-in ap-
plications programs, which might be
worth the extra money to you. The
word processor will at least give nov-
ices an idea of what’s involved in typ-
ing on screen, though I feel it is a hor-
ror of a program for reasons cited
earlier. The other applications pack-
ages are adequate, though.

I would not consider this a business
productivity machine by any means.
To be fair, though, there are plenty
of lesser computers, many of them
Commodore 64s, used by people to
run little businesses from their home.
So the Plus/4’s improved keyboard
and extra disk-handling convenience
might make it a tempting choice once
the faster 1551 drive appears.

On the other hand, once you’ve
bought a ‘‘system,”” you’ve come
mighty close to Apple Il and MSDOS-
machine price-range territory.

Taking everything as a whole, 1
have to conclude, with hindsight,
that it was outragious for Commo-
dore to introduce a new machine so
close the the C64 that won’t run soft-
ware in the 64’s enormous library. 1
do like the Plus/4, but I’m not crazy
about it. Under present conditions, I
suggest that new home-computer
buyers go a little lower in price (say, a
Commodore 64) or higher, if you’re

making an immediate purchase. ME
CIRCLE NO. 124 ON FREE INFORMATION CARD
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Tutorial

Designing Dc
Power Supplies

Step-by-step procedure describes how to design the
Jixed power and adjusted power supplies you need
for solid-state applications

~_ ByJoseph J. Carr

he dc power supply is one of
Tthe most important parts of

any electronic circuit, yet it is
often also the least-considered por-
tion of the design. Dc supplies used
by designers and experimenters in-
clude both integral power supplies
mounted inside a cabinet, and ‘‘uni-
versal’’ bench power supplies used
for testing, adjusting, troubleshoot-
ing, or otherwise experimenting with
an electronic circuit. Examined here
are methods for ‘‘designing’’ simple
dc regulated power supplies, both
fixed- and variable-voltage types.

Fixed-Voltage Types

The task of designing a fixed-output
voltage regulator is made much
simpler nowadays by three-terminal

integrated circuit voltage regulators,
There are quite a few of these devices
on the market, but they all share cer-
tain characteristics. For one thing,
their output voltages are fixed at
some standard value. The actual
value is usually identified from the
type number. For example, a 7805 is
a 5-volt regulator, while the 7812 is a
12-volt device. There are, of course,
exceptions to the numbering rule, but
in general there are summarized as
follows:

1) LM-309 series are S-volt, 100-
mA or l-ampere (depending on
case style) regulators;

2) LM-323 is a 5-volt, 3-ampere
regulator in a ‘K’ package
(same as TO3);

3) LM-340n-xx are positive-out-
put voltage regulators. The nin
the type number denotes pack-
age type, the xx is the voltage

4)

5)

6)

rating. For example, LM-
340K-12isa 12-volt regulatorin
a ““K*’ package (it passes 1
ampere);

74xx is a family of regulators
similar to the LM-340n-xx se-
ries. The xx denote output volt-
age (7812 is a 12-volt regulator).
Package style determines output
current;

LM-320n-xx is a negative-out-
put version of the LM-340n-xx,
while 79xx is a negative-output
version of the 78xx. (Note: in-
put and ground terminals on
the LM-320 and 79xx are re-
versed from the pinouts of the
LLM-340 and 78xx. Failure to
observe this convention will re-
sult in destruction of the regula-
tor!);

The package designations are:
H indicates a TO-5 case, or its

Fig. 1. The basic circuit for a three- °

terminal, fixed-voltage integrated-circuit-

regulation power supply.

F1 —~ T
P~
s1
M7V ac I
C -~

3 (IC case)
(o B e}
12
[l
S D1
BOTTOM VIEW 1N4007
: ic1 o
+
+* L - +
=C1 =C2 3 == C3 = C4 Vo
-0
_1. Chassis ground

(if needed}

wwWw.americanradiohistorv.com

March 1985 / MODERN ELECTRONICS / 41


www.americanradiohistory.com

NOTE:

*Use any type in series IN4002 to 1N4007.

Vo=125x B4 :]+ R2any
LA

F1 |
n——m—d/ e
17V I 2
D Fur

D12 Adj
1Ma007
4
Heatsink
e
F i 2]
s P LA-338
+| 10000 uF ooz - " £ D2 \/
T agwv il on T 33ui s i 20 1144007 o
hinkes faoy i
= g
o -L ﬁK | es +
- 10 uF

Fig. 2. A circuit based on the LM-338 regulator,

plastic equivalent, and a cur-
rent of 100 mA; K indicates a
TO-3 case and a current of 1
ampere (1.5 amperes if prop-
erly heatsinked); 7 indicates a
TO-220plastic power transistor
type case and a current rating of
750 mA in free air or 1 ampereif
properly heat sinked.

With regard to current ratings,
heat and high currents are the twins
that destroy electronic circuits. If
these devices are routinely operated
at or near maximums, you can expect
to experience a higher-than-usual
failure rate.

Shown in Fig. 1 is the basic circuit
for athree-terminal, fixed-voltage IC
regulator. Transformer 7/, bridge
rectifier RECT! and filter capacitor
C1 are selected according to the usual
rules for any dc power supply. The
transformer steps the 117-volt acline
potential down to the level required
for the input of the regulator. As a
rule, there should be a minimum
2.5-volt difference between the rated
regulator output and the minimum
allowable input voltage. For a
+ 5-volt regulator, a minimum of
+ 7.5 volts is needed.

With the foregoing in mind, when
selecting a transformer, choose one
that provides at least the minimum
differential. Also, remember that the
voltage across the regulartor’s input,
which is also the voltage across filter

capacitor C/, will be approximately
0.9 times the peak ac voltage across
the transformer secondary. Since the
secondary voltage is specified in rms
values, you must multiply the rate
value by 1.414 to determine the peak
voltage. If all terms are accounted
for, the output voltage will be ap-
proximately 0.9Xx1.414 XV, oOr
1.27 X Vims.

The minimum rms value of the sec-
ondary voltage should be the mini-
mum value of dc requried to feed the
regulator divided by 1.26. For the
+7.5 volts required for a + 5-volt
regulator, then, you need an rms rat-
ing of 7.5/1.26, or 5.95 volts. Since
6.3-volts rms is the next highest
standard value, you would select a
6.3 voit ac transformer.

Transformer current rating should
be no less than the highest expected
dc value you expect the load to draw,
plus a margin for safety. In addition,
keep in mind that most transformers
with center-tapped secondaries are
rated for regular full-wave rectifica-
tion, not full-wave bridge rectifica-
tion. When the bridge circuit is used
the current available is one-half the
rated value because of the voltage
doubling and the fact that you don’t
want to exceed the volts X amperes
rating of the transformer.

Some transformers will bear up
when a greater than rated current is
drawn, but it isn’t good practice to

make them work so hard. Trans-
former current rating, then, must be
at least the current rating of the regu-
lator—and preferably more. There’s
a general design rule that requires us
to use only about 75% of capacity on
the average.

There are two rectifier ratings that
require particular attention. These
are forward current and peak inverse
voltage (PIV). Forward current is
simply the amount of current that the
bridge rectifier will normally pass in
the forward direction without suffer-
ing a heart attack. In most cases, the
forward-current rating of the recti-
fier should be equal to or greater than
the regulator’s forward current rat-
ing. Again, good design practice dic-
tates that you should allow some ex-
cess capacity, so that the rectifier is
never made to operate for long at its
maximum rating. If you observe this
simple rule of thumb, your circuit
will operate with almost failsafe
reliability.

The peak-inverse-voltage rating is
the maximum reverse-bias voltage
that the rectifier will withstand with-
out breaking down. Exceeding the
device’s PIV is almost certain to re-
sult in destruction of the rectifier.
The normal rule of thumb here is to
use a minimum PIV of 2.83 times the
applied rms. The reason for this is
that the normal P1V seen by the recti-
fier is 1.414 X rms plus the voltage on

#
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A Great Gift Idea

DON’T LET THE ELECTRONICS
REVOLUTION PASS YOU
OR A FRIEND BY!
SUBSCRIBE TO

ez

Now you can reach out every month and learn about the
latest innovations in consumer electronics and personal
computers—what’s new, how products and circuits work, and
what leading authorities think of them.

*Stereo *Video *Home & Car Electronics
*Test Instruments *Circuitry & Devices *Servicing
*Personal Computers *Communications *Construction Projects

In every issue, authors lucidly explain how exciting, new
electronics ideas are applied . . . issue forthright buying counsel
. . . present complete plans to build electronic devices to
enhance products, even unique ones that are not yet being sold
in the marketplace.

Feature articles, tutorials, and construction projects are the
hallmarks of MODERN ELECTRONICS, the new monthly
magazine for electronics and computer enthusiasts. Covering
the entire spectrum of these fields, you’ll gather insights in
every important area to help you make buying decisions for
work and play purposes . . . improve performance of your
present equipment . . . increase your electronics competence
... and add to your practical and intellectual knowledge of
electronics and computers.

To be sure you get this valuable information delivered to you
regularly, and share the experiences of our writers and edi-
tors—Forrest Mims, Len Feldman, Stan Prentiss, Charles Ru-
benstein, Glenn Hauser, and many others—you can subscribe
to MODERN ELECTRONICS today. As a Charter Subscriber,
you’ll save 45% off the newsstand price when you buy a one-
year subscription for only $12.97. Or save 51% when you sub-
scribe for two years at $22.97.

Just fill out the coupon and mail with your check, money
order, or credit card information (Visa or MasterCard) to enter
your Charter Subscription. Do it today to ensure earliest
delivery!

MODERN ELECTRONICS 76 North Broadway, Hicksville, NY 11801

Please send me Modern Electronics for [1 2 Years (] 1 Year

Name

Street

City

State Zip
2 Years(24issues)............ $22.97(1
1 Year (12 issues)............ $12.9701

Charge My Order To: Payment Enclosed $
[ MasterCard C@
[J VISA m

LL L]

My account number is:

LT T

[ [ ]

Computer problems?

DON’T BLAME
THE SOFTWARE!

Pai. # 4,259,705

Isolators prevent:

¢ CPU/primer/disk interaction
¢ Lightning er spike damage
® AC power line disturbances
® RFI-EM] imterference

Commercial Grade Isolators

1SO-1 3 lsolated Sockets $ 8195
ISO-2 2 Isolated Socket Banks, 6 Sockets $ 8195
Industrial Grade Isolators

ISO-3 3 Dowuble Isolated Sockets $122.95
ISO-11 2 Double Isolated Banks, € Sockets $122.95
Laboratory Grade Isolators

ISO- 17 4 Quad Isolated Sockets $213.95
ISO-18 2 Quad Isolated Banks, 6 Sockets $180.95
Circuit Breaker, any medel (Add-CE) Add $§ 11.00
Remote Switch, any model (Add-RS) Add $ 20.00

X7, Elecfronic Specialists, Inc.

171 S. Main St., Box 389, Natick, Mass. 01760 (617) 655-1532

Toll Free Order Desk 1-800-225-4876
MasterCard, ViSA, American Express

CIRCLE 67 ON FREE INFORMATION CARD

LIFETIME LIMITED WARRANTY

Freq. 2.1 to 2.7 GHz - 34 db Gain +
& COMPLETE SYSTEMS:
(as Pictured)
Cammercial 40"
Rod Style
Sarabolic 20"
Dish Style
COMPONENTS
Jown Converters
| [either style)

| MICROWAVE TV ANTENNA SYSTEMS

$99.95
$79.95

$34.95

Power Supplies $24.95

“12V to 16V, DC+)
PARTS & LABOR

SALL OR WRITE FOR
i «ITS, PARTS. OR MORE
£ N=ORMATION

© 3hiaping & Mandling Add $5.00
e Repalr Most Types Down
Zonverters & Power Supplies

Phillips-Tech

Electronics
P.0. Box 34772
_Phoentx, AZ 85087
(502) 947-7700
Special Quantity Pricing
Dealers Wanted
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the capacitor (CI in Fig. 1), which is
also 1.414xrms. Thus 2x1.414 x
rms is 2.83 X rms.

This rule doesn’t mean much when
dealing with 6.3-volt ac trans-
formers, because the minimum avail-
able PIV is 25 volts, which is above
the maximum reverse voltage gener-
ated. But the rule becomes increas-
ingly more important when the volt-
age increases.

Filter capacitor C! in Fig. 1 is se-
lected to provide enough ripple re-
duction to make the regulator happy.
Itisn’t necessary for C/ to provide all
of the ripple reduction needed by the
external circuitry powered by the reg-
ulator. (The regulator itself adds
considerable ripple reduction.) Most
authorities recommend a capacitance
value of between 1000 and 2000 uF/
ampere of current drawn. If you use
the 2000-uF/ampere figure, a 1-am-
pere regulator (the most common
type) requries a 2000-uF capacitor.
At least 500-uF must be in the circuit,
even when the forward current is less
than 500 mA.

The working voltage rating
(WVDC) of the filter capacitor must
be somewhat greater than the max-
imum expected voltage. Keep in
mind that most electrolytic capaci-
tors have a 20% tolerance and that
voltages normally vary 15%. There-
fore, you require a 35% margin of er-
ror on the WVDC rating. For exam-
ple, if you have 18 volts coming from
RECTI to regulator IC1, this is what
will be applied across ClI. Using the
35% rule, you would specify 18
volts x 1.35, or 24.3 volts (or more).
Since 25 WVDC is a standard value,
you can use this as the minimum
WVDC of C!I. But to be on the safe
side, at only a very small additional
cost, you would be much better off
using a 35- or SO-WVDC if practical.

Capacitors C2 and C3 in Fig. 1 are
used for noise immunity/protection.
Their values aren’t critical. Typical-
ly, you would use any value between
0.1 and 1.0-uF. These capacitors are
best mounted as close as possible to

2 CASE
- —= 1m-338 | -
R1
1 120 D2
R2A
2R2
R28B
R2=R2A + R2B
R2B =~ 0.1 R2A

Fig. 3. Fixed output voltage is ini-
tially set with R2A/R2B, which are
replaced by same-value resistor.

the regulator device. In fact, many
designers mount them right on the
regulator itself.

Output capacitor C4 is optional.
It’s included in the circuit to improve
the transient response of regulator
ICI. When external current demand
increases very rapidly, it will take a
certain amount of time (in microsec-
onds) for the regulator to catch up.
During this period, the external cir-
cuit will draw current from C4, thus
preventing a ‘‘glitch’” in the power
supply voltage. The value of C4
should be determined by assuming
that 100 pF/ampere is needed. The
WVDC rating shouldn’t be less than
1.35 times the rated output voltage of
the regulator.

If you do use C4, it’s agood idea to

on the capacitor when power is re-
moved from the circuit. Otherwise,
the charge can be dumped back into
the circuit through and cause damage
to the regulator. Any rectifier diode
in the 1N4002 through 1N4007 series
will suffice here.

Adjustable-Voltage Types

Adjustable-voltage regulators used
to be somewhat more difficult to de-
sign than fixed types. Today, how-
ever, there are several three- and
four-terminal devices on the market
that greatly simplify the design pro-
cedure. To keep this article brief,
we’ll limit our discussion to the
LM-317 and LM-338 devices, since
these are readily available to experi-
menters through mail-order and
walk-in retail outlets that sell parts.

The LM-317 and LM-338 are simi-
lar to each other in function. They
differ in that the LM-317 handles 1.5
amperes, while the LM-338 israted at
5 amperes. Information given below
for the LM-338isgenerally usable for
the LM-317 as well.

A circuit based on the LM-338K is
shown in Fig. 2. Note that the output
terminal of this regulator is the case,
whereas the case of the fixed-voltage
three-terminal regulator in Fig. 1 is
the reference terminal for the input

also use diode D/ to dump the charge (Continued on page 96)
AN 2 IC1 CASE e
cl R3 e
15,000 uF 2\1‘1’ s
R4 =
0.1
sW
2 1IC2 CASE
X + -AAN
. A4 LM-338
F'f°m . RECT 1 - S R 1
transtormer 120
x ~ - p
1 L R2
2K

Fig. 4. In this variable-output-voltage circuit, two LM338K IC voltage regula-
tors are used to provide a 1.2-to-16-volt regulated output with a current-delivery
capability of 10 amperes.
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\Nhat’s New at

AMERICAN DESIGN COMPONENTS?

“The Source” of

electro-mechanical components
for the hobbyist.

e warehouse

60,000 items at
American Design Compo-
nents-—expensive, often
hard-to-find components
for sale at a fraction of
their original cost!

You'll find every part
you need—either brand
new, or removed from
equipment (RFE) in excel-
lent condition. But quanti-
ties are limited. Order
from this ad, or visit our
retail showroom and find
exactly what you need
from the thousands of
items on display. Open
Mon.-Sat., 9-5.

THERE’S NO RISK.
With our full 30 day warranty,

any purchase can be returned for
.any reason for full credit or refund.

M. APPLE 2c DISC
DRIVE

Original equipment drive,
compatibte with Apple 2e,
2+, and 2c.

$139.50 RFE

R.19” COLOR X-Y
DISPLAY .

Originally designed for use in Atari
coin-operated games. Contains a
19VLUP22 3-gun color tube, focus
and brightness controls. Has
electromagnetic deflection and
solid state circuitry with three 2"
amp inputs (red, green, blue). Ideal
for arcade replacement or, with the
addition of external circuitry, for
color graphics display. Manual
included.

$129.00 NEW

I L

Metal frame with 5 high
impact plastic blades. For
caoling HiFi, electronic
equipment, computers,
etc. Mounts for intake or
exhaust. 115 VAC, 60Hz.
Dim: 446" x 1'2"D.
$7.95 RFE

A. 115 CFM MUFFIN' FAN

B. SPEED CONTROL

A’/
0-100% adjustable;
converts fans, blowers,
hand tools to variable
speed. Panel mount. 2"H x
112"W x 7/s"D. Wire leads,

120V, 60Hz, 1.6A. Teccor
Model MSC-21B.

$3.50 NEW

C. 150 CFM SUPER
MUFFIN' FAN_

Upgrade
your
computer
with this faster super
quiet, 5 aluminum ball
bearing blade fan. Slightly
larger, but mounts in same
holes as regular Muffin. 115
VAC, 50/60 Hz. Torin
TAS00PSC.

$19.95 NEW

D. TIMEX 48 KEY
KEYBOARD

Replace the membrane
keyboard on your Timex/
Sinclair Z-81/1000 with this
brand new "'big computer”
keyboard from Texas
instruments. Simple to

install—complete instruc-
tions and schematic

included. $5.95 NEW

|IEM Compatible

172 Ht:
E. TMS55-2 DS/DD
Full Ht:
F. TM100-1 SS/DD
G. TM100-2 DS/DD

51.” TANDON DISC DRIVES

Other 5Y4" P.C. Drives
$179.00 1/2 Ht:
H. TM55-4 DS/Quad $199.00
J. TM100-4 DS/Quad 179.00
99.50 K. TM101-4 DS/Quad 199.00
159.00

L. 160 CFM BLOWER

115 VAC, 60 Hz, 1.05 amp.,
3000 RPM. Continuous
duty, self cooling. Outlet
Dim: 3" x 3%". Iniet Dim:
434" Dia. Flange mount
43fy” sq. Mfr: Fasco
#50755 or equiv.

$9.95 RFE

N. AuUDIO & VIDEO
MODULATOR

>

Made for Texas Instruments.
Lets you use your TV set as
a monitor for video and audio
signals produced by home
computers, surveillence
cameras, video games, etc.
Camplete with 8’ 5-pin din
cord, hook-up diagram.

$7.95 NEW
ORH BLO
- - A 0

$1—KHP Type. 24 VDC-110
VOC-115 VAC Contacts: 4

PDT 3-5 amps. $3.00 RFE
S$2 —KAP/KRP type. 12/24/

110VDC & 115 VAC. Contacts:
TPOT 5 amps. Mfr: P&B or

equiv. $3.75 RFE

O. EXTERNAL DISC
DRIVE POWER

SUPPLY ASSEMBLY
tor floppy or Winchester
drives

s

Drive mounts directly onto
assembly. Includes mating
plug for the drive and on/off
switch. Mfr: Sierracin

AC1I098 $19.95 NEW

COMPUTER DISC DRIVE SWITCHING

POWER SUPPLY

P. INPUT: 115/230VAC,
50/60Hz. OUTPUT: ~
12V@.17A, + 24V@2.2A,
+5V@3A. Dim: 736" x

G- $19.95 NEW

T. VACUUM PUMP
& MOTOR

Sy

Rotary vane pump,

oil-less. 4CFM/15PS| max.
(or 26" HG). Directly
connected to a (GE 'sHP.
1625RPM, 115VAC/60HZ}
thermally protected motor.
Mounted on a metat base.
Mfr: GE& Gast $39.95 RFE

American Design Components

ON R
3- D

Q. Power supply regulator
board for microcomputers
and games. INPUT: 18-
24VAC. DC OUTPUT:
+12V@ .05A. +5V@.5A,
- 5V@.04A. On/off
switch. TRANSFORMER

INCLUDED! $4.95 NEW

U, 12v NICAD BATTERY BACK-UPS (RECHARGEABLE)

12V @450Ma.  ©
Contains 10 AA cells.
Recharge rate 45Ma, 16-18 hours
Case with tab output connections.
Dim: 2'he"H x 114" x 215hs"L.
Mfr. GE #123233 or equiv.

$5.95 RFE

»
@

13.2V @1.65AH
Contains 11 C cells.
Portable computer
battery back up.
Mfr. GE # 41B03JBB00101
$15.95 RFE

62 Joseph St., Moonachie, NJ 07074
(201) 9392710
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¢ YES! Pilease send me the following items: [ My check or money order is enclosed ORE;??
s A,?,C, '!;ow z 5 o 7 [J Charge my credit card. 2
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5 Card No
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Project

The Frustrator

Phone device thwarts would-be telephone pitchmen
and other annoying callers, but lets through calls you

want to receive

By Anlh_ony J. Caristi

nnoyed by unwanted tele-

phone calls from people try-

ing to sell you this or that?
Are there times when you just don’t
want to answer your phone but are
afraid of missing an important call?
If so, the ‘‘Frustrator’> may be just
what the doctor ordered. This pro-
ject gets its name from its response to
anyone who dials your number and
doesn’t know the secret of getting
through to you.

The Frustrator answers your
phone, on whatever ring you select,
and greets a caller with dead silence.
Then, after about 30 seconds, it
hangs up (disconnects the line). Re-
peated calls to your number will re-
sult in the same thing happening.
Eventually, your unwanted caller
will give upin frustration. He’ll likely
conclude that your phone or the tele-
phone line is defective.

So far, you’ve succeeded in foiling
an unwanted caller. Now for relief
from your anxiety about missing im-
portant calls. If your caller knows the
secret, he or she simply speaks into
the mouthpiece or presses one of a
series of buttons (in a predetermined
code) on a Touch-Tone phone to
alert you that a friend or relative is
calling. The Frustrator will connect

an amplifier and speaker to your line
to let you hear voice and Touch-Tone
signals. At this point, you have about
30seconds to pick up the receiver and
answer the call; otherwise, the line
will be automatically disconnected.
This project can be permanently
connected to your telephone line. It
won’t interfere in any way with nor-
mal telephone operation. It always
gives you the option of answering
your phone before or after it does.
Even after you pick up the receiver, it

automatically  disconnects  after
about 30 seconds and resets itself to
intercept the next call each time you
or it anwers your phone, but it lets
you continue your conversation for
however long you wish.

About The Circuit

Four sections make up the Frustra-
tor’s circuit (Fig. 1), each with a spe-
cific task. Timer chip IC/ is con-
figured as a monostable, or one-shot,
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PARTS LIST

Sold-state devices

D1 thru D4,D6 thru D14—]1MN2069 or
s:milar diode

25— 150-volt rener diode (1N5953A or

gquivalent)
IC1,IC4—3555 timer
1IC2—CD4001B guad 2-input NAND

son decade counter
385N audio power amplifier
—Red light-emitting diode
2 or similar 300-volt npn

LG 1-pF, 100-volt disc
— 000 -pF disc
-3, 010—6.8-¢F electrolytic
Ch—10-pF electrolvtic
CE—100-pF electrolyvtic
:F electrolytic
Wa-watt, 10% tolerance)
R2—150,000 ahms
R3i—] megohm
R4,R14—47.000 ohms
R5,211,R12—2200 ohms
R6, 215, R17—100,000 chms
R7—2.7 megohms
RE,R9—330 0hms

SPKR—Miniaiure 4- or 8-ohm speaker
violt, 200-mA transformer

roard and solder posts or

printed-circuit board; suitable enclo-

sure; holder for FI; sockers for 1Cs; ac

line cord; machine hardware; hookup

wires solder; e,

Mote: The following are available from
A, Carisii, 69 White Pond Rd., Wald-
wick, MJ 07463; etched and drilled pc
board, $6. LM386MN, &3
CD4001 B, 50; CD4017B, $3.25;
LM555, S52.50 ecach; MPS-A42,
$3.25. Add 75¢ postagehandling per
onder,

Fig. 1. Note in this overall schematic
of the Frustrator that power is sup-
plied from the ac line. The project
connects to the telephone line via the
diode bridge (upper left).
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“K* symbol near each diode location indicates cathode lead connection.

NOTE:

Fig. 2. This is the actual-size etching-and-drilling guide for
the project. A ready-to-use printed-circuit board is avail-
able from the source given in the Parts List.

Fig. 3. This is the component layout diagram for the pc
board. Sockets are recommended for installation of the
ICs. Be sure to observe component orientations.

multivibrator. It detects the presence
of the ring signal on the telephone
line. This signal has an amplitude of
90 volts and a frequency of 20 Hz.
Each time the ring signal is detected,
IC1istriggered and its out-put on pin
3 goes positive for 3 seconds. This
converts the 2-second on, 4-second
off ring signal into a pulse train of 3
seconds on and 3 seconds off.

The pulse train from /C/ is used to

clock Johnson decade counter /C3,
which counts from zero to whatever
ring you’ve selected for the Frustra-
tor to answer your phone. When the
circuit is at rest, /C3 is in the normal
reset mode, with a zero count ob-
tained from a positive pulse fed to pin
15 from either the last time the
Frustrator answered the phone or
when the phone was used in the nor-
mal manner. As aresuit, pin 30f /C3,

the decoded output for a zero count,
is positive (logic 1) and all other out-
puts are zero.

When your phone rings, each ring
causes /C3 to increment one count.
The first ring causes pin 2 to go posi-
tive, the second ring pin 4, and so on.
When the pin you’ve selected goes
positive, the pulse is inverted by
IC2A, differentiated by C4, and fed
to the trigger input of /C4, another
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timer configured as a one-shot multi-
vibrator, with a timing cycle of about
30 seconds.

The positive output of /C4 (pin 3)
is used to forward bias Q/. When Q1
switches on, the current through D8
and R7, supplied by the phone line,
causes the caller to hear a click that
sounds like your phone’s receiver be-
ing picked up and then only silence.
Then 30 seconds later, pin 3 of IC4
goes low (0 volt), disconnecting the
line, unless you’ve picked up your tel-
ephone’s receiver.

The positive output voltage from
IC4 is also used to switch on Q2 and
Q3, applying positive supply voltage
to pin 6 of the /C5 power amplifier.
This IC amplifies the signal on the
phone line only during the on time of
IC4 to let you hear what’s happening
even though you may not be near
your phone. At all other times, /C5
isn’t powered and SPKR is silent.

Digital logic fedto IC2Cor IC2Bis
used to reset /C3 back to zero count
after the Frustrator has done its job.
Finally, /C2C detects when your tele-
phone’s receiver is lifted off the
hook, while /C2B detects when IC4
has answered your phone through
QI. Under either condition, the cir-
cuit is automatically reset to receive
the next call.

The LED connected to the output
of IC4 alerts you to the status of the
circuit at all times. When the Frustra-
tor is standing by for a call, LED] is
on. It extinguishes during the 30-sec-
ond call-answering sequence.

Construction

This is a relatively easy project to
build, since there is nothing critical
about parts layout nor are there any
special assembly techniques that
must be followed. Consequently, the
project can be assembled on a piece
of perforated board, using solder
posts, or on a printed-circuit board.
You can fabricate your own pc
board, using the full-size etching-
and-drilling guide shown in Fig. 2, or
you can purchase an already etched

PHONE DIALING BY VOICE

A new home/business telephone device,
Command Dialer II™, has been intro-
duced that enables a user to dial a tele-
phone number by voice. Audec Corpo-
ration’s $199.95 voice-recognition tele-
phone, Model VRT-1150, makes this
possible by matching pre-programmed
words and telephone numbers.

To set up the machine for voice-rec-
ognition/phone dialing, the user stores
up to 16 phone numbers in the model’s
built-in memory, each with as many as
30digits. Then using your voice, you as-
sign each number an appropriate name,
whether it’s ‘‘police,”” ‘‘Mary,”” ‘‘of-
fice,”” or any other identifiable code.
Once programmed in this manner, both
numbers and words become part of the
device’s voice-recognition memory,
which is activated by simply lifting the
receiver off its hook and voicing the
proper code name. The phone does the
rest, automatically dialing the proper
number, including Sprint, MCI, or an-
other long-distance service number.
The system will also adapt to voices of
other people—wife, secretary, etc.—ac-
cording to an Audec Corp. spokesman.

In addition to its voice-recognition
function, the VRT-1150 automatically

selects pulse or tone dialing, depending
on the service you have. Other features
abound. For example, atwo-way speak-
erphone can be witched in for hands-
free two-way conversation; programmed
phone numbers can be checked by visual
feedback; an automatic redial function is
activated when you hang up the phone
while facing a busy signal (the machine
calls you back when the number is free);
asecret code can be programmed to pre-
vent unauthorized long-distance calls,
sounding an alarm when someone makes
such an attempt.

Using its built-in memory, there’s an
instant scratch pad available to enter
important numbers during a phone con-
versation for recall afterwards. Further-
more, there’s a mute switch for private
speaking and a ringer on-off control so
that incoming calls can be indicated on-
ly by automatic flashing of a light.

Topping off the foregoing, the tele-
phone device acts as a full-function
LED alarm clock with a snooze option.
You need not lose your programmed in-
formation either since there’s a battery-
backup. The telephone device measures
117% "W x 8% "D x 3% "H.

CIRCLE NO. 120 ON FREE INFORMATION CARD
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and drilled board from the source
given in the Parts List.

Whichever method of assembly
you choose, it’s a good idea to have
the ICs mount in sockets to permit
case of servicing should this ever be-
come necessary.

Referring to the components lay-
out diagram in Fig. 3, mount the
parts as shown. Make sure you orient
the electrolytic capacitors, diodes,
LED, transistors and ICs according
to polarization or pinout. Do not at
this time, however, install the ICs in
their sockets.

Use only good-quality electrolytic
or tantalum capacitors for C3 and C6
in the timing circuits and a low-leak-
age capacitor for C/0. Also, since it
must be able to withstand the high
ring-signal voltage on the telephone
line, Q7 must be a high voltage (300-
volt) transistor.

You have a circuit option that re-
quires the installation of one jumper
on the circuit board. This is the selec-
tion of the ring signal (one to nine) on
which you want the Frustrator to an-
swer your phone. The Table details
how how this jumper is to be installed
according to your choice. For exam-
ple, if you want the Frustrator to an-
swer your phone after the fourth
ring, you would connect the jumper
between pin 10 of /C3 and pins 1 and
2 of IC2. Be sure to use only one
jumper.

Circuit Checkout )

Before you attempt to place the Frus-
trator into operation, the project
must be checked out to ascertain that
it is working properly. This can be
done very easily with a dc voltmeter.

Withno ICsinstalled in the sockets
on the circuit board, plug the Frus-
trator’s line cord into any convenient
117-volt ac outlet. (Be careful to stay
away from the wires feeding the pri-
mary of 7/!) Measure the voltage
across C// while observing the polar-
ity of your meter. You should read
about 7.8 volts (+ or — 10%) here if
the power supply is operating prop-

JUMPER TABLE

Number of
rings

1

nnect
pins 1 &2tol

erly. If the voltage is correct, leave
the negative lead of the meter con-
nected to the negative lead of C//
and measure the voltage at pin 8 of
ICI and IC4, pin 14 of IC2, and pin
16 of IC3.In all cases, the reading
should be the same as that across
Cl1, or about 7.8 volts. When you're
satisified that all voltages are correct,
disconnect power and allow C// to
completely discharge.

One final check must be made be-
fore the Frustrator is put into service.
This is the timing of /C/. To do this,
install only /C/ in its socket (observe
orientation). Connect your voltmeter
between pin 3 and circuit common.
Plug the Frustrator’s line cord into
an ac receptacle and use a short
length of wire to momentarily short
pin 2 to circuit common, being very
careful not to touch any other part of
the circuit. This causes /C/ tooperate
as a one-shot multivibrator, which is
indicated on the meter as a 7.8-volt
(B +) reading for about 3 seconds.

Trigger IC/ several times with the
jumper wire, each time noting the
number of seconds the voltage re-
mains high. This time must be more
than 2 but less than 4 seconds. If the
timing of I/C/ is too short or long,
change the value of R3 to bring it
within the 2-to-4-second timing
range. Smaller values of R3 reduce
timing, while larger values increase
it. When you’re satisfied that /C/’s
timing is correct, disconnect the
power cord and allow C// to fully
discharge. Then install the remaining

ICs in their respective sockets, taking
care to properly orient them.

The circuit-board assembly can be
mounted inside a small cabinet that’s
large enough to also accommodate
the speaker. The Frustrator doesn’t
have to be installed near the tele-
phone. It can be placed anywhere
convenient to an ac power receptacle
and the telephone line connector. For
aprofessional job, you can terminate
the pair of telephone line wires in a
modular plug, which will permit you
to install the project just as you
would any other telephone acces-
sory. Since the Frustrator has a
bridge rectifier circuit in the tele-
phone-line input section, the polarity
of the connection to the phone line
isn’t significant. Just be sure to con-
nect to the red and green wires of the
existing phone line.

In Closing

The Frustrator can be placed into ser-
vice simply by connecting the phone-
line input wires to the telephone line
and plugging the project’s ac line
cord into an ac receptacle. If LEDI
doesn’t come on when power is first
applied to the project, /C4 has been
triggered by the sudden application
of power and is in its timing cycle.
Allow about 30 seconds for the LED
to come on. Reset the circuit to stand-
by mode by lifting the telephone re-
ceiver for about 5 seconds and then
replacing it.

You can check operation of the cir-
cuit by dialing your number from an-
other line (not an extension on the
same line!) and observing how many
rings it takes for the Frustrator to an-
swer your phone. You might also
have a friend dial your number and
then signal you with a Touch-Tone
rendition of, say, Jingle Bells (999
999 9#789). Once you’ve established
that the Frustrator is working as it
should, you’reready tohave it thwart
all those would-be telephone pitch-
men. Be sure, however, that you tell
your relatives and friends about your
secret, or they’ll be frustrated, too!

ME
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Project

An Automatic LED
Street Number Sign

Plug-in-and-forget sign guides visitors to your

doorstep in the dark

_By Hank Olson

uring the daylight hours,
anyone walking or driving
past your house may not

have trouble reading your street
number. But it’s a different story al-
together after the sun goes down and
darkness descends. If you don’t have
a lighted number, it may be impos-
sible for a visitor to find your homein
a developed community, especially if
you live in a tract community where
all homes are built on the same gen-
eral design. If you have or anticipate
having this problem, a solution is the
automatic illuminated LED street
number sign described here.

This project provides even illumi-
nation, unlike signs in which an in-
candescent lamp supplies backlight-
ing. As a bonus, you don’t ever have
to remember to turn LEDs on and
off. A built-in light detector auto-
matically samples ambient lighting
and does the switching for you ac-
cording light level. Furthermore, the
LED sign consumes very little power,
even when fully on, making it eco-
nomical to operate.

About The Circuit

Shown in Fig. 1is the complete sche-
matic diagram of the automatic LED
Street Number sign. Power for the
circuit is supplied by the full-wave
bridge power supply shown at the up-
per left. Incoming 117 volts from the

ac line is stepped down by transform-
er T1, rectified to pulsating dc by
bridge assembly RECTI, and filtered
to dc by capacitor C/.

The dc output at the junction of
dropping resistor R2 and filter capa-
citor CI supplies power to the LED
numeral array shown in the dashed-
line box at the upper right. Power for
the control circuit is picked off the
center tap of T, current limited by
R4, and regulated to + 12 volts be-
fore delivery to phototransistor Q/
and comparator ICI.

The supply potential delivered to
the LED numeral array is intention-
ally limited to a nominal 30 volts dc,
with current limiting, to conform to
the National Electrical Code. This
permits use of No. 18 bell wire be-
tween the control circuit and LED
numeral array.

By using only high-efficiency gal-
lium-arsenide-phosphide or gallium-
phosphide LEDs, which draw only
about 5 mA when conducting, the de-
sign procedure can be simplified.
With such LEDs, a drop of between
1.8 and 2.0 volts results when a given
LED is forward biased by 5 mA. Itis
a simple matter, therefore, to deter-
mine the maximum number of LEDs
that can be placed across the
nominally 30-volt line.

Taking 1.9 volts as an average for-
ward bias, the maximum number of
LEDs that can be placed across the
30-volt line is 30/1.9, or 15. Since
some series resistance must be in-
cluded in any such calculation, this

number should be reduced to 14.
Therefore, the maximum number of
LEDs connected in series across the
30-volt line is 14.

Though you can’t construct much
of a street-number display from only
14 LEDs, additional series strings of
LEDs can be connected in parallel
with the first, as shown, until you
have all the LEDs you need. The
maximum number of series strings of
LEDs connected in parallel should be
limited to five, giving you a total of
70 LEDs from which to compose
your house number.

With 70 possible LEDs, you can
figure a minimum of four LEDs per
segment per numeral, arranging the
numeralsin the traditional seven-seg-
ment layout, evenif your house num-
ber is 88888, which represents the
most intensive use of LEDs. Figure
2A illustrates the LED count for each
numeral. Note here that selected
LED:s in certain segments of many of
the numbers have been omitted to
give the numerals a more rounded ap-
pearance, rather than the squared-
off boxy look you’ll find in tradi-
tional LED numeric displays for
meters, frequency counters, and
other such electronic devices. Coin-
cidentally, this approach reduces the
number of LEDs needed to construct
numerals with rounded edges, like 2,
5,6,8,9andO0.

If you have fewer numerals in your
street number, or your street number
consists of less-intensive segment use
numerals (like 1,4and 7), youcanuse
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Solid-state devices

D1—12-volt zener diode

IC1—LM311H comparator

LEDI1—Green light-emitting diode

LED2 thru LEDn—Red light-emitting
diode (Hewlett-Packard No. 5082-
4655 or similar)

Q1—TIL67 phototransistor

Q2—2N3035 transistor

RECTI1—50-PIV, 2-ampere bridge rec-
tifier

Capacitors

C1—500-xF, 50-volt electrolytic

C2—47-yF, 25-volt electrolytic

R5 & “R8 —|C1 z
5.6K 3 e 1K A+ 1
k *R10
TP2 = 1M
R11
wh T

PARTS LIST

Resistors (all 10% tolerance)

R1—RYS7 thyrite varistor (Automatic
Electric)

R2—Y2-watt (see text)

R3—1100 ohms, Va-watt

R4—620 ohms, Ya-watt

R5,R7—5600 ohms, V4-watt

R8—1000 ohms, Y4-watt

R9, R11—10,000 ohms, V4-watt

R10—1 megohm, Y -watt

R12 thru R15—200 ohms, Y4-watt

R16—See text

R6—1000-ohm, pc-mount trimmer po-
tentiometer

Miscellaneous

Fl1—V2-ampere fuse with pigtail leads

F2,F3—Vi-ampere fuse with pigtail
leads

S1—Spst power switch

T1—14-volt center-tapped transformer
(Triad No. F90X or similar)

Perforated board and solder posts; 8-
pin DIP socket for IC1; ac line cord
and strain relief; solder-post pins for
TPl and TP2; suitable plastic or
metal enclosure; fast-set epoxy ce-
ment; silicone adhesive; machine
hardware; hookup and bell wire; etc.

Fig. 1. Overall schematic diagram of the Automatic LED Street Number Sign. The boxed- off section at the upper right
is LED array that makes up the sign’s LED numerals.

five and possibly even six LEDs per
segment to increase legibility and/or
character size, as shown in Figs. 2B
and 2C, respectively. Bear in mind
that the greater the number of LEDs
used per segment, assuming no in-
crease in character size, the greater
the legibility of the numeral.
Resistors R/2 through R/6 in Fig.

1 serve as current limiters for the
series strings of LEDs. Note that
there are five such strings shown con-
nected between the positive bus of the
power supply and the collector of
driver transistor (2. Each string
must contain 14 LEDs or their equiv-
alent. Since not all street numbers
will require 70 LEDs, it would be

wasteful to include 70 LEDs in your
numeral array. It may be possible to
reduce the number of series strings
required, depending on your LED
needs. Also, it will be the rare case in
which all series strings will require 14
LEDs, as indicated by LEDn in Fig.
1. In a case like this, where there are
fewer than 14 LEDs in a series string,

e P ey o e e ) e
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the value of the current-limiting re-
sistor (R/6 in Fig. 1), will have to be
adjusted to make up for the loss of a
LED or LEDs.

Before you can determine what
value resistor to use in a string con-
taining less than 14 LEDs, you must
know that the potential on the nom-
inally 30-volt positive bus from the
power supply is actually 27.6 volts.
This potential is fixed by the value of
resistance used for R2and thecurrent
drawn by the series-parallel arrange-
ment of the LED numeric array.

The voltage at the top end of the
power supply bus must be adjusted
by R2 (more about this under ‘‘Con-
struction’’) to yield the required 27.6
volts. This resistor dissipates only
about 0.1 watt in normal service.
However, if the 27.6-volt bus should
short to ground, the “2-watt resistor
would have to dissipate more than §
watts and would quickly burn open
like a fuse. There are Y4a-ampere fuses
(F2 and F3) in both LED array lines,
but these are to protect the electron-
ics against any possible fault-to-ac-
line problems, rather than to protect
the circuit from overload damage.

Determining the value of resist-
ance to use for R2 is complicated
somewhat by the rather unorthodox
arrangement of the components at
the output of the rectifier. Instead of
having dropping resistor R2 follow
filter capacitor C/ in the traditional
manner, R2 precedes C/. This ar-
rangement makes determination of
R2’s value more difficult, but it of-
fers the benefit of reduced ripple cur-
rent in C/, resulting in longer life for
the capacitor.

In simple terms, the potential at
the high end of R2 will normally be
somewhere between +30 and +40
volts. Knowing the number of series
strings in the LED numeral array and
the current drawn by each (5 mA),
you can obtain the approximate val-
ue for R2 and adjust it as needed until
the potential at the low end of the re-
sistor measures 27.6 volts.

The values of R/2 through R /3, all
the same in the 14-LED series strings
in Fig. 1, have been determined for
you and are indicated in both the
schematic diagram and the Parts
List. The value of RI6, however,
must be calculated separately, de-
pending on the number of LEDs inits
series string. Let’s assume you need
13 LEDs in the final string. Multiply
13 by 1.9 volts (the average potential
dropped across each LED) to obtain
24.7 volts. Subtract 24.7 volts from
the actual 27.6 volts on the nominally
30-volt bus to obtain 2.9 volts. Since
the current that is to flow through the
string is to be 5 mA, use Ohm’s Law
for resistance to determine the value
of the resistor as follows: R=E/I =
2.9 volts/S mA =580 ohms.

Similarly, you can calculate the
value needed for R/6 for any number
of LEDs fewer than 14 in the string.
For example, if you need only 10
LEDs, the voltage dropped across
them would be 19 volts. Subtracting
this from 27.6 volts, you obtain 8.6
volts. Then, using the Ohm’s Law
formula, you obtain R=E/I1=8.6
volts/5 mA =1720 ohms.

You can easily determine the
number of LEDs needed to make up
your street number by adding to-
gether the number required for each
digit, depending on how many LEDs
you want to use for each segment. If
your street number is, say, 3456 and
you’ve decided to use four LEDs per
segment (Fig. 2A), you would add
12+ 13 + 14 + 14 to obtain 53 LEDs.
This requires three series strings of 14
LEDs each plus a single string of 11
LEDs (with a 1340-ohm resistor in
the last string). If you had aless LED-
intensive number like 1417 and de-
cided to use six LEDs per segment,
your LED count would be 66, requir-
ing four strings of 14 and one string
of 10LEDs, with a 1720-ohm resistor
in the last string (Fig. 2C).

The remainder of the electronics
are for controlling the LED numeral
array. Phototransistor Q/ serves as

an automatic switch that toggles on
and off, depending on whether the
sun is below or above the horizon.
Whichever condition is detected is
fed to theinverting (—)input of com-
parator operational amplifier /C/. In
turn, /C1 toggles on and off LED ar-
ray driver transistor Q2.

With a darkness condition, QF
conducts very little current, bringing
the input at pin 3 of ICI to near
ground potential. This turns on Q2,
allowing current to flow through the
LED array and light the LED numer-
als. In daylight, QI triggers into con-
duction. When the voltage on TP/
becomes more positive than that on
TP2 (TPI and TP2 are test points),
ICI’s output changes state and goes
to near ground potential. This causes
Q2 to stop conducting and turn off
the LED array. Resistor R/0 adds a
small amount of hysteresis that pre-
vents /C/ from being indecisive at or
near its on and off levels.

Construction

This is a relatively simple and
straightforward project to build. Its
circuitry, excluding the LED numer-
al array can be assembled on a small
piece of perforated board, using
solder posts and an IC socket.

The best place to start construction
is fabrication of the panel on which
the LED numeral array is to be
mounted. The panel can be made
from %,"-thick linen phenolic or
other opaque insulating plastic sheet.
Preliminary to machining the panel,
lay out your numerals on a piece of
paper, striving for eye appeal and leg-
ibility and sized appropriately for the
distances from which your sign must
be read. You can use the standard
boxy 7-segment layout common to
commercial displays, or you can
make the numerals more rounded. In
either case, give them a slight slant of
between 7 ° and 10°, Mark off the lo-
cations where the LEDs are to be lo-
cated, working actual-size. Try for
equal spacing between LEDs, as
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“LEDs are rated to give you a million operating hours.’’
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Fig. 2. Drawings illustrate layouts for numerals composed of four (top), five (center), and six (bottom) LEDS per seg
ment. Increase in LED count can increase numeral size, legibility, or both.

shown in the illustrations in Fig. 2.
While you’re at it, also indicate
where in the layout the current-lim-
iting resistor for each LED series
chain is to be.

Tape your template over the LED
numeral array panel and use a sharp
center punch totransfer the LED pat-
tern to the panel. Tap lightly on the
punch to avoid cracking or splitting
the panel. (Do not at this time trans-
fer the locations for the resistor leads
to the panel.) Remove the template.

If you’re using the commonest
type of LED, the so-called T-1%, use
a %" bit to drill holes through the
panel at each center-punched loca-
tion. If you’ve decided to use a dif-
ferent type of LED, larger or smaller
in diameter, you’ll have to select a bit
sized accordingly.

Once the holes are drilled, replace
the template on the panel and transfer

the locations for the current-limiting
resistors to the panel with the center
punch. Remove the template and use
a %, " or %, " bit to drill the holes.
Push the domed lens end of the
LEDs into the holes from the rear of
the panel. The lip around the base of
the LEDs will prevent them from fall-
ing all the way through and will per-
mit the domes to protrude about %, "
beyond the front surface of the pan-
el. Orient the LEDs for easy intercon-
nection and apply a spot of fast-set-
ting clear epoxy cement on opposite
sides to anchor the LEDs to the pan-
el. When the cemeni sets, wire the
series strings of LEDs as shown in
Fig. 1, connecting the cathode of the
first LED in the string to the anode of
the next, and so on to make as many
14-LED strings as needed. Install and
wire in the current-limiting resistors.
Now assemble the control-circuit/

power-supply board. Keep in mind

that phototransistor Q/ must be lo-

cated where it can sample ambient

light. If you plan to mount this board

behind the LED array panel, you’ll

have to drill two extra holes in the lat-
ter, in which to mount Q/ and LED/.

LEDI is used here as a circuit-condi-
tion indicator). Run hookup wires
from the leads of @/ and LED/ to the
appropriate points in the control cir-
cuit. If you’re using a pc-mount
transformer for 7/, it can mount di-
rectly on the circuit board; other-
wise, mount 7/ on one of the walls of
the box that houses the project.

The only item you won’t be able to
mount on the circuit board just yet is
R2, which will have to be selected
after the project is powered up. Inthe
meantime, wire into R2’s location on

(Continued on page 84)
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Computers

Upgrading Apple Ile’s
ROM Monitor

Part 11

Here are fixes to change this model’s restrictive
monitor to an absolute old reset one, giving users
an opportunity to unleash the computer’s real power.

By Don Lancaster

ast month in Part 1 of this arti-

cle, we discussed Apple Ille
| Sirmware, cautioned you about
using non-standard ROMSs, and began
totell youhowtoprogramal7é4onan
old ROM burner. In this concluding
part, we continue the burn instruc-
tions, tell you how to capture and mod-
ify the Ile monitor, and give you a
checkout routine for testing your new
custom ROM monitor.

Here are the rules on the slide
switch use:

The slide switch points to ground
(pin 14) for a low address A12.

It points to + 5 volts (pin 28) fora
high address A12.

Use the LOW switch position for a
C or E monitor burn.

Use the HIGH switch position for a
D or F monitor burn.

You might like to mark a 0 on the
left switch position and a 1 on the
right switch position.

Capturing the lle Monitor

Catching the D, E, and F segments of
the monitor ROM is rather trivial. In
fact, some burner-card software will
let you simply move their buffer di-
rectly to these locations. But the

$C000 to $CFFF monitor captureisa
bit tricky and non-obvious. So, Pro-
gram 1 (not shown here due to lack of
space, but available free of charge,
along with the source code for
KREBF SPELL patch by sending a
self-addressed legal-size envelope to
MODERN  ELECTRONICS, Dept.
PROGI1, 76 N. Broadway, Hicks-
ville, NY 11801) shows you an Apple-
sloth program called SNATCH-
MON. What SNATCHMON does is
grab four 4K segments of the mon-
itor. It places these on disk under
IIEMON.C, [IIEMON.D, IIE-
MON.E, and IIEMON.F names.
You then modify these four seg-
ments as needed for your custom
monitor. These are saved to disk to
be BLOADed to a buffer at $8000 to
$8FFF. You can relocate these as
needed if your EPROM burner card
needs a different buffer area. If you
have a stand-alone burner, you can
use a modem program to send these
binary files out as serial text files, and
then use them as needed.
SNATCHMON is surprisingly
fast, since all of the actual moves are
done using the monitor ‘““M’’ com-
mand. Suitable POKEs-activate each
move as needed. It is absolutely es-
sential that the Y register be zeroed
before a monitor move. To do this,
any SNATCHMON move CALL
first goes to a five-byte machine pro-

gram at $7FFB that clearsthe Y regis-
ter and then jumps to the actual move
routine at $FE2C.

Locations $3C (low) and $3D
(high) hold the move starting source
address. Locations $3E (low) and
$3F (high) hold the move ending ad-
dress. Finally, locations $42 (low)
and $43 (high) hold the starting
destination address. After these six
locations are POKEd with the correct
values, the move can be made.

If you’re having trouble convert-
ing Applesloth decimal into machine
hex, check into the Hexadecimal
Chronicles (SAMS #21802) for in-
stant conversions.

To capture the $C100 to $CFFF
monitor as IIEMON.C, you have to
flip two pairs of soft switches just
right. The magic switches involve
$C006, $C007, $CO0A, and $COOB.
Soft switch $CO007 turns on the
monitor for the $CX00 access, while
$C006 turns on the normal 1/0. Soft
switch $C00B turns on the monitor
for $C300 access, while $CO0A turns
on the normal slot 3 usage. (Note that
these switch flips are backwards
from page 214 of the Apple Ile Ref-
erence Manual. Be sure you correct
your reference manual. Very ungood
things happen if you get these actions
mixed up. Note that you must write
to these locations to activate them,
such as with a ““‘C006:00 [cr]”’ or a
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B .

“POKE 49158,0 [cr]’’. Reads just
won’'t hack it.)

There are a few other soft switches
used to control the monitor ROM
area, but we need not worry too
much about these here. Normallv, a
cold boot is done before you try run-
ning SNATCHMON, which flips the
switches into their ‘‘normal’’ posi-
tions. You then flip soft switches
$C007 and $C008 long enough to
move the $C100 to $CFFF monitor
image to $8100 to $8FFF, and then
flip these switches back to their usual
$C006 and $COOA positions.

SNATCHMON assumes you have
a single disk drive. A “‘press the
spacebar’ prompt lets you change
diskettes if you want the images of
IHHEMON.C, IIEMON.D, IIEMON-
.E, and IIEMON.F to end up on a
different diskette.

AModifying the Ile Monitor

The Ile monitor is crammed full and
has very little in the way of free bytes.
There are a few bizarre bugs, such as
a programmer’s ASCII first name
that can get executed as op-codes by
certain programs accessing < ctrl> -
Y at the old location. The percentage
of *‘compatible’’ Il + programsis far
lower than Apple cares to admit,
since just about any decent 11 + pro-
gram makes use of “‘illegal’’ monitor
access. Asageneral rule, schlock 11 +
programs are lle compatible, while
creative and useful ones are not.

Areas available for rewriting are
the cassette routines, the screen mes-
sage, and the above-mentioned
‘“‘Bryan’’ code. I urge you not to
clobber the cassette routines, since
cassettes can often salvage a disaster,
even after all else has failed.

About the only monitor area that
nobody wants to keep isthe hole blast-
er from $C249 to C260. So, as an ex-
ample of patching the monitor, we
will overwrite this hole blaster with
code that accesses the old monitor.

The source code appears as Pro-

BE SURE TO USE 2?32
PERSONALITY MODULE
AND LERUE SWITCHES
S2 AND S3 OFF.

WIRE HOOK RDDED TO
THE TOP OF PIN 1
OF Ul0.

ATTACH GRABBER HERE .

0000t 0000s0coce |

000000 csvccccce

1

I A I O B
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Fig. 5. This drawing shows how to use the 2764 adapter in the MPC “‘ap-ep’’
burner card.

gram 2 (see above for availability). It
is called KREBF SPELL.SOURCE,
and assemblesinto a KREBF SPELL
patch. This module is simple enough
that we can forego a flowchart.
We’ve used the ““new’’ EDASM for-
mat for the source code here.

You can get to location $C249 on a
[ctr]] <open-appledingbat > [reset].
We first blast the warm start location
at $03F4 by incrementing it. This tells
the Apple that we are to do a cold re-
boot, rather than letting the applica-
tions program in use ‘‘capture’’ the
reset back to itself.

Then we run through atiming loop
40 times. Each time through, we stall
for a tenth of a second via the mon-
itor WAIT routine at SFCA8. We
then check to see if the open-apple
key is released. If it is released, we
continue with a stock cold reboot,
sans the hole blasting. If the key is

down, we keep on stalling.

If we timeout to a full four sec-
onds, we instead jump directly to the
“‘old”’ reset code which, thankfully,
remains in the monitor at $SFF59. The
four seconds was selected to be long
enough that a child or an unknowing
user is unlikely to accidently trip the
old monitor access.

There are some undocumented
Apple lle diagnostics stashed at
$C400 to $CFFF that will fail the CD
ROM if a checksum of all the bits in
the entire ROM does not agree with a
magic value.

To pass these diagnostics, the
checksum of the KREBF SPELL
must be the same as that of the hole
blaster bytes it replaced. The magic
checksum for these $18 bytes of code
is SOBAS. The byte at $825E corrects
this checksum to let your altered code
pass the diagnostics. Note that any
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How to Install Your
“0ld’’ Monitor EPROM in an Apple Ile

1. Using the program SNATCHMON,
place copies of [le ROM images onto a
work diskette under the tilenames of
IIEMON.C, HEMON.D, [IEMON.E,
and | IEMON.F.

2. Placeacopy of KREBF SPELIL ontothe
same work disk. Do this by copying the
companion diskette, assembling from
KREBFSPELL.SOURCE, or by simple
hand loading.

3. Cast the KREBEF spell this way:

] BLOAD IIEMON.C <cr>

| BLOAD KREBF SPELL <cr>

] BSAVE KREBFMON.C, A$8000,
L$1000 <cr>

4. Ifitis needed, plug the 2764 adapter into
your EPROM burner. Be sure the notch
points to the handle and that the grabber*
contacts the correct point in the burner.
In the MPC ep-ap. the grabber goes to
pin #1 of U10.

WARNING: BE SURE YOUR
BURNER IS CONFIGURED FOR AN
INTEL 2764 BURN (no adapter) OR A
2732 BURN (with adapter) BEFORE
CONTINUING.

The steps that follow assunie you are us-
ing the adapter on an older burner,
whose 2732 work buffer goes from
$8000 10 $8FFF.

5. Erase a 28 pin, 250-nanosecond Intel or
Hitachi 2764 EPROM using a suitable ul-
traviolet source.

6. Inscrtthe2764 EPROM into the adapter
socket. Be extra careful not to bend any
pins. New 2764s will necd all their pins
“‘rocked’’ inwards to fit.

7. Flip the adapter switch to *‘0”' (towards
pin {4). Then arm the EPROM burner
and boot the support code.

8. Verify the erasure. Then load. burn and
verity KREBFMON.C as if it were in-
tended for a 2732 EPROM.

9. Flip the adapter switch to *“1°" (towards
pin 28). Then load, burn and verify I1E-
MON.D as it it were intended for a 2732
EPROM. Note that the Krebf spell does
not get cast on the ‘D" side.

10. Turnthe Applesupply power oftf and re-
=

move both ends of the line cord. Care-
fully remove the CD ROM at E8, using
an [C puller, while keeping one wrist on
the top of the Apple power supply. Store
this ROM in protective foam for possi-
ble later warranty repairs.

11. Remove the newly programmed 2764
from the burner and insert it in the newly
emptied socket on your lle, being very
careful that the notch goes rowards the
kevboard and no pins are bent or tucked
under. Keep your wrist on the power
supply as you do this.

12. Apply supply power and run the follow-
ing checks:

(a) Normal cold boot of non-valuable
diskette in drive [ when power is ap-
plied.

(b) Normal resel to Applestoth orappli-
cations program on <ctrl>-<re-
set>.

(¢) Normal cold reboot on <ctrl>-

< open-apple > -<reset > .

Drop into the monitor on <ctrl >-

<open-apple>-<reset> with the

<open-apple> key held down for
four seconds after release of the re-
set key. Wait for the beep and the

L+ symbol .

(d

-~

(e) From the monitor, do a C006:00

<cr>, followed by a6-<ctrl >-P.
You should get a standard cold re-
boot.

BE SURE TO USE THIS “*C006:00

<cr> AT THE START OF EACH
MONITOR ACCESS. OTHER-
WISE, THE 1/0 SPACE WILL
NOT GET PROPERLY AC-
TIVATED.

(D Do a <cirl>-<closed-apple>-
<reset >. After some screen tlash-
ing, you should get the “KERNEL
OK'’ message.

13. Put some opaque tape over the lid of
your new *‘old’* monitor. Add a bright
dot to remind yourselt of this change.
Save the CD ROM should warranty re-
pairs ever be needed. This completes in-
stallation.

changes at all to this code will need a
different value for the checksum ad-
justment byte.

To use your source code, you as-
semble it into the patch, and then
overwrite the patch onto your moni-
tor image. Alternatively, you can

hand-load the patch over the monitor
code. Details on this appcar in the
“How To Install Your ‘Old’ Monitor
EPROM In An Apple lle’” box.
Basically, what you do is BLOAD
IIEMON.C. Then you BLOAD
KREBF SPELL. This patch over-

writes the hole blaster with the “old”’
monitor access timer. Then you
BSAVE KREBFMON.C, AS$800C,
L$1000. All of which casts the Krebf
spell on your monitor image.

You then program your 2764, us-
ing KREBFMON.C for the low half
(switch left) and IIEMON.D for the
upper half (switch right). For this
particular use, you need only replace
‘e CD ROM with a 2764 EPROM.
The EF ROM does not get changed.

Applesioth program SNATCH-

MON, source code KREBF
SPELL.SOURCE, and machine-
language binary patch KREBF

SPELL areavailable ready-to-run on
a companion diskette. Also included
arc modules for the Il¢ and “‘new”
I1e versions. See the box at the end of
this article for tull details.

Since | cannot legally sell you
copies of the Ile monitor image if you
do not personally own a Ile on which
those images are to be uniquely used,
these monitor images are not avail
able trom me. You will, instead, have
to grab your own with SNATCH
MON. The painless and automatic
process takes all of half a minute.

It is very interesting to compare
Programs 1 and 2. Assembly-lan-
guage Program 2 was written and de-
bugged much faster than was Apple-
sloth Program 1. Program 2 does
more. And its documentation is far
more legible.

If you are weak on assembly lan-
guage programming, check into Don
Lancaster’s Asseimbly Cook book for
the Apple Ile, (SAMS #22331), for
some easy-to-understand text and
ready-to-use support modules.

ﬁ;sting and Extending

Step 12 of the ““How To Install’” box
gives a detailed checkout routine. Be
very careful when you swap EPROM
for ROM that you bend no pins and
that the code dot and notch go to-
wards the keyboard, or front, of your
Ile. Save the old CD ROM in protec-
tive foam in case warranty repairs are
ever needed.
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Be sure to turn power off, and re-
move both ends of the Apple lle line
cord. Always lean on the top of the
power supply with your wrist before
inserting or removing any integrated
circuit. Just to be darn sure, hold the
Apple end of the line card in your
hand as you do this.

It might be best to program your
EPROMs on one 11 + or Ile and test
them on a second lle. This separates
programming bugs from strictly op-
erational problems.

Your checkout procedure should
include a cold boot, a cold reboot, a
cold reboot into the monitor, a cold
reboot from the monitor, and a diag-
nostics pass using the closed-apple
key on the Ile’s keyboard.

One very important ‘‘gotcha”
When you drop into the ““old’’ maoni-
tor, you do so with the 1/0 space

disabled and the CD ROM enabled.
Always do a C006:00 <cr> as your

very first “‘old’’ monitor instruction!
y

1C-KOOLERS ™ trom

QUALITY COMPONENTS - NOT MAIL ORDER “SECONDS"

This sounds slightly flakey, but I
haven’t found a really good way
around it. Maybe you can. At any
rate, this is no worse than good old
CALL -151; in fact, it is one key-
stroke shorter. Besides, it a/ways
works—any time, any place, any
program, any reason.

If you do not activate the 1/0
space, all of the usual monitor func-
tions will work in the usual way. The
only little problems are that you will
have no DOS, printer, or other [/0
slot access available. So, be sure to
get in the habit of whapping $C006
on each monitor entry.

There are lots of possible things
you can do with a custom monitor.
For instance, you can rearrange
““‘Applesloth’’ to suit yourself. You
can also do much of what a ‘‘snap-
shot’’ card can for a tiny fraction of
the price. To do this, grab the NMI
vector and dump everything in sight
to the stack, including all registers,

all soft switches, hard-to-read loca-
tions such as $0200, and some identi-
fying markers. Then exit to some
code that uses noneof the usual page-
zero or screen-scrolling locations.
Let me know what other monitor
mods you would like to see. Use the
address or phone number in the box.
I’ll send a free book and product list
to anyone who asks. ME

A companion diskette is available that in-
cludes the following ready-to-run programs:
SNATCHMON
KREBF SPELL OLD I1E.SOURCE
KREBF SPELL OLD IIE
KREBF SPELL NEW IIE.SOURCE
KREBF SPELL NEW I1IE
KREBF SPELL IIC.SOURCE
KREBF SPELL 1IC
plus a *‘must have'’ bonus book. Price is
$19.50 from:
SYNERGETICS
Box 809
Thatcher, AZ 85552
(602) 428-4073

Send $1.00 postage and handiing
for FREE COMPLETE CATALOG

which includes coupon for $1.00 OFF purchase.
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W COMMUNICATIONS |/

International Shortwave Program Listings

(See page 69 for explanation of reception codes in column following broadcast times.)

By Glenn Hauser

Afghanistan R. Afghanistan

0900-1030 D 15435

1900-1930 C 5905, 7320, 9665, 11805
or 15077

Alaska KNLS
0700-0930 C 6170
1730-2000 C 7355

Albania R. Tirana

0000-0030 A 9760, 7065
0130-0200 A 9760, 7120
0230-0300 A 9760, 7120
0330-0400 A 7300, 6200

Algeria R. Algiers

2000-2030 C 9685, 15215, 17745
Argentina RAE

0200-0300 B 11710, 15345

Australia R. Australia
2100-0100 C 17795, 15160
0200-0730 C 17795
0300-0700 C 15320
0600-0840 C 11910
0730-0930 B 11720
0800-1600 B 9580
1100-fade C 5995
1200-fade C 6060

ABC, Perth
1000-1600 C 9610

Austria ORF/Austrian Radio
1200-1230 B 15320 Sun
1230-1255 B 15320
0130-0155 B 5945, 6000
0330-0355 B 5945, 6000
0430-0455 B 5945, 6000
0300-0330 B 9770, 5945 Sun
Belgium BRT

1910=1930 C 9905 Sun

2200 =2255 B 5895, 9905
0030-0125 B 5910, 9925
0800-0855 C 9880 M-F
1300-1355 C 17610, 21810 M-Sat

Belize R. Belize
0120-0510 C 3285, 830

Brasil RNB - RadioBras

0200-0300 B 15290

Bulgaria R. Sofia

2130-2200 A 7115, 9665, 6070
2230-2330 A 9700, 11725 or 11720
0000-0100 A 9700, 11725 or 11720
0400-0500 A 7115

Burma BBS
1445-1600 D 5985

Cameroon R. Nationale
0530-0540 C 4000, 5010, 9745
2045-2115 C 9745

Canada CFRX Toronto
24 hours  C 6070

R. Canada International
0615-0630 B 11775, 9760, 7155
0645-0700 6140 M-F
1300 =1325 A 17820, 15440, 11955,
11855, 9650 M-F
1400 = 1700 A 17820, 11955 Sun
1537-1545 A 21695, 17820 M-Sat;
1645-1700 15325 daily
1800-1830 A 17820, 15260
S/S-1900
1900-1930
S/S-2000
1900-1930
2000-2030

A 17875, 15325, 11905

A 17820, 15260 M-F

A 17875, 15325, 15140,
11905 M-F

A 17820, 15325, 15150,
11945

2200-2300 A 11925, 9760 M-F

2300-2330 A 11710, 9755

0000 =0100 A 11850, 5960

Sun-0030

0100=0130 A 9755, 5960

0200=0300 A 9755,5960 Tue-Sat

0300=0330 A 9755, 5960

0400 = 0430 A 9755, 5960

CBC Northern Quebec SW Sve NAE
1158 =1359 C 6065

1400 =2329 B 11720 (S/S -2359)
2330=0609 C 6195 (Su/M 0000-)
China R. Beijing

1100-1155 C 9820

1200-1255 B 9820, 6160
0000-0055 C 9880, 11860
0100-0155 C 9880, 11860
0200-0255 C 9880

0300-0355 C 11970, 11860, 9860
0400-0455 C 11970, 9860

Costa Rica TIFC Faro del Caribe
0300-0400 B 5055 (M 0235-0435)

Cuba R. Habana Cuba
2010-2140 B 11850

2050-2140 B 17750, 15300, 9550
0100-0600 C 11725

0100-0450 A 6140

0330-0600 B 11760

0630-0800 B 9525

Czechoslovakia R. Prague
1730-1825 C 15110

2130-2200

0100-0155 B 11990, 9740, 9540
0300-0355 7345, 5930

Dominican Republic R. Earth
0300-0400 C 11700 Tue-Sun
1600-2200 B 11700 Sun
Ecuador HCJB/V of Andes
1215-1430 B 11740
1215-1530 A 17890, 15115
1900-2000 B 21477'4, 17790
2130-2200 B 21477%:, 17790, 15295
0030-0130 A 15250
0030-0200 A 15155
0030-0700 A 9745
0200-0700 A 6095
0500-0700 A 11910
0700-0830 B 5980, 9655
0700-1000 C 9745
0700-1100 C 11925, 6130
Egypt R. Cairo

2215 =2345 C 9805
0200-0330 B 9475, 9675

Ethiopia V of Revolutionary Eth.
1500-1600 D 9560

Falkland Islands F/BS
0900/0500 D 3958

Finland R. Finland

1200 = 1225 C 15400 Mon-Sat

1300 = 1325 C 17800 M/W/Th/F/Sa

1400 = 1425

1504 = 1528 C 15400, 21475

1330=1525 C 15400 Sun

1330 = 1455 C 17800 Sun

France R. France International

1605-1655 B 17795, 17620, 15435,
15315, 11705

0315-0330 B 7135, 9545, 9790, 11670

0345-0400

0415-0430 B 7135, 9535, 9545, 9550

0445-0500 11880

Germany East R. Berlin Int’l
2315-2400 B 6070, 6125, 6165
0015-0100 C 6080, 9730
0100-0145 C 6080, 9730
0230-0315 C 6080, 9730
0300-0345 B 6125, 6165
0330-0415 B 6010, 6080, 9560
0630-0715 B 6010, 6080
Germany West Deutsche Welle
1500-1550 C 17800, 15135
1930-2020 C 11785, 9715, 9700
2100-2150 C 9765
0100-0150 A 6040, 6085, 6145, 9545,
9565, 11785

0430-0515 C 7225, 9565

#
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0500-0550 A 5960, 6120, 9545, 9690,

11705
0600-0630 C 9610, 9700
Ghana GBC
0530-fade 3365, 4915

Greece V of Greece

1235-1245 C 11645, 15630, 17565
1535-1545 C 11645, 15630, 17565
0130-0140 A 6205, 9420, 11645
0340-0350 A 6205, 9420, 11645
Guam KTWR

0845-1030 C 11840

1415-1430 C 11920

1500-1600 C 9535

Guatemala AWR/Union Radio
0300-0400 C 6090.6

TGNA/R Cultural

0300-0430 B 3300 (Mon 0045-)
V of Guatemala

2130-2330 C 6180 irregular
Guinea R. Guinea

1830-1900 C 15310v, 11965 Sun irr.
Guyana GBC-2

0730-fade B 5950

Haiti 4VEH

0000 =0030 B 4930

Honduras HRVC

0300-0400 B 4820 Mon
Hungary R. Budapest
0130=0200 C 12000 Wed/Sat

0200=0230 9835 exc Mon
0300=0330 9585 daily
0400=0412 9520 Wed/Sat
0400=0430 6110, 6025 Mon

India A/l India Radio

1330-1500 C 9545, 11810, 15335

1845-2230 C 11620, 9665, 7170

2000-2230 C 9912

2045-2230 C 9550, 11875

0000-0115 C 15175

Indonesia V of Indonesia

1500-1600 C 11790

Iran V of Islamic Republic

1930-2030 C 9022

Iraq R. Baghdad International

2130=2225 C 9610

0300 =0355 D 9745?

Ireland R. Dublin

24 hrs. 6910 irreg.

Israel Kol Israel

0500=0515 B 9009, 9425, 9440, 9815,
11655

1800=1815 C 11585, 9920, 9385

2000 = 2030 B 9815, 9440, 7412

2230=2300 A 15585, 12025, 9815,
9440, 7412

0000 = 0030

0100=0125 A 9815, 9440, 7412

0200 = 0225

Italy RAJ
0100-0120 B 9575, 5990
0350-0410 C 9710, 11905, 15330

Japan NHK/R Japan

0000-0100 C 11710, 9645

0100-0130 C 17755

0145-0245 C 15195, 17825, 21610,
21640

0300-0330 C 17755

0500-0600 C 9645

0700-0800 C 9505

0900-0930 B 9505

1100-1130 B 9505

1300-1400 B 9505, 11815

1500-1600 B 21695, 11815, 9505

1700-1730 C 9505, 11815

2300-2330 17755, 15210, 15235

Far East Network, Tokyo
0900-fade C 6155, 3910

Kampuchea V of Kampuchean People
1200-1215 C 11938, 9694

Korea North R. Pyongyang
1100-1250 B 9977, 9745
2300-2450 C 15231, 9745

Korea South R. Korea

1100-1200 C 15575, 7275

1345-1400 C 15575

1400-1500 C 15575, 9750, 9570

1600-1700 C 11810, 9870, 5975

2200-2300 C 15575, 7550, 6480

0145-0245 C 15575, 11810

0330-0430 C 15575, 11820, 9570

Kuwait R. Kuwait

1800-2100 C 11675

Laos LNR

1330-1400 D 7122v

Libya R. Jamahiriyah

1830-1930 B 15450 time varies

2230=2400 A 11815 or 15450 time
varies

Luxembourg RTL

0000 =0200 C 6090

Malaysia V of Malaysia

0555-0825 C 15295, 12350, 9750

Malta R. Mediterranean

2230-2330 C 6110

IBRA Radio North America
2030-2115 B 6110

Monaco TWR Monte Carlo
0725=0800 B 7160
0725=1040 B 9493 (Sun = 1100)

Mongolia R. Ulan Bator
1200-1235 D 9615v, 12015? M-Sa
1255-1330 D 19305, 7235 M-Sa
1445-1520 D 9615v, 12019 M-Sa
1940-2015 D 15305, 7235 M-Sa

Netherlands R. Nederland
0730-0825 B 9770, 9630
1030-1125 B 9650, 6020
1330-1420 C 17605

1430-1520 C 17605

2030-2120 B 17605, 15560, 11740
0230-0325 A 9895, 9590, 6165
0530-0625 A 9895, 9715, 6165

Netherlands Antilles 7WR
1110+ 1242 A 11815 (Sat-1405,

Sun-1337)
0355 + 0455 A 9535, 800
0605-? A 9535, 800

New Zealand RNZ
0345-0630 C 17705, 15485
0930-1115 C 15485, 9620

Nicaragua V of Nicaragua
0100-0200 A 6015
0400-0500 A 6015
Nigeria V of Nigeria
0455-0800 C 7255, 11770
0500-0600 C 15119v

Norway R. Norway International
1400-1430 B 15175 Sun
1600-1630 B 11860 Sun
1700-1730 B 11865, 9565 Sun
0000-0030 C 9585 Mon
0400-0430 C 9610 Mon
0500-0530 C 6020 Mon

Pakistan R. Pakistan

0230-0248 C 7314, 15175, 17660

1100-1115  C 15595, 17660

1600-1615 C 11670, 15580, 15595,
17660, 17890, 21475

1645-1730 C 9432, 12015

Papua New Guinea NBC
fade-0800 C 9520 NAE
fade-1400 C 4890 NAE

Philippines FEBC Radio Int’l
0500-1000 C 11890
1300-1500 C 11850
2300-0100 C 15445
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R. Veritas Asia
0200-0230 C 15195
1500-1530 C 9670

Poland R. Polonia

0200-0355 C 6095, 6135, 7145, 7270,
9525, 11815, 15120

0630-0700 C 6135, 7270, 9675

2230-2300 C 5995, 6135, 7125, 7270

Portugal R. Portugal
0300-0330 A 6060, 9560
0530-0600 B 6075, 9575

Romania R. Bucharest
0200-0300 C 11940, 11810, 9570, 9510
0400-0430 6155, 5990

Sa’udi Arabia BSKSA

1600-2100 C 11855

Seychelles FEBA

0400-0500 C 11810, 15200 Sat/Sun
1500-1608 C 15325, 11895
Singapore SBC

fade-1600 C 11940, 5052, 5010
Solomon Islands S/BC/R Hepi Isles
0730-1130 C 9545 and/or 5020 NAE

South Africa R RSA

1100-1156 C 25790, 21535, 15220

1300-1556 C 25790, 15220, 9585

2100-2156 B 15155, 9585

0200-0256 B 9615, 6010, 5980

0300-0426 C 9585, 7270, 5980, 4990,
3230

0630-0730 C 7270, 15220, 11900,
17780

Spain Spanish Foreign Radio

1930-2030 C 11690, 9780

2300-2400 C 9780, 7105, 5960

0000-0200 A 9630, 11880

0500-0600 A 11880, 9630, 6065

Sri Lanka SLBC

1030-1130 C 17850, 15120, 11835,
NAE

1230-1430 C 15425, 9720

0030-0230 C 15425

Sweden R. Sweden International
1400-1430 B 17860

2300-2330 C 6045

0230-0300 C 6105, 9695

0330-0400 C 6105

Switzerland Swiss R. International
0700-0730 C 3985, 6165, 9535, 9560
1315-1345 B 17765

1530-1600 C 17830, 12035
1815-1845 C 12035, 11870, 9885
2145-2215 B 15570, 12035, 9885
0145-0215 A 12035, 9885, 9725, 6135
0430-0500 B 12035, 9725

Red Cross Broadcasting Service
1545-1600 C 11870 last Sunday

Taiwan V of Free China via WYFR
0200-0300 A 598S, 6065
0610-0710 A 5985, 6065

Thailand R. Thailand
1130-1230  C 9650/9655, 11905

Turkey V of Turkey
2300=2350 B 9560
0400 =0450 C 9560

UAE UAE Radio, Dubai

1330-1415 C 21605, 17775, 15320

1600-1700 C 15320, 15300, 11955

0330-0400 B 9565, 11730, 15435 or
7275

Ukogbani BBC World Service
1100-1300 A 5965
2200-0630 B 5975
2300=0430 B 6120
2000-0730 A 6175
0900-0915, A 6195
1100-1330
0400-0430, B 7105
0445-0515,
0600-0630
0545-0915 B 7150
2200-0330 B 7325
0300-0430, C 9410
0500-2430
0430-0915 A 9510
0030-0330, B 9515
1600-1745?
2300-2430, A 9590
0030-0230 C
0400-0430, B 9600
0445-0515,
0545-0630,
0700-0815
0545-0915  C 9640
0900-1745  C 9740
2200-0330, B 9915
Tu/F 2130-2200
2000-2300, C 11750

2300-0330 A
1500-1615 C
1100-1330, A 11775
1600-1745

(Sat/Sun 1500-; or 9515)
1800-2030, C 11820
Tu/F 2130-2200
0400-0915 A 11860
0600-0915  C 11955
2130-2200 C 12040
Tu/F

0600-2030 C 12095
0700-2030 C 15070

1600 A 15260
(Sat/Sun 1500)-1745, 2000-2330
2130-2200 A 15390
Tu/F

0615-1130, C 15400
1445-2030

0900-1615 C 17705
1100-1515 C 17790
1400-1745 B 17885
1500-1530 C 18080
fade-1515  C 21470
fade-1445 C 21550
1030-1615 C 21660
1100-1615, C 21710
1615-1745 A
fade-1515  C 25650

United Nations UN Radio Fri/Sat
1830-1840 B 21710, 15120

1930-2000 20060-LSB, 18782.5-LSB
2100-2145 B 15120, 17730

0215-0230 B 10454-LSB, 10869-L.SB
0545-0600 B 9540, 11740

0710-0715 B 11875, 9565, 7768.5-LSB
0815-0830 B 9680, 11740, 11825
1000-1030 B 9565, 8110-LSB

USA AFRTS

0900-1100 B 9530, 9590

0900-1300 A 6030

1000-1700 B 11805

1000-1800 B 9700

1100-1700 A 15330

1100-0100 B 15430

1300-0200 A 15330

1700-2300 B 15345

1800-0700 B 17765

2200-0430 C 21570

2300-0700 C 11790, 6030

0330-0700 C 15330

Voice of America

0300-0430 B 11720

0300-0800 B 7200

0300-0500 A 6035, 9550, 11835

0300-0600 B 7280

0400-0700 B 6040

0400-0800 B 7170

0500-0800 A 5995, 6060, 7170, 9670

0600-0800 A 3990, 6080, 6095, 6125,
7325, 9530, 9540, 9550,
11840, 11915

0700-0800 A 6035, 7280, 7325, 9650

1100-1500 B 6110, 7230, 9760, 11715

1600-1900 B 11920

1600-2000 B 21485

1600-2200 A 15410

1600-2300 B 15445, 15580, 15600,
177885, 17870

1700-1800 B 17640, 17860, 21545

TN — = L = s e e ——— - ___——>—0———_}
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TOUCH-TONE DECODER AND ENCODER KITS

HAL-587.12 R 33095
TOUCH-TONE DECODER. SINGLE LINE [N 12 LINES OUT. COMES
COMPLETE WITH P.C. BOARD AND ALL PARTS. NO SOCKETS.
CASE OR POWER SUPPLY.
HAL587.18 . $00.95
TOUCH-TONE DECODER. SINGLE LINE IN 16 LINES OUT. COMES
COMPLETE WiTH P.C. BOARD AND ALL PARTS PLUS SOCKETS
NO CASE OR POWER SUPPLY.

(first Sun) 21 560, 21 590, 21840 0600=0615 C 9645, 6185 :&5;:%345 ENCODER. 3 x 4 12 cmmtczrsn. USE ;oﬁ’é.’ﬁ
ING. COMPLETE W!TH ALL ELECTRONIC PARTS. |INCLUDES
1700-2200 - C 9760, 11760, 15205 Vietnam V of Vietnam R e P e
2000-2300 C 17715 1000-1030 C 12035, 9840 TOUGH TONE ENGODER 4 x 4 18 CHAFACTER. USE FOR ook
202300 B 15415 1H00-1130 € 12020, 9840 St e
2200-0100 C 17740 1330-1400 C 12020, 10040 VARIOUS CLOCK KITS
0000-0200 C 11740 1600-1630  C 12020, 10040 ST AECTRONC oG AT, acnaeoun o CE4F
0000-0400 A 5995, 6]30, 9455, 9650, 1800-1830 C 12020, 10040 OFF ANY 12 VOLT A.C. SOURCE REQUIRES 250 MA
9690, 11580, 11675, 1900-1930  C 12020, 10040 £ oaT SETToNe Choox 1 1z voun ronaur O
2030-2100 C 12020, 10040 e
WRNO Worldwide, New Orleans NAE 2330-2400 C 12035, 9840 g‘f’o'g}’sg:“:,,‘,'{i;; AN ALARIM CLOCK AND A D.C. OPERATED

1600-2100 B 15420 Yugoslavia R. Yugosiavia oPTION 11 5205

TO MAKE IT AN ALARM CLOCK

2100-2300 A 11890 1530 = 1600 C 15415 oPTION 12 458

TO MAKE IT A D.C. 12v CLOCK

2300-0100 A 9852.5 2215 =2230 B 9620 CLOCK CASE “Reg $6.50- ONLY $4.50
ONLY WHEN BOUGHT WITH CLOCK KIT
01(X)‘03(X) B 7355 12VOLTA.C. ADAPTOR Ceeem .Reg $4.95- ONLY $2.95
ONLY WHEN BOUGHT WITH CLOCK KIT
0300-0600 A 6185 et _
CRYSTAL TIME BASE K!T USING MM5389 - COMPLETE
0600-1200 - A 6185 Sun A Shoan alihbT FONERA aenenTon K 1 1 10 100 i BANER
- strong rehable . g
1200-1400 A 9715 Sun BY camislac g:i%:g&i.:;:‘?ETEE}AB“;%?‘:‘N‘SD?:.li”ar‘u"fg’ﬂ"u%”:rﬁ
- T WV LEVI NS RISE A ALL TIME. E
14(X)'16(X) A 1 1965 SUn C g . al KT WIYNCCASE ANDL'POWER SIUPPLNV AFND ALL EL%%“T‘:(L)NIC
- OccaSlon PARTS INCLUDING MANUAL.
USSR R MOSCO W 5 . SHIPPING INFORMATION: ORDERS OVER $25 wiLL BE SHIPPED
- D - difficult e
ED. HA  PLEASE | E
2202y Begnziy };(7)(5)8 19435 = - one hour earlier during DST ey e T e A
1 5 140’ i 7 ¢ COMPLETE SETS OF P C BOA;IDS AVAILABLE FOR UNICORN
7320 721 5 7 1 85 7 1 6‘; uo;oﬁvc'ﬂnointcv‘ o;(Auv ‘8‘:"‘5 PlugJ‘(cv rl::owmc 3
N 4
7150, 7115, 7105 HAL-TRONIX, INC. ]
0000-0100 A add 6115 SOUTHA T e agtss o
PHONE (313) 285-1782 AR O PICANGWLAND

0100-0300 B 17720, 17700, 15455,
15140, 12050, 9700,
7440, 7320, 7215, 7185,
7150, 7115, 7105, 6115

0300-0400 B 17700, 15140, 12050,
9700, 7440, 7320, 7185,
7150, 7115, 7105, 6115

0400-0500 B 15140, 9790, 7300, 7260,
7170, 6130, 5980

0500-0700 B 9790, 9505, 7300, 7260,
7170, 6130, 5980

0700-0800 B 9790, 9505, 7300, 7260,
7170, 5980

1000-1300 A 6115

1330-2200 A 11840

R. Kiev

0030=0100 B 7205, 9685, 9750, 11790,
15240, 15100, 7195

0300=0330 B 7195, 7205, 9750, 11790,
15100, 15240

CIRCLE 69 ON FREE INFORMATION CARD

R. Vilnius

2300=2330 B 7135, 9685, 11790,
15100, 15240

R. Yerevan

0351 =0356 C 15240, 15100, 11790

R. Tashkent

1200-1230 C 11785, 9600, 9540

1400-1430 5985, 5945

Vanuatu R. Vanuatu

0815-0830 D 7260, 3945

Vatican Vatican Radio
0050-0110 B 11845, 9605, 6015

—_——————- CIRCLE NO. 176 ON FREE INFORMATION CARD
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A Universal Active Filter

By Fgrest M. Mims Il

"n electronics, it’s often necessary to

detect the presence of a fixed-fre-
. .quency signal immersed in a jumble
of other signals and noise. Some of the
many applications made possible by this
capability include simple remote-control
systems, break-beam intrusion alarms,
two-frequency digital data recording and
telemetry systems and modems.

On the other hand, some applications
require that a fixed-frequency signal be
ignored rather than detected. For in-
stance, 60-Hz hum from the power line is
highly annoying when it is amplified
along with speech and music.

Circuits that selectivity pass or block
fixed-frequency signals are called filters.
Besides the two roles described above,
some filters can block a broad band of fre-
quencies above or beyond a certain point.

Figure 1 classifies the principal kinds of
filters by function. The bandpass filter is
the kind described above that passes a
narrow frequency band while blocking
frequencies outside the passband. The
notch filter, which is also described
above, rejects a narrow band of frequen-
cies while passing the frequencies on both
sides of the notch.

The low-pass filter passes a wide band
of frequencies below a point called the
cutoff frequency. The cut-off point is of-
ten defined as that frequency where the
amplitude of the signal falls to the — 3-dB
point. In other words, the frequency at
which the signal amplitude falls to half its
value is the cut-off point. Low-pass filters
are used to reject high-frequency noise
and in audio equalizers.

The high-pass filter passes a wide band
of frequencies above its cutoff point.
High-pass filters are used to reject 60-Hz
hum, low frequency noise and in audio
equalizers.

Active Filters

Each of the basic filters can be assembled
from a network of resistors and capaci-
tors. However, these so-called passive fil-

ter networks reduce the overali amplitude
of the filtered signal. For this reason,
most filters include a built-in operational
amplifier (op amp) to restore the signal
level that is otherwise attenuated. Such
circuits are called active filters.

Active filters have served a vital role in
analog electronics, but tuning their fre-
quency response requires changing the
values of the componentsin the accompa-
nying network of resistors and capaci-
tors. Books filled with design equations
and tables have been written on various
ways to design the networks and how to
calculate the optimum values for their
components. So while active filters using
op amps perform many valuable applica-
tions, tailoring this kind of active filter
for some tasks can be time-consuming.

Universal Active Filter

Several years ago a new kind of active fil-
ter that can be readily tuned as well as
configured to handle any of the four basic
filter roles shown in Fig. 1 was intro-

duced. This new kind of active filter,
called the switched-capacitor filter, can
be easily tuned by means of a few external
resistors. Note that No external tuning
capacitors are required in this circuit,

National Semiconductor Corp. (2900
Semiconductor Dr., Santa Clara, CA
95051) makes a family of CMOS switched-
capacitor active filters. Included are the
MF4, MF5, MF6 and MF10. Of these the
MF10is the most versatile. It includes two
separate filters in a single 20-pin DIP and
can be operated in any of the classical fil
ter configurations.

Motorola, Inc. (3501 Ed Bluestein
Blvd., Austin, TX 78721) also makes a
switched-capacitor filter, the MC145415
This device includes a pair of identical fil-
ters and is housed in a 16-pin DIP,

Operation of switched-capacitor filters
is very different from that of traditional
passive and active filters that use op
amps. Though the MF10 and other mem-
bers of its family can be used without un-
derstanding the details behind its opera-
tion, if you want to take full advantage of

Fig. 1. Frequency responses of the major types of active filters discussed here.
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this chip’s flexibility you should under-
stand its basic operating principles.

Understanding
Switched-Capacitor Filters

Figure 2(A) depicts an active integrator
made froman operational amplifierand a
single capacitor and resistor. The switched-
capacitor filter uses an integrator in
which the resistor is replaced by a capaci-
tor, as shown in Fig. 2(B).

How a capacitor can perform the job
of a resistor is interesting. Referring to
Fig. 2(B), note that the input and output
of adigital inverter are connected, respec-
tively, to analog switches S/ and S2.
When an external clock signal is applied
to the input of the inverter, S/ and S2 are
alternately opened and closed. When S/
is closed, C/ charges to the input voltage.
When S2 is closed, the voltage on C/ is
transferred to the input of the operatianal
amplifier. In other words, switching C/
alternately between the signal input and
the amplifier input allows the circuit to
function asif aresistor were connected di-
rectly between the signal input and the
amplifier. It is this switching action that
gives the filter its name.

The voltage to which C/ can be charged
and, consequently, the voltage applied to
the amplifier is determined by the period
of the input clock. Therefore, the eftec-
tive “‘resistance’’ of CI is controlled by
the frequency of the clock circuit (Fyy).
The time constant of the filter is Cg/
Cl1F¢k. In other words, the clock fre-
quency dctermines the filter’s resonant
frequency.

The filter’s resonant frequency can be
quickly changed simply by changing the
clock frequency. Unlike conventional op-
erational amplifier active filters, abso-
lutely no component changes are required.

The integrators in the MF10 are invert-
ing. Therefore, to preserve the polarity of
the input signal as it passes through the
filter, it’s necessary to add a second pair
of analog switches as shown in Fig. 2(C).
When S/ and S3 are closed, the upper
plate of C/ is positive with respect to the
lower plate (ground). When S2 and S4 are
closed, the upper plate of C/isgrounded.

)

JUL —

C
CLock T Sy

rf.*[}

=

VOUT

[+ 8 INTEGRATOR

\/DUT

b, SWITCHED - CAPACYTOR

INTEGRATOR
(INVERTING)

‘ee
} \\4.“.> Vo
or

[ C. SWITCRED — CAPACITOR
INTEGRATOR
(NON = INVERTING)

Fig. 2. Drawings illustrates evolution of the switched-capacitor integrator.

This reverses the polarity of the charge
applied to the amplifier, thereby preserv-
ing the polarity of the signal as it passes
through the filter.

The external clock circuit connected to
the filter that controls the resonant fre-
quency of the filter should haveadutycy-
cle of closeto 50%. Either TTL or CMOS
clock circuits can be used. Since changing
the clock frequency controls the filter’s
frequency response, the clock frequency
should be readily adjustable.

For more details about the operation of
switched-capacitor filters, see National
Semiconductor Application Note 307.
This excellent note was written by Tim
Regan. I suggest you also see the data
sheet for the MF10 family of filters.

The MF10

Figure 3 shows the pin outline for the
MF10and Fig. 4 shows the block diagram
for one of the chip’s two filters. Some of

the terms applied to the various terminals
of the MF10 and other switched-capaci-
tor filters are different from those applied
to conventional active filters. A complete
explanation is given in the MF10 data
sheet. Here’s a brief summary:

INV is the inverting input.

LP is the low-pass output.

BP is the bandpass output.

HP is the high-pass output.

N is the notch output.

AP is the all-pass output.

St is the signal input when the filter is

used in the AP mode.
Sa/p activates an internal switch that

connects the input of the filter’s second
summing amplifier (see Fig. 4) to analog
ground AGND (S5, = low) or the low-
pass output (Sp,g = high).

Lg,; is the level shift input. It allows the
MF10 to be used at different power-sup-
ply and clock voltages. For instance, Lgyy
should be tied to ground, V_,o0rV_p.

V.,.a and V, p are, respectively, the
chip’s analog and digital supply inputs.
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Fig. 3. Shown here is the pin diagram
of the MFI0 switched-capacitor fil-
ter, a dual filter IC device.

They may be interconnected and should
be bypassed to ground with a capacitor.

V _ A and V_pare the analog and digi-
tal negative supply inputs.

AGND is the analog ground terminal.

CLK is the clock input terminal.

50/100/CL controls the ratio of the
clock frequency to the filter’s center fre-
quency (50:1 when high and 100:1 when
at analog ground).

Remember, these explanations are con-
densed from the MF10 data sheet. Refer to
the data sheet for more information.

MF10 Demonstration Circuit

The circuit in Fig. 5 shows how the MF 10
can be used simultaneously as a tunable
low-pass/bandpass/notch filter. No con-
ventional active filter can perform these
three tasks as well and with as few compo-
nents as the MF10.

Two of the six gates in a CMOS 4049
hex inverter, together with C/, R4 and
RS, form the clock circuit for the MF10.
The oscillation frequency of the clock can
be altered via R5. Though the 4049 pro-
vides a very simple and reliable clock cir-
cuit, remember that other clock circuits
canalso be used. Also remember to ground
the unused 4049 inverter inputs.

One of the two filters in the MF10 is
configured as a tunable low-pass/band-
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pass/notch filter. Thisisreferred to as the
Mode 1 configuration in the MF10 appli-
cation note. (At least eight other operat-
ing modes are available.)

The circuit is exceptionally easy to
breadboard and operate. Be sure to follow
CMOS safety procedures when handling
both the MF10 and the 4049 to avoid possi-
ble damage to the chips. For best results,
use a variable-frequency signal generator
to supply an input signal and an oscillo-
scope to monitor the outputs.

The center/cutoff frequency of the
MF10 can be quickly tuned toa maximum
of about 30 kHz by changing the resis-
tance of RS. The LP (low-pass) gain is
—0.1, the BP (bandpass) gainis — 1 at fg,
and the Q in both the BP and notch
modes is 10. The gains and the Q factor
can be changed by following the proced-
ures given in the application note.

MF10 Tunable Tone Decoder

Among the many applications for the
MF10 is the adjustable-frequency and
threshold tone decoder shown in Fig. 6.
The circuit is designed to be connected to
the bandpass output (pin 2) of the basic
MF10 filter circuit shown in Fig. 5.

The tone decoder can be used to indi-
cate by means of its LED the presence or
absence of a tone whose frequency is de-

termined by RS in Fig. 5. The effective
bandwidth of the circuit can be quickly
reduced from more than 100 Hz to about
20 to 25 Hz simply by adjusting R6.

The tone decoder consists of the MF10
and a voltage comparator followed by a
missing pulse detector. In operation, the
BP output from the MF10 is directly cou-
pled into the inverting input (pin 2) of a
741 operational amplifier configured as a
comparator. The switching threshold of
the comparator can be altered by chang-
ing the resistance of RS. This changes the
reference voltage at the noninverting in-
put (pin 3) of the 741,

When the threshold of the comparator
is properly adjusted, its output is a train
of narrow, negative-going pulses when
the frequency of the input signal matches
the center frequency of the MF10. The
switching threshold of the comparator can
be adjusted via R6to provide the very nar-
row frequency response mentioned above.

The 555, QI, CI and R7 form a simple
missing pulse detector. When the fre-
quency of the input signal matches the
center frequency of the MFI10, the com-
parator emits a train of pulses and the
output of the 555 (pin 3) is high. When the
signal frequency is above or below the
MF10’s center frequency, the compara-
tor ceases to generate a pulse train and the
output of the 555 then goes low.

Fig. 4. This is a diagram of half of the MF10.
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Fig. 5. Using the MF10, you can build this demonstration circuit.

The LED can be connected directly to
pin 3 of the 555. However, | used one of
the spare inverters in the 4049 (see Fig. 5)
to cause the LED to glow when the fre-
qguency of the signal matches the center
frequency of the MF10.

While testing a breadboard version of
the tone decoder, [ was struck by its preci-
sion response. During a typical test, for
example, the center frequency of the
MF10 was adjusted via RS to be exactly
500 Hz. I adjusted R6 to provide a very
narrow but reliable threshold (i.e. no os-
cillation). For these conditions, the LED
glowed when the frequency of the input
signal was reduced from 500 to 496 Hz
and increased to 518 Hz. This provides an
equivalent Q (quality factor) of 500/22 or
about 23.

This tone decoder circuit has many
possible applications in remote-control,
telemetry and intrusion alarms. Since the
MFI10 includes two separate tunable fil-
ters, a Touch-Tone™ decoder can also
be designed.

Transistor Q/isa 2N2907 or any gener-
al-purpose silicon pnp switching device.
The values of R7 and C/ can be changed
to alter the response time of the tone de-
coder. By increasing the value of either or

both R7and C/, for instance, the time re-
quired for the missing pulse detector to
respond when a pulse train is not present
is increased.

This feature is useful in such applica-
tions as break-beam intrusion alarms and
moving-object detectors. In the case of
outdoor alarms, it permits the system to be
adjusted to ignor brief interruptions from
falling leaves. In the case of moving object
detectors, it enables the system to ignore
objects below a certain minimum size.

Incidentally, you can easily modify the
basic tone decoder circuit to change its
operation. For instance, though 1 con-
nected the input of the comparator to the
bandpass output from the MF10, you
might want to experiment with connect-
ing it to the notch output. Many other
modifications are also possible.

Going Further

The MF10 is representative of an impor-
tant new class of active filter that may ul-
timately obsolete most conventional
kinds of active filters. Whether or not you
have used conventional operational-am-
plifier tuned filters, I urge you to experi-
ment with one or both the circuits pre-
sented above. If your experience resem-
bles mine, you will probably think of
many applications for the versatile MF10
and other switched-capacitor filters. ME

Fig. 6. An adjustable tone decoder you can use with the previous circuit.
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B HARDWARE HACKER |/

Simple square-wave generator,
hardware digital divide-by-seven circuit

By Don Lancaster

et’s start off this month’s col-

umn with some updates. Ap-

parently Airborne Sales went
belly up, so your best source of three-way
EGR valves remains Jerryco. The best
and cheapest source I've found so far for
low-pressure pneumatic robotics air con-
nectors is Value Plastics.

There’s at least one major manufac-
turer of stock project cases that have
built-in battery compartments. Check
out Pac Tec on their HPS-9VB, HPL-
9VB, and HP-BAT-9V cases, all of which
are available in blue, tan and grey. Most
cost less than ten bucks.

As usual, all the names and numbers
are at the end of this column. By the way,
some of these sources are very hard to
find on your own, so you might want to
start your own names and numbers note-
book. I subscribe to over 200 technical
magazines and scan quite a few more to
bring these sources to you.

Also as usual, keep those calls and let-
ters coming. I'll be happy to send some
free Applewriter patches to anyone who
asks for one.

1 may be gone next month on a world
class tinaja quest, so I’ve asked Marcia
Swampfelder to make one of her rare
guest appearances. Don’t miss it.

I need a hardware digital divide-by-seven.

This is a tad heavy and specialized for
this column, but since it shows us some
important fundamentals, let’s have at it.

Say you want some oddball math func-
tion or something else that is complicated
but not totally irrational. How do you do
it? First, you must ask whether you want
to use hardware or software. Software,
once developed, is cheap and easy to
change for upgrades or customization. It
is infinitely duplicated with little or no
cost or on-hand inventory. Software,
then, is usually far and away your best
choice in this case.

On the other hand, hardware is usually
much faster and is called for whenever
operating speed is super important.

—{ at0 MUST BE PROGRAMMED
— A9 (see text)
— A7 Q?
o Cppp—— ae
INPUT ——] AS Qs . .
—1 A4 Q4 N/7?
—1 A3 Q3 ouTPUT
— A2 Q2 »
—1 A1 Q1 %
— A0 Qo
2716 EPROM e
06 QOpF——— "NmoD?"
01 aqt OUTPUT

D2 02 b

o

U

HIGH
LOW

HOLD

OUTPUT N/7?
OUTPUT N MOD?

Fig. 1. This is one way to use an EPROM to do “‘table lookup’’ of a fancy
math function. The scheme shown time-shares one EPROM (o handle both
the N/7 result and the N MOD 7 remainder.

Hardware is also needed if your circuit is
so simple that it does not already have a
CPU/RAM/ROM setup already inside it
andready to go, orif your CPU has better
or more important things that you need
done right now.

Second, you must ask whether you are
going to look up the answer or calculate
it. With the table lookup method, you
simply get the answer out of an exhaustive
list of all possible answers. Table lookup
is very fast, but needs lots of memory or
hardware storage space. Table lookup is
usually the best hacker choice, provided
the table can be kept reasonably small,
say less than 4096 total entries. There are
tricks to shorten tables, such as factoring,
compression, precoding, interpolation,
table pairs, symmetry, partial lookup,
and so on.

With the calculation method, you ac-
tually calculate the result you are after,
step by step, using some algorithm that
does the job. The calculation method is
always much slower, but often will need

far less storage space or silicon real estate.
Thus, you can look it up or calculate it
with software, or you can look it up o
calculate it with hardware. Usually, one
of the four methods will be far better than
the other three. Which one? That depends.

The most likely need for a divide-by-
seven is to speed up Apple HIRES graph-
ics animation. This is needed in calculat-
ing screen base addresses. A hardware di-
vide-by-seven isthe keytoa 50 x to 500 x
speedup of the best animation available
at the present time.

The software solutions to this problem
are well known, and appear in my En-
hancing your Apple II, Volume I (SAMS
21822) and elsewhere in the Apple litera-
ture. The original software divide-by-
seven was done by actually casting out
sevens, painfully one at a time until none
were left. The number of sevens cast out
was the result, while anything left over
was the modulo. While the code was in-
credibly compact (in those days, a 4K Ap-
ple was a really big machine), the result-

e ——
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Fig. 2. Logic can be used to calculate
a fancy math function. This module
handles one step of a binary = 7.

ing animation speed was only usefu] for
such things as modeling earth tides, snail
geriatrics, congressional reform, or gla-
cial varves. A typical calculation time was
500 microseconds per screen base address.

Modern Apple arcade graphics instead
use table lookup to handle the divide-by-
seven. The HIRES screen base addresses
are gotten out of a table in memory.
While the table lookup only takes a few
microseconds, a total of 50 microseconds
per screen address is involved with the
overhead. The tables take some 500 bytes
or so of memory, less if you get sneaky.

By using hardware on a plug-in card,
you should be able to reduce the divide-
by-seven time and its overhead to one or
two microseconds at most.

Let’s look at two possibilities.

The table lookup can be handled by a
pair of 2716 EPROMs. One handles the
N/7 result, while the other handles N
MOD 7 remainder. When properly pro-
grammed, you simply input your straight
binary word, and your result or re-
mainder pops out ready to use a few hun-
dred nanoseconds later.

EPROMS work by exhaustively decod-
ing all possible input combinations and
then giving you a unique output word of
your choice for each and every possible
combination.

1 have the source code available under
EDASM for this N/7 and N MOD 7
EPROM pair. A printed copy is yours
free on request, while both the ready-to-

change source code and the ready-to burn
hex object code costs $9.95 on disk from
Synergetics.

Pairs of EPROMs are no big deal, but
chances are you may need the space or the
power consumption elsewhere, particu-
larly if you cannot afford CMOS
EPROMs. So Fig. 1 shows a sneaky trick
that lets us time-share one EPROM for
two different tasks.

Essentially, address A10 splits the 2716
EPROM in half. If it is high, you get the
N/7 code. If it is low, you get N MOD 7.
To separate the two, you catch the N
MOD 7 output with a latch and hold it.
You look up the N MOD 7 result only as
long as you have to per the response time
of the EPROM, typically 250 microsec-
onds. Naturally, you look at and use both
results only when they are both valid.
While only half the speed of two seperate
EPROMs, this can be more than fast
enough for many needs.

Should you have fancier requirements,
you can step up to a 2732, 2764, 27128,
27256, or even a 27512 EPROM. Other
times, a second or third 2716 can be used
for more than eight different outputs.
Often though, it is far better to rethink
and compact the stuff needing looking up
down to a minimum size.

What about calculating a hardware di-
vide-by-seven?

Almost always, table lookup is simpler
and cheaper, particularly for a hacker’s
budget. A while back, I almost bought a
gate array to simplify speedup of Apple
graphics. In a gate array, the amount of
silicon real estate is super critical, so I had
to calculate a divide-by-seven. Let’s see
how it is done.

You can do a binary long division in
pretty much the same way you did deci-
mal long division in the third grade. See if
the number will fit. If so, put down how
many times it fits and then subtract to get
what’s left. If not, bring down another
place and try again.

With a binary divide-by-seven long di-
vision, there are several possible simplifi-
cations. For one thing, your answer is al-
ways one or zero, meaning ‘‘yes it fits,”’
or ‘‘no, its too big.”’ Further, your sub-

“ns7
OUTPUT

Fig. 3. By cascading modules like that

shown in the previous figure, you can

obtainalogic circuit that performs the
complete + 7 operation.

traction is always a three-digit, or octal
(ugh!) subtraction. But substracting
binary seven in octal is the same as adding
one in octal. And adding one with hard-
ware is simpler that actually subtracting
seven. Two’s complement and all that.
At any rate, Fig. 2 shows a module that
handles one step of a binary divide-by-
seven division. It obeys the rules:
IFD=1ORIFC+B+A=7THENZ=1
IFZ=0THENY+X+W=C+B+A
IFZ=1THENY+X+W=C+B+A+1
Org! What a mess! Let’s try it in En-
glish instead. Z is the result of the division
of this stage. Z is one if what’s left over
from before is seven or more, since seven
fits into seven or more. Z is a zero if
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what’s left over from before is six or less,
since seven will not fit into anything
smaller than itself. So much for theresult.

If seven did not fit, you simply use the
three lowest bits of what was left from be-
fore over again. Thus A becomes W, B
becomes X, and C becomes Y. If seven
did fit, you have to subtract seven from
the three lowest bits of what was left from
before. But, thanks to some hairy two’s
complement thinking, subtracting seven
in octal is the same as adding one. So, if
seven did fit, you add one to the three
lowest bits of what was left from before.
These become the highest three bits for
the next step in the calculation.

Figure 3 shows how you cascade mod-
ules for a complete divide-by-seven. The
Z output of each module forms part of
the N/7 output. The Y, X, and W outputs
become the three highest inputs for the
next stage. The lowest, or A input of the
next stage, drops directly down from the
N input.

The result is an N/7 output at the left-
bottom and the N MOD 7 remainder at
the right-bottom. For more precision,
you can add more modules.

Sharp-eyed readers may note a logic er-
ror on the first stage for N higher than
decimal 959. In the intended use, the
maximum possible input N is only deci-
mal 558, and N values starting with four
binary ones will not normally occur.

If this bothers you, another module
can be added at the top with its D input
grounded. Gate array people will go up
the wall calculating the worst-case propa-
gation delays on this. But, at worst, it
should be faster than an EPROM.

Anyhoo, here is a hardware divide-by-
seven. And, if you really wanted todoone
this way, a fist full of CMOS jellybeans
will do the trick. I count a dozen at fifty
cents each. Can you do better?

In fact, let’s see your ‘‘best’’ possible
hardware or software divide-by-seven.
Can you use those new PLA program-
mable logic arrays now that they are com-
ing down in price? What new software
tricks can be done to minimize calcula-
tion times or lookup storage area?

using
1/6 ?4HC14

.01 ufd

I 330K

using
1/4 74HC132

O +5U

.01 ufd

I 330K

A. The basic circuit can use a Schmitt inverter or gate.

+5P

74HC14
{top view)

Output

B. Complete circuit powerful enough to drive @ speaker.

Fig. 4. lHlustrated in these drawings are some square-wave signal generators in
which are used CMOS Schmitt-trigger integrated circuit devices.

You can also combine the best parts of
Figs. 1 and 3, using one trip through a
2716 EPROM and three simple gates. Do
you see how?

Show me a simple square-wave generator.
This is one of my favorite circuit tricks,
since it is both elegant and simple. It’s al-
so an ideal first project in electronics.
There are several different CMOS
Schmitt triggers on the market. These in-
clude the 4093, 74C14N, and the newer
74HC14 and 74HC132. The usual sources
are Motorola, National, and Texas In-

struments, among dozens of others.
Check the ads in the back of Modern
Electronics for availability.

The 4093, 7314N, and 73HCI4N are
hex inverters, while the 4584 and
74HC132 are quad NAND gates. Cost is
usually under a dollar.

Any of these will make a jim-dandy
square-wave generator (Fig. 4). All it
takes is one CMOS Schmitt inverter or
Schmitt NAND gate, one resistor, and
one capacitor.

Here’s how it works: The inputs to all
CMOS logic are essentially open circuits.

#
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Thus, a CMOS gate or inverter does not
significantly load whatever is driving it.

Further, with a CMOS Schmitt trigger,
the logic has a built-in Aysteresis, or snap
action. This means that a positive-going
waveform will not change the output un-
til it is well over halfway to the positive
supply voltage. A negative-going wave-
form will not change the output until it is
well under halfway down to ground. Be-
tween the two is a window in which the
output stays up if it was up and down if it
was down.

This snap-action is normally used to
clean up a noisy or slowly changing input
signal. Thus, the intended use of Schmitt
triggers is to detrash sloppy inputs at the
front end of your circuitry. We will use
this snap-action feature in a slightly dif-
ferent way.

Now, follow the bouncing ball. As-
sume we first power the circuit. The
charge on the capacitor is zero and it can-
not be instantly changed. Either the in-
verter or the NAND gate will have a high
(or positive) output, since both of these
invert their logic.

A high output slowly charges the capa-
citor through the high-value charging re-
sistor. The CMOS input does not load the
capacitor, so the capacitor starts building
up a positive charge.

Eventually, the capacitor passes the
lower trip point of the snap-action win-
dow, but nothing happens, since the out-
put is already high. The capacitor keeps
charging. When it gets to the upper trip
point, the output snaps down. The out-
put has now switched from a high state to
a low state,

At the same time, the resistor now be-
gins discharging the capacitor, since the
capacitor is positive and the other end of
the resistor is nearly at ground. The capa-
citor continues discharging only to the
lower trip point, at which time the output
goes high and the action repeats.

After the first cycle, the capacitor will
saw itself between the upper and lower
trip points. Typically you will see a 1-volt
sawtooth wave across the capacitor, cen-
tered at half the supply voltage. The out-

Numes & Numbers

Apple Computer
21525 Mariani Ave.
Cupertimg, {95014
{408 H96- 1010
Jerryen

6801 Lirsden PI.
Evanston. 1L 60202
(312} 475-B440
Molorula, Tne.
Box 20912
Phinenix, AF 85018
(G2} 244-G4)

() 721-5000
Pav Ter

{2159 365-K400

4300 W 62 St

National Semiconductor Co.
290K Semicanductor Dr,
santa Clara, Ca 95051

Enterprize & Executive
Phifadelphia, PA 19153
Howard W..5ams & Co,, Inc,

Indianpolis, 1N 46206
(REND 428-5AMS

Synergetics

Box BM

Thatvher, AZ #5552
(602 428-4073

Texas Instruments Inc,
Box 225012

Dallas, TX 75265
(214} 995-04] |

Yalue Plastics

5137 5. College Ave.
Fort Collins, OO 80525
{313) GLY9-4351

put will be a clean square wave of nearly
perfect symmetry. The frequency is fairly
independent of temperature and supply
voltage as well.

Resistor values can be into the meg-
ohms, and capacitor values can be into
the microfarads, letting you time out to
minutes or more. Accuracy at extremely
long time delays won’t be all that great
though, so go to the digital counter route
if you need extreme accuracy. The highest
frequency you can get with this approach
is half a megahertz or so.

You can easily vary the frequency by
substituting a potentiometer for the
charging resistor. If you do this, be sure
to add a series 10k resistor to keep the ca-
pacitor from shorting the output at the
pot’s minimum setting. For wide range
changes, the capacitor may be switched in
decade (10 X)) steps.

Here’s an off-the-wall hint. If you puta
dial on the panel behind the pot, the num-
bers on the dial will end up very cramped
and nonlinear. The solution to this is to
use an audio, or log-taper potentiometer,
and then to put the dial on the shaft and
the marker on the panel. The nonlinearity
is caused by the frequency being inversely
proportional to the pot setting. Reversing
dial and marker avoids using an extremely
hard-to-find reverse-log-taper pot.

Figure one also shows you a complete
square-wave generator test instrument
that is powerful enough to directly drivea

speaker. All this does is use the remaining
five inverters in parallel as an output
driver. Total circuit cost is under $2.

The very first cycle on power up will be
longer than the others, since the capacitor
has to charge all the way from ground,
rather than from only the lower trip
point. One place this extra delay comes in
handy is for an automatic repeat function
on a keyboard.

Several gotchas. Do not use TTL or
LSTTL Schmitt triggers as they will load
the capacitor too heavily and will not
work at low frequencies. Use the 74HC14
or 74HC132 only over a +2-to + 6-volt
supply range. The 4093, 4584, and 74C14
may be used over a +3- to + 15-volt
range and thus may be powered from a
9-volt transistor battery.

In addition, make sure that a// unused
CMOS inputs go somewhere, such as to
ground or the positive supply. Fail to do
this, and your package current will dra-
matically increase, and noise can foul up
the works. ME

Need Help?

Fhone ar write vour hardware hacker ques-
tions and comments directly fo:

[han Lancaster

Svnergelics

Hiox BOG

FThatohor, A7 5352

{602) 4254073
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¢ ‘Easy Circuit”’ (continued from page 22)

three or more pins through holes near
the corners of the board to keep it
level on your work surface.

If a 14-pin pattern is to be posi-
tioned, cut off 14 sections in one
piece from the DIP strip and peel off
the release liner. Figure 6 shows one
method for getting the release liner
started. The liner can also be started
from a corner by using a fingernail to
pry it up. Figure 7 shows how to use
the push-pin to achieve accurate
alignment between patterns and
board holes. Alignment is sometimes
more easily accomplished with a pair
of large darning needles.

Use a fine pointed tweezer to han-
dle the pattern and avoid finger con-
tact with the adhesive side. Slide the
pattern’s outermost hole over the pin
(or spear the hole on one darning
needle) and line it up so that the row
of holes is in exact registration with
the row on the board. A darning
needle can be used at the other end of
the pattern to further aid in register-
ing the pattern. If the pad is a bit out
of line, it can be levered into position
with the darning needle.

When the pattern in properly
aligned, press it firmly onto the
board’s surface. Hold the pad down
alongside the needle with a fingernail
and remove the needle and push-pin.
Firmly press the pattern down over

Fig. 7. How to use registration pins to obtain correct align-
ment between perf board and EZ Circuit pattern holes.

its entire surface. However, try to
avoid touching the raw copper traces
on the pattern and the copper tapes
when you use them with your fingers.
Place a piece of paper or plastic film
over them before you use your fin-
gers to press the patterns and tapes
into place.

With all IC and transistor patterns
in place, the circuit’s conductor pat-
tern can be completed by following
your drawing to interconnect the va-
rious points with copper tape. Where
there’s room, terminate the tape ends
with donut pads.

A word of caution: When a roll of
copper tape is first used, it has a
tendency to unravel. If it does this,
the tape is almost impossible to roll
up again. If you succeed in getting it
rolled up again, it will invariably be
kinked and wrinkled in places. When
this occurs, the release liner is likely
to work loose, allowing the adhesive
to dry out and rendering those por-
tions of the tape useless. To prevent
any of this from happening, it’s a
good idea to gently press newly
opened tape packs onto the adhesive
side of a piece of wide masking tape
to keep it wound.

Figure 8 shows a short length of
tape being positioned on a circuit
board. Figure 9 shows a short length
of tape positioned to connect with a

80 / MODERN ELECTRONICS / March 1985

wWW.americanradiohistorv.com

DIP pad being trimmed to the correct
length with an X-acto knife.

There are two methods for making
connections between two tapes. The
manufacturer recommends butting
together the two tapes and then flow-
soldering the ends at the joint. If the
ends of the tapes don’t butt exactly
and the cuts aren’t precise, you’ll
have difficulty getting the solder to
‘“‘take’’ across the joint. Even a hair-
line separation between the two butt
ends will defeat soldering. Solder will
build up on both sides of the joint and
refuse to flow together. This is the
same action that’s so much of an as-
set when soldering the closely spaced
pads on an IC DIP pattern.

The second method requires less
precision when cutting the tape.
Here, the tapes are overlapped and
burnished flat. Figure 10 illustrates
good and bad examples for overlap
joints. (With both methods of join-
ing tapes and tapes to other patterns,
it’s essential that the ends be abso-
lutely flat. There must be no curl
where they meet or overlap. If any
curl is overlooked, the joint, when
soldered, might appear to be perfect
but will usually be an open circuit.)

It is essential that every soldered
junction be checked with alow-range
ohmmeter as soon as it is made! 1f
you wait until you’ve finished solder-

Fig. 8. Correct method of laying out tape. Use tweezers to
avoid unnecessary handling of tape copper and adhesive.
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THIS GIVES A GREATER
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WEAK

BAD
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AND SOLDERS WELL

GOOD

s

Fig. 9. Shown here is a short length of adhesive-backed copper tape being posi-

tioned to connect 1o a DIP pad. The terminating end of the tape is best trimmed
cleanly and squarely with an X-acto knife or other very sharp cutting tool.

ing all joints, you’re likely to miss
one or two, each of which is a poten-
tial problem.

Occasionally, a tape joint will lift
when soldering heat is applied. If one
does, it may be possible to save the
joint by pressing down on the tape
with the point of a darning needle
while reapplying heat. Solder won’t
stick to the needle, which can be re-
moved as the solder cools. Very nar-
row and short pieces of tape must be
soldered with care or they may be
picked up by the soldering iron. If
this happens, the old solder must be
heated and wiped off the surface with
a cotton cloth. Before you make an-
other try at it, this surface must be
free of solder bumps and ridges.

When overlap joints are used,
solder bridges the joint more readily
if the lower tape is heated and solder
is flowed onto it first. Solder can then
be flowed over the edge and onto the
upper tape to complete the joint.
Tape runs that connect to DIP and
other patterns should overiap about
halfway across pad holes. If a hole is
to accommodate a component lead
as well as the tape, push a large darn-
ing needle through the hole from the
conductor side. This forms the tape
to the hole contour and permits the

component lead to enter the hole
without pushing the tape of f the pad.

Where tapes are connected to DIP
pads at the inner rows of holes, the
tape should overlap the hole com-
pletely and then be punctured with
the needle. This ensures a good sol-
dered joint between IC or socket pin
and copper tape.

Fig. 10. Drawings illustrate good and
bad tape terminations. Shaded areas
show where solder is to be flowed.

If you’re soldering a component
lead to one of the spare holes of a
double- or triple-hole DIP pattern,
make sure the joint between the IC
pin and copper tape is also secure to
the copper tape pattern. It’s possible
to have a good soldered connection
between IC pin and tape while having
and open circuit between them and

This is what a completed Easy Circuit board looks like after all connections
have been soldered. Notice how turns are made by angling the copper tapes.
This photo shows examples of 90° and angled turns and an insulated crossover.
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o LC5BURNING CUTTING CO2 LASER $15.00
* RUB3 RUBY LASER RAY PISTOL 15.00
© BTC51.5MILLION VOLTTESLA COIL 15.00
+ PTG1 PLASMA TORNADO GENERATOR a.00
# DISPILIGHTNING AND ION LAMP 7.0
# LRG3 SOLID STATE LASER RIFLE 130
KITS—Includes Plans and Parts
e LHC2K SIMULATED RED/GRN/YEL LIGHT

LASER 34,50
* BTC3K 250,000 VOLT TESLA COIL 139,54
* |0G1KION RAY GUN 109.50
o PSP3K PHASOR SHOCK WAVE PISTOL 49.50
* PPG1K PHASOR PROPERTY GUARD 175.00
= INFIKINFINITY TRANSMITTER 13450
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* { GU30 RED 1MW PORTABLE He-Ne

LASER 315.00
o TCL30 SOLID STATE TESLA COIL 35KV 74 50
= |PG50 POCKET PAIN FIELD GENERATOR 64 50
o BLS10 BLASTER DEFENSE WEAPON 89.50
* TAT20 AUTO TELEPHONE RECORDER 24.50
* PPF10 PHASOR PAIN FIELD PORTABLE 249.50
= SNP20 SECURITY PHONE LISTENER 99.50

o CATALOG CONTAINING DESCRIPTIONS OF ABOVE
PLUS HUNDREDS MORE AVAILABLE FOR $1.00 OR IN-
CLUDED FREE WITH ALL ABOVE ORDERS.

PLEASE INCLUDE $3.00 PH ON ALL KITS AND PRO- |

DUCTS. PLANS ARE POSTAGE PAID. SEND CHECK, MO,
VISA, MC TO
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the pattern pad. Solder must be
flowed onto the pattern as well as the
tape. However, reserve soldering of
connections to DIP pin holes until
after the socket or IC pin is in place.
Otherwise, the solder may prevent
entry of the pins.

With tapes and patterns all in
place, carefully inspect the circuit to
make certain that it agrees with both
the conductor pattern drawing and
the schematic diagram. If inspection
discloses an error in the schematic or
the pattern drawing, it’s much easier
to correct before any soldering has
been done. You can now solder all
connection points, including the pins
of ICs or their sockets. Then care-
fully inspect every solder point, pre-
ferably with a jeweler’s loupe. Look
particularly for poor soldering and
possible solder bridges, the latter
most likely around IC solder pads.
Having done this and corrected any
suspicious connection, you can pro-
ceed to install and solder into place
the remaining components.

When you’re done, once again
carefully inspect your work. Look
for bad solder joints, possible solder
bridging between closely spaced con-
ductors and pads, and particularly
for unsoldered points.

You might be wondering if youcan
work up a double-sided circuit board
using pressure-sensitive materials.
The answer is yest—to a limited de-
gree. The main difficulty isn’t so
much that you must perfectly register
the patterns on both sides of the
board (this isn’t too difficult in any
case, considering that you’ll be work-
ing with perforated board and pre-
pared patterns), but the fact that you
can’t make plated-through holes. If
you’re planning to build a project
that contains ICs, you won’t be able
to use sockets, because the sockets
will prevent you from gaining access
to the patterns on the component side
of the board. If you forego sockets
and solder the ICs directly onto the
board, you run the risk of damaging
the ICs with excessive heat. The

answer, of course, is to use Molex
Soldercon pins, which substitute for
sockets and obviate the possibility of
causing heat damage.

Where tape runs in double-sided
work require interconnection be-
tween traces on both sides of the
board, you can puncture both and
use pretinned hookup wire to form
bridges. Insert the wire, solder it 10
the tapes on both sides of the board,
and trim away excess length with
flush cutters.

Conclusion

You’ll find that you need very few
and simple tools to produce printed-
circuit boards using the system de-
scribed. These consist of a fine-point
tweezer, an X-acto knife or Gillette
“Widget”’ safety knife, a half-dozen
or so bulletin-board push-pins, a
couple of large darning needles, and
a low-wattage soldering iron and ap-
propriate accessories should do it.

Bear in mind, too, that E-Z Circuit
material comes in many sizes and
shapes for a variety of applications.
For example, edge-connector boards
are available for Apple II computer
applications, complemented by in-
sertion-type connector patterns.
Other bus formats are available, too.
Pressure-sensitive insulating tapes
can be used to prevent short-circuits
should you have any crossover poirts
on your copper circuitry; copper
power and ground distribution
strips, which are nicely thick and
wide, are among the many other ad-
hesive strips and patterns one can use
to simplify work.

The attributes provided by this
method of making prototype experi-
mental printed-circuit boards and
single boards for construction proj-
ects should be appealing to many
electronics experimenters and pro-
fessionals who disdain the bother of
photochemical work. ME

CIRCLE NO. 121 ON FREE INFORMATION CARD
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(from page 13)

signed to provide interference-free
communications equipment orera-
tion is the Model AC-SFK-33S Super
Filter/Suppressor from Electronic
Specialists, Inc. The unit features a
dual balanced Pi super filter and a
6500-ampere spike/surge suppressor
to deal with stubborn power-line
noise, hash and spikes. The Super
Filter/Suppressor connects to the ac
line via a standard 3-prong plug and
provides three 3-prong outlets. It can
handle a total load of 1250 watts.
$66.95.

CIRCLE NO. 129 ON FREE INFORMATION CARD

Digital Audio Processor

Sansui’s Model PC-X11 Tricode
Digital Audio Processor and a VCR
are all you need to obtain audio re-

obtain from the very best of open-
reel recorders, even those operating
at 30ips. The PC-X11 is designed for
digital recording of live music but
works equally well when dubbing CD
(Compact Disc) programs onto a
videocassette.

The processor has a greater than
80-dB dynamic range, flat response
from 5 to 20,000 Hz, and distortion
figure of less than 0.007%. Sampling
frequency is 44.056 kHz; quantiza-
tion is 14 bits (linear), signal-to-noise
ratio is better than 85 dB, wow and
flutter is said to be unmeasurable.

Sansui claims the processor’s data-
reading capability is about 100 times
more accurate than that of other
PCM processors. Evenif a section of
the digital information is blurred,
Sansui says it can be fully restored to
original form. The processor can also
deal with variations in signal ampli-
tude, which enables it to make and
play back digital audio recordings at
the slow EP (extended play) speed on
a VCR for more economical use of
tapes. Dimensions are 20 "W X 15D
x 5”H. $900.

CIRCLE NO. 130 ON FREE INFORMATION CARD
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An Automatic LED Street Number Sign (from page 59)

the board a 5000-ohm rheostat and
set it for maximum resistance.
When you install polarized com-
ponents, make certain that you ori-
ent them as detailed in Fig. 1. These
components include electrolytic ca-
pacitors C1 and C2, zener diode D1,
integrated circuit /C/, light-emitting
diode LEDI, and transistors Q/ and
Q2. Use alow-wattage soldering iron
and only enough solder to assure good
electrical and mechanical connections.
Before mounting the electronics in
the box you’ve chosen for your pro-
ject, wire together the entire circuit
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common lead going to circuit ground
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close S1. Slowly adjust the setting of
the rheostat for a reading of 27.6
volts. Disconnect the meter and pull
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circuit. Use an ohmmeter to measure

the resistance at which the rheostat is
set. The reading you obtain is the
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value of the resistor you must use for
R2. Select a fixed V2-watt resistor
with a value as close as possible to the
reading and install it in the R2 loca-
tion in the circuit. This completes
electronic assembly of the project.
Under normal operating condi-
tions, the potential on the
+ 27.6-volt line to the LED numeral
array will go to a level greater than
+ 30 volts when the display is off dur-
ing daylight hours. It may even go as
high as +40 volts above ground.
However, it will stil! be within Na-
tional Electrical Code limits because
current in the circuit is much below
the 3.2-ampere NEC specification.

The box you select for your project
should easily accommodate the LED
numeral array panel and control-cir-
cuit/power-supply (and the trans-
former if it’s to be mounted off the
board), plus a transparent sheet of
red plastic about ¥ " in front of the
LED display. The plastic sheet serves
two purposes: it protects the display
from the elements, and it enhances
the contrast of the display.

There’s only one adjustment to be
made to makethe project fully opera-
tional. That is to set R6 so that the
LED display is of f under full daylight
conditions.

If you’re planning to locate your
street number sign outdoors, it’s a
good idea to completely weather-seal
it. To do this, apply about a ' " bead
of silicone adhesive along all seams

of the box and around all hardware
that goes through the box.

In Closing

The automatic LED street number
sign described here is a maintenance-
free project. It will give you many
years of service without the need for
attention. The LEDs are rated to de-
liver a million operating hours, and
the circuit has been designed for min-
imum electrical wear and tear on
components. So all you have to do is
plug the line cord into an ac outlet
and turn on the power. M
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PRODUCT EVALUATIONS...

RCA’s VKP900 continued

ing performance of this VCR system.
So, too, do channel-pickup, tuning-
accuracy, and command-response
performance. D¢ drive-motor per-
formance appears to be adequate,
judging from the low wow and flutter
measured. With good-quality tapes,
such as RCA’s or Kodak’s HGX

T-120 series, you should obtain ex-
cellent mono audio and reasonable
stereo, considering that there is no
special head for audio reproduction.

About the only thing I’m inclined
to criticize is the usual mediocre high-
frequency video response. But be-
cause of the very high luma/chroma

S/N characteristic of this system, this
isn’t noticeable in either color or fine
detail from ordinary viewing dis-
tances. In sum, on a scale of 10, |
would very conservatively rate the
RCA VKP900 a 9+ in comparison
with its contemporaries.

—Stan Prentiss

CIRCLE NO. 122 ON FREE INFORMATION CARD

Lab quality, portability and low price:
Heath’s AD-1308 Real-Time Spectrum Analyzer
P

gilled as the ‘“‘world’s tirot hand-
held, microprocessor-controlled -
and l-octave real-time spectrum ana-
lyzer,”” Heath’s Pro-Series Model
AD-1308 represents a breakthrough
in price that professional sound in-
stallers,  technicians, recording
engineers, and advanced audio en-
thusiasts only dreamed about—an
audio spectrum analyzer, in kit form,
that sells for only $279.95! Just add
an accurate source of pink/white

noise (or buy a $49.95 Heathkit gen-
erator kit) and you have a lab-grade
instrument to fine-tune any audio
system. Being battery-powered ex-
tends its capability.

The instrument can be operated by
direct connection to an audio ampli-
fier or by using its built-in calibrated
microphone. An optional power sup-
ply/rack mount is available for
$119.95. Though each item—analy-
zer, generator, and power rack—can

be purchased separately, Heath of-
fers a package-deal price of $399.95
if you purchase all three kits at the
same time. In effect, you get the pink/
white noise generator free.

Anal 'yzer Details

Powered by six C cells (carbon-zinc,
alkaline or rechargeable nickel-cad-
mium types), the analyzer can be op-
erated completely independent of the
ac line. Of course, it can also be pow-
ered from the ac line when nested in
the accessory power supply/rack
mount, which also provides the
means for recharging the Ni-Cd cells
when used.

The instrument is very compact,
considering what it’s designed to do.
It measures 944 "W x4v4 "H x 345 "D
and weighs a surprisingly hefty 3%
Ibs, with C cells installed.

Dominating the front panel is a
large window, behind which is a
matrix array of 20 columns by 12
rows of fluorescent light squares that
selectively glow a soft blue when acti-
vated. This arrangement is used for

ﬁ

www._americanradiohistorv.com

March 1985 / MODERN ELECTRONICS / 85


www.americanradiohistory.com

PRODUCT EVALUATIONS...

Heath’s AD-1308 continued
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Fig. 1. The noise generator produced white (left) and pink (right) noise. Pho-
tos represent frequency-versus-amplitude plots from 20 Hz to 20 kHz. Fre-
quency plot is logarithmic, vertical calibration is 10 dB per division.

displaying sound/signal levels in
each of 20 haif-octave frequency
ranges. Located to the far right of the
display area is a single isolated col-
umn of light squares that indicate
overall sound pressure level (SPL).

The display window has scales and
base lines printed on it in two colors,
keyed to a DISPLAY SCALE switch,
with the 1-dB scales in white and the
3-dBscalesinred. Thereareidentical
vertical scale pairs screened onto the
display window on each side of the
matrix arrangement. The white
scales are calibrated in 1-dB incre-
ments from —9to +2 dB, while the
red scales are calibrated in 3-dB in-
crements from —27 to + 6 dB.

Along the bottom of the display
area are the calibration markings for
the frequencies represented by each
of the columns of fluorescent light
squares. The lowest frequency on
this scale is 31.5 Hz, the highest 20
kHz. Depending on the frequency
content and amplitude of the signal
or sound being tested and the posi-
tion of an OCTAVE switch, all col-
umns in the “2-octave position or
every alternate column in the 1-oc-
tave position will light. In either case,
there will be a constant indication in
the SPL column.

#
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Controls for this sophisticated in-
strument consist entirely of a combi-
nation of slide, pushbutton and ro-
tary type switches. Along the left side
of thedisplay window are the POWER,
MEMORY ! and 3dB DISPLAY SCALE, ¥
and | OCTAVE, and AVG (average),
PEAK/HOLD DISPLAY RESPONSE
switches. Immediately above the
POWER switch is a small red LED that
comes on whenever this switch is set
to the ON postion.

The momentary-action MEMORY
pushbutton and slide-type STORE/RE-
CALL switches are used in combina-
tion with another slide-type MEMORY
switch located on the lower-right of
the front panel to store incoming sig-
nal waveforms in any of the analyz-
er’s three memory banks and to selec-
tively display any waveforms stored
in memory.

To the right of the display window
is a large thumb-operated ATTENUA-
TOR for adjusting analyzer sensitivity
in 10-dB steps from 50 to 120 dB
SPL. Since the maximum range with-
inthe display itself extends from —20
to +6 dB, total SPL reading range
for the instrument can go from a low
of 50—27= -23 dB to a high of
120 + 6 = 126 dB with this switch.

Below the ATTENUATOR switch are

wwWW.americanradiohistorv.com

the slide-type A/FLAT/C SPL WEIGHT-
ING, SLOW/FAST/PEAK SPL RESPONSE,
MIC/EXT (microphone/external) IN-
PUT, and the aforementioned 1/2/3;
DIF MEMORY bank selector switches.

The 1, 2and 3 positions of the MEM-
ORY switch, when used with the MEM-
ORY switches on the left side of the
panel, enables a user to store and dis-
play up to three compiete frequency-
response ‘‘curves’’ in memory and ta
selectively display each. The DIFposi-
tion puts the analyzer into a dif-
ference mode, a feature 1 have never
seen beforein any real-time spectrum
analyzer. Considering the usefulness
of this function, I can’t understand
why it hasn’t been incorporated into
these instruments before now.

Using the difference mode, you
can compare one of the stored re-
sponse curves with a current input
and then automatically display the
difference between the two. For ex-
ample, if the output waveform of the
pink-noise generator were to be used
as the stored reference and the output
of a loudspeaker as the currentinput.
the difference mode would subtract
one response from the other and dis-
play the difference. It would then be
a simple matter to adjust a graphic
equalizer or the tone controls in an
audio system for accurate overall fre-
quency response.

The calibrated microphone sup-
plied with the AD-1308 plugs into a
connector on the top of the instru-
ment’s case. Alternatively, if you
wish to keep the mic away from the
analyzer’s case to eliminate inter-
ference effects, you can fabricate a
cable with appropriate connectors
and coaxial cable to place the mic re-
mote from the instrument.

Normally, a microphone for use
with spectrum analyzers can cost as
much as or more than the entire sys-
tem of kits from Heath, ranging from
hundreds to even thousands of dol-
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lars. How then is Heath able to sup-
ply an accurately calibrated micro-
phone as part of its low-cost pack-
age? Well, the company starts out
with a very good if not altogether
“flat-response’’ mic and then care-
fully measures its response, including
any deviations from flat. By building
into the instrument the necessary
compensation network which in-
cludes a ROM IC to correct any fre-
quency errors, the combination of
microphone plus compensated pre-
amplifier yields an overall response
that is flat within +2.0 dB over the
entire audio range when used with a
pink-noise source in an anechoic
(echo-free) environment. (An indi-
vidual calibration curve response ac-
companies each instrument.)

Used as-is, the AD-1308 provides
test and analysis capabilities only
through its microphone. To be able
to do in-circuit tests, you must have
the instrument docked in the op-
tional power-supply/rack-mount ac-
cessory. Docking is accomplished
through a miniature 9-pin (DB-9)
connector on the rear of the instru-
ment’s case.

Accessories Details

The procedure for docking the
AD-1308 analyzer in its companion
ADA-1308-1  power-supply/rack-
mount accessory is simple. You just
drop down the latter’s front panel,
slide the AD-1308 into place until its
connector meshes with the connector
built into the accessory, and flip the
panel back into place. Presented to
you then will be what appears to be a
single, professional-appearing, unit-
ized piece of test equipment. All
AD-1308 controls, plus the switches
on the ADA-1308-1, are out in the
open for immediate access. The ac-
cessory supply/rack measures 17 "W
(to fit into the standard 19" rack via
the supplied rack-mounted brackets)
X 8% "D x 5% "H.
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Fig. 2. Introducing the AD-1308 into the signal path of an audio system does
not significatly alter the frequency response of that system.

When the analyzer is docked in this
accessory, power is supplied from an
ac source. Additionally, the ana-
lyzer’s POWER switch is bypassed and
replaced by the POWER switch in the
accessory. The accessory also allows
you to connect external inputs (but
not the calibrated microphone) to the
analyzer and to access a voltage out-
put from it for connection to an rms
voltmeter, chart recorder, or other
suitable test instrument. The nice
thing about this arrangement is that

Fig. 3. Analyzer display recalled from
memory and frozen for viewing.
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when you pop the analyzer into the
supply/rack mount, you can use
standard phono-jack type cables for
connecting the analyzer to the out-
puts of audio equipment.

Another nice thing about the ac-
cessory unitis that it is roomy enough
to accommodate the calibrated mi-
crophone in a pair of retainer clips
and the accessory pink/white noise
generator, as well as one or more
pads of display forms. These items sit
nearly out of the way in the same well

Fig. 4. Display obtained when single
1-kHz tone was fed into analyzer.
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PRODUCT EVALUATIONS ...

Heath’s AD-1308 continued

as the analyzer but are ready for im-
mediate use when needed.

Operation of the power-supply/
rack-mount accessory with the ana-
lyzer properly docked in it is very
simple. There are a total of six push-
button-switch controls, arranged in a
neat column on the left side of the
front panel. From top to bottom,
these include the POWER, CHARGE,
LEFT, RIGHT, LEFT+RIGHT, and
LEFT - RIGHT switches. Immediately
to the right of the POWER and
CHARGE switches are red and green
LEDs, respectively, that come on
when these functions are selected.
The four lower switches permit inde-
pendent left and right channel input
selections or summed L and R or dif-
ferenced L and R inputs to the ana-
lyzer. All inputs and outputs are via
phono jacks located on the rear panel
of the accessory.

Housed in a plastic enclosure that
measures only 4"W x 3"D X
21, "H, the very compact and light-
weight (1.5 ozs. with battery in-
stalled) Model AD-1309 pink/white-
noise generator requires only a single
9-volt battery for operation. It’s con-
trolled by a combination power
switch/POWER OUTPUT (level) poten-
tiometer. Pink or white noise selec-
tion is accomplished simply by plug-
ging the feed cable into either the
PINK NOISE Or WHITE NOISE OUTPUT
jack, both located on the instrument’s
front panel alongside the control.

The white-noise function produces
a random-noise signal that has the
same voltage amplitude at all frequen-
cies across the audio spectrum. The
pink-noise function produces a signal
that has the same energy content per
unit of frequency spectrum (per oc-
tave, half-octave, etc.). Accordingly,
white noise plotted on a voltage-ver-
sus-frequency graph will yield a
“flat’’ response curve (see slow-sweep
spectrum analyzer scope photo in Fig.

1A). Pink noise, on the other hand,
will exhibit a downward “‘tilt”” of
about 3 dB per octave (Fig. 1B).

The photos in Fig. 1 were taken
from the face of a storage oscillo-
scope that forms a part of our sweep-
type spectrum analyzer. Unlike a
real-time analyzer (such as Heath’s
AD-1308), a sweep-type analyzer can
display spectral or frequency content
of a signal only if that signal is con-
tinuous or ongoing. In the case of a
musical signal, sounds vary continu-
ously and require a real-time ana-
lyzer such as the AD-1308 to show
what’s happening from moment to
moment.

Our own lab is equipped with a
real-time analyzer that has most (but
not all) of the features as the
AD-1308. It was purchased about
five years ago and cost four times as
much as the AD-1308! This should
give you a good idea of where the
AD-1308 stands in terms of price and
performance.

Performance And Comments_

Heath suggests that users may want
to connect the AD-1308 into their au-
dio systems so that music being heard
will be displayed as a continuously
varying set of bargraphs in the ana-
lyzer’s window. This sounded like a
good idea, but before we introduced
an “‘alien’’ piece of gear into our sys-
tem we wanted to make sure that it
wouldn’t alter our ruler-flat response
and that it wouldn’t introduce any
audible harmonic or other distor-
tion. Lab tests showed that we had no
cause for concern, as revealed by the
analyzer’s frequency-response char-
acteristics (Fig. 2), in which the maxi-
mum deviation from perfectly flat
was less than 0.5 dB, and the mea-
sured 0.5% THD. )
We had great fun storing instan-
taneous spectral content of music

passing through our audio system.
One of our spectrum analysis ‘‘in-
stants’’ of musicis shownin Fig. 3, in
which can clearly be seen how each
half-octave content is individually
displayed as an amplitude, while a
single light square shows overall SPL.

Curious to find out how sharp the
individual half-octave filters in the
analyzer were, we fed a pure 1-kHz
tone into the system and recorded the
display, shown in Fig. 4. Not only is
the display completely symmetrical
around 1 kHz, indicating the ac-
curacy of the filter’s center frequen-
cy, but response of adjacent filters, a
half octave away from the center fre-
quency used, was down some 12 dB,
indicating that the filters are ex-
tremely narrow-band in design. We
were using the 3-dB per light square
for this test.

Removing the analyzer from its
supply/rack and using the pink-noise
generator allowed us to fine-tune our
stereo system with a 10-band graphic
equalizer for a flat response in our
preferred listening location. The job
took only a few minutes, thanks to
the high resolution of the analyzer
and its Y-octave display. Even
though we discovered that maximum
system deviation from flat at any
half-octave point was no more than 3
dB, we were able to easily correct
these minor response deviations.

Aside from the satisfaction of
knowing that your sound system is
performing with close to flat fre-
quency response, the AD-1308 with
its accessories can be put to several
other practical uses. For example, we
found that the display can be used as
an accurate voltmeter once a known
voltage is fed into it for initial ref-
erence calibration. When fed with 1
volt at 1 kHz, out test unit registered
an SPL of exactly 100 dB. Wederived
a table of decibels-versus-voltage
values, after first establishing that a

| n
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10-dB change in the display repre-
sented a very accurate 10-dB change
of input. On that basis, we were able
to use the analyzer to read from
around 20 volts (126 dB in the dis-
play) down to a theoretical low of
0.07 millivolt!

If your audio interests go beyond
casual musical enjoyment and extend
to professional sound installations
and/or consulting, you can easily
pay for your investment in the Heath
equipment in a very short time. Being
portable extends its utility to mobile
audio systems. Nor will your initial
cost break the bank, asis so often the
case with professional and/or labo-
ratory grade instruments nowadays.

—Len Feldman

CIRCLE NO. 123 ON FREE INFORMATION CARD

Use the
free
info card.

How do I get
more data?

ISOLATED AC POWER
SOURCES

The new VIZ WP-29A Monitor ISO-V-AC and the
WP-30 1S0-V-AC 1) give you more power and more
accurate line monitoring for your service, quality
control or educational applications.

VIZ WP-30 Isolated Power Source/ Voltage in the WP-29A is continuously variable from
Monitor ISO-V-AC I 0 to 15C V, with current ranging from 0 to 2.25A
*5A max current; maximum. (0 to 150V, 5A maximum in the WP-30).
650 VA max power Plus large 3%" taut band meters monitor AC line
*Two farge, color coded voltage, load voltage and load current with an

*taut band meters accuracy of =2%. Leakage is less than 0.ImA
Leakage tester with alarm (lower than established ANSI limits!)

*Output relay protected
with manual reset

*Overload LED indicator
*Two grounded AC outlets

For your safety, our isolated power sources are
pratected with thermal overload devices and
grounded metal cases.

VIZ has 9 Isolated AC Power Sources in all: no
one else offers you more! Simply put, VIZ is

the Isolation Source!
See Us At Southcon 85 - Booth #1409
and Efectro "85 - Booth #3114

WVIZ TEST EQUIPMENT division of VIZ Manufacturing Co.,
335 E. PRICE STREET, PHILADELPHIA, PA 19144
215/844-2626 TLX: M0-670-2626 800/523-3666

CIRCLE 94 ON FREE INFORMATION CARD
Muarch (985 / MODERN ELECTRONICS / 91

WWW-americanradiohisternv-com


www.americanradiohistory.com

_f

MODERN ELECTRONICS MART

Classified Commercial Rates: 90¢ per word, 15-word minimum ($13.50) prepaid. l:_"v;'!.-'ﬂrd
countineludes name and address.) First word only is sef boldface caps-at no charge, Add

200 for additional boldface words.

Mart Display Rates: 1" < 1 col., $120:2"x 'col., $230; 3" ] col., $330. Prepayment dis-
count 5% for 6 issues: 10% for 12 issues prepaid al once.

(All advertisers with PO Box addresses must supply permanent address and telephone
number. Copy is subject to publisher approval.)

Mailing Information: Copy must be received by the publisher by the 2ith of the third
month preceding the cover date. Send Advertising material with check or money order to:
Modern Electranics, Classified Department, 76 North Broadway, Hicksville, NY 11801,

Cable Converters to Scramblers. Lowest
Price. COD shippers. Dealer inquiries accept-
ed. Quantity discounts. Catalog $1. P.G.
Video Corp., PO Box 296, Latham, NY 121 10
(518) 274-6593.

CABLE Scrambling Methods: Everything you
need to know! $8.95. Practical Publications,
Box 1537, Cedarpark, TX 78613-1537.

VCR OWNERS - You can add stereo sound to
your video pleasure. This easily assembled
adaptor permits TV/VCR audio to play
through your stereo system. Send $5.00 for
complete information and plans. A.E.D., Box
847, Wharton, NJ 07885.

s i, . i

MULTI-CHANNEL microwave -anten-
nas. Highest quality, low prices, deal-
ers welcome. D.T. compact $38.00;
P.T-1 $48.00; SR-1 $65.00; D.T. Gnd
$69.00; PTS-33 $75.00. All units com-
plete! Daisy Tenna, Box 42010, Phoenix
85080. 1(800)874-9033.

A 4 4 4 4 4

REVERBERATION
FOR ORGANS
Solid state with controls for rever-

beration and room size.

EVERY ORGAN SHOULD

OWN ONE. Send for free flyer—
DEVTRONIX ORGANS, INC.

6101 WAREHOUSE WAY
SACRAMENTO, CALIFORNIA 95826

REMOVES VOCALS FROM RECORDS!
Mow You can sing with the workd's best bandsl
The Thompson Vocal Ellminator can remove
most ar virlually all of a lead vocal from a standard
stereo record and leave the background!
Wirite or ¢all For & free bgechure and demo record.

LT Soaind, Dept. ME,
Stone Mountain, GA 30086

P.O. Box 338,
{404) 493-1258
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CABLE Copy of Federal Laws for $10.
Roberts, P.O. Box 63/6025, Margate, Fla.
33063.

DEALERS wanted: Channel 2, 3, and 4 notch
filters. Money back guarantee. Send $15.00
for sample and quantity price list. Specify
channel(s). LEE KURTZ, PO Box 291394,
Davie, FL 33329.

COMMUNICATIONS

COMMUNICATIONS plans, kits, books.
1750 Meter transceivers, AM/FM broadcast
transmitters, ham/CB amplifiers, surveillance
bugs, much more! Catalog $1.00. PAN-
COM, Box 130-ME2, Paradise, CA 95969.

WORLD'S MOST UNUSUAL Communica-
tions Books! A large selection of outstanding
titles covering scanners, ‘‘confidential’” fre-
quency registries, bugging, wiretapping, elec-
tronic surveillance, covert communications,
computers, espionage, monitoring, and more!
New titles being added constantly! Ask for
your large new FREE catalog. CRB Research,
Box 56-ME, Commack, NY 11725.

CB RADIO MODIFICATIONS! Increase
channels, range, privacy. Conversion hard-
ware, books, plans, kits, repairs. Catalog $2.
CBCl, Box 31500ME, Phoenix, AZ 85046.

SCANNERS, ACCESSORIES - 2% ABOVE
COST! Great Newsletter! Nationwide Fre-
quency Printouts! Send Stamp for Member-
ship Information! SPOTLIGHT-VIP, Box
3047, Greenville, NC 27836.

COMPUTERS

Control your world with your computer!
Build a simple interface and control up to 48
different devices easily! Complete plans, sche-
matics and programs in BASIC, only $9.95.
B&W Electronics, 3621 Lowden, Kalamazoo.
Mich. 49008.

TI-99/4A Software/Hardware bargains.
Hard to find items. Huge selection. Fast Ser-
vice. Free Catalog. TYNAMIC, Box 690,
Hicksville, NY 11801.

APPLE OWNERS: Hard-sided carrying cases
for Macintosh $100, Macintosh and external
drive $130, and l1c $100. Send check or money
order, or MC/Visa accepted. Justin Case
Manufacturing Corp., 334 Main Street, Port
Washington, NY 11050 (or telephone 516-
883-2299).

DIGITAL Klock Kit plays 1-of-12 melodies
each quarter hour. Displays time, date, and
other features. Send $2.00 for complete as-
sembly plans and pricing to KERBER
KLOCK KO. 36117 Hillcrest, Eastlake, Ohio

ELECTRONIC CATALOG. Over 4,500
items. Parts & components. Everything need-
ed by the hobbyist or technician. $2.00 post-
age & handling (United States Only), refund-
able with first $15.00 order. T & M Electron-
ics, 472 East Main St., Patchogue, NY 11772.
(516) 289-2520.

LASERS; Surplus units and parts, Nightvi-
sion surplus parts. Meredith Instruments,
6517 W. Eva, Glendale, AZ 85302.

Order Form
Please print in block letters.

MODERN ELECTRONICS 76 North Broadway, Hicksviile, NY 11801

Name

Street

City

State Zip
1 2 3 4 5
6 B 7 8 9 10
1 12 i 13 14 15
16 17 18 19 20
21 2 23 24 25
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WE HAVE QUALITY PARTS, DISCOUNT PRICES AND FAST SHIPPING!

Nl Y

$5.00 EACH E 7 W

TRANSISTORS | oesonen 10 prOVIOE A

106 4FORS100 | EROMABAIERY ROPALY o
222224 3FORS1.00 ORFTSITO 25 ENERGIZE COIL TO
2N2904 3FOR$1.00 i {11166)%(13”16 X covLofsECD%ogsI)AgtIMs
2N2905 3 FOR $1.00

2N2907 3FOR §1.00 $1.50 EACH SPECIAL PRICE $1.00 EACH

6 V. COiL RES 220 OHM

13/16" x 13/32" < 7/16
AROMAT # RSD-6V

$1.50 EACH 10 FOR $13.50
13 vDC RELAY

185,000 mfd. 6 VDC
2 /2'DIA < 41/2"HIGH $1.50

varistorR (|

G.E » VB2ZA12

TRANSFORMERS|RS-232 EXTENSION MIKE 7 CONDUCTOR REVERBERATION UNIT
T = S / ] CONNECTOR [ RIBBON CABLE > ’
primaries Q ;? S 7.50
j - 9 LINE ONNECTED‘ et 1 e
) 9 G 5 CONDUCTOR IN-LINE PLUG y = ACCUTRONICS
5.6 VOLTS @ 750 MA $3.00 UN"ES 1 THROUGH 8 & 20 AND CHASSIS MOUNT JACK ‘@ - E[E TRONIC O;?GALNSSPT%’;%(E\;IPDEELLN'gSSL#VSEBETAY
6 VOLTS @ 150 MA $1.25 DB25 MAIE TO FEMALE TWIST LOCK STYLE, SAME AS \ A SOUND EFFECTS INPUT [MPEDANCE 8 OHMS, OUTPUT
12VCT @200 MA $2.00 10FEET SHIELDED SWITCHCRAFT 12CL5M e IMPEDANCE 2250 OHMS. 4/ " x 16Y4" x |
1B V. @ 650 MA $3.50 $11.00 EACH $2.50 PER SET
EoiS6 Taw e SPECTR/-STRIP RED MARKER SOUND AND VIDEO MODULATOR
24 VOLTS @ 250 MA 52.50 MULTI- METER STRIP 28 GA STRANDED WIRE FOR ER
24VCT@ 1 AMP e SWITCHES 0 - 15WIoTe $5.00 PER ROLL (100 FT.) (; 2 T.I. COMPUT
> T1. = UMI38I-1. DESIGNED FOR USE
TRANSFORMER 3 STATION ;g'l?AzFlél:AETER 2K 10 TURN () + WK TLCOPUTERS CAN BE USED wiTh
MULTI-TURN POT \ Vi URCES IN A “H
WALL NON-INTERLOCKING |MEASURES § SPECTROL % d CHANNEL 3 OR 4 SELECTION Wih
3. 2PDT SWITCHES 0-15 vDC ﬁ [ S v % J  OPERATES ON 12 VDC. HOOK UP DIAGRAM
ALL ARE 115 VAC ﬁ EACH OPERATES $4.50 EACH DP $5.00 EACH INGEUDED $10.00 EACH
PLUG IN <SP INDEPENDENTLY SUB MINIATURE : @
MOUNTING CENTERS D TYPE ROTARY SWITCH 48 KEY ASSEMBLY FOR
avoC @70 MA $2.00 $1.75 EACH CONNECTOR 1POLE - T.I. COMPUTER
6VDC @ 500 MA $5.00 5 STATION ’]i““ 6 POSITION ; NEW TEXAS INSTRUMENT
9VAC @1 AMP $3.00 'NTERLOCK'N 1860008008 05 ) = 1% DIA x 1% HIGH [ KEYBOARD. UNENCODED
N G )9 a 48PS T MECHANICAL
12.6 VAC @ 265 MA $2.50 U i 75¢ EACH SWITCHES. TERMINATES
16.5 VAC @10 VA $3.50 MADE BY ALPS “\‘@“’P SOLDER TYPE SUB-MINIATURE 10 for $6.00 T0 15 PIN CONNECTOR
17 VAC @ 500 MA 3-2PDT AND vd-( 3 CONNECTORS USED FOR SOLID METAL FRAME 4" X
VAC @ $4.00 § 5. gpOT COMPUTER HOOK UPS PUS
SWITCHES ON FULLY DB-15 PLUG $2.75 U HBUTTON $6.50 EACH FOR $11
SPRING LEVER INTERLOCKING ASSEMBLY DB 15S0CKET  $4.00 POWER SWITCH EDGE
31 BETWEEN DB 15HOOD 3150 i CONNECTORS | 120v INDICATOR
TERMINALS MOUNTING CENTERS DB-25 PLUG $2.75 2= e ey - u
WO COLOR $2.50 EACH DB-25S0CKET ~ $3.50 § ﬂ“ﬂ P Wmm Qe
CODED fo 5 DB-25 HOOD $1.25 ¢ i A H
TERMINALS 5 STATION “ =, ALL ARE 156" SPACING NEON INDICATOR RATED
ona o T o ? PARAL py 120V 1/3 W MOUNTS IN
TURD @g NON-INTERLOCKING PRINTIEERL DOUBLE POLE POWER SWITCH 10 PIN EDGE 5/16"HOLE. RED LENS
BAKELITE PLATE SAME AS ABOVE, EXCEPT O NARLSKIOM oA
GREAT FOR SPEAKER ENCLOSURE EACH SWITCH OPERATES CONNECTOR $1.00 EACH SCMNBCTOH 10
OR POWER SUPPLIES M) o »  SOLDERSTvLF TRW #50-10A $2.00 EACH 00 PR 86500
L0 36PN at SWITCHES
$1.00 EACH 10 FOR $900 $2.50 EACH S USED ON 22/44 TIN
ﬁ/w/;,‘ oncrsies | MINI-PUSH BUTTON Boc stvie o mOUNTING ears GEL CELL
TI SWITCHING POWER SUPPLY OB 0 EACH SPST MOMENTARY $1.50 EACH 10 FOR $14.00 BATTERY
Tatmmiin 1 5 NORMALLY OPEN . =
WITCHING 1.D.C. MALE 1/4" BUSHING 22/44 GOLD £
TE SAME AS ABOVE. 35¢ EACH PC. STYLE $2.00 gACH 1
EQUIPHENT. WiLL 10 FOR $3.25 10 FOR $18 00 s hn
INP N LWVAC - 25.1VAC AT 1A o = == v
. , “EIPRESS 100 FOR $30 00
5 ; m»m Oh SPECIFY COLOR e OO0 12 VDC @ 1.2 AMP HOUR
v 1.2A STANDARD 2B/56 GOLD PLATED CONTAC
RIBBON CABLE RED BLACK. WHITE, N IN 4"X 113/16" X2 178
ZED W 3/4N K 4 1/t X 1 1/h0 $5.00 $8.00 EACH YELLOW $2.50 EACH R$: $15.00 EACH
o
)
] NE
FREE! FREE! FREE! SEND FOR WY-rel3: k= 48 PAGE CATALOG FREE! FREE! FREE!
LINE CORDS KEY RELAYS \ SLIDE ] POTS L.E.D.’S
= == ASSEMBLY COMPUTER - STANDARD JUMBO
JTWO WIRE | 5 key SOLID STATE RELAY | DIFFUSED
ga TWO Wi SRS m sy $1.00 GRADE | | 1°°K linear tape RED 10 FOR $1.50
3 FOR §1.00 gacu  JHEINEMANN ELECTR) = \ 2 LON GREEN 10 FOR $2.00
THREE WIRE — ol onomr o= | CAPACITORS | 5 TR“.VEL 75¢ EACH | yeiiow 10 FOR $2.00 |
18 INCH 18ga THREE WIRE CONTAINS 5 SINGLE-POLE | "0 " 2 J2VEes rq T 500K linear taper
2 for $1.00 NORMALLY OPEN SWITCHES |76 2vx 1" X 5 HIGH 2,000 mfd. 200 VDC 27/8" LONG FLASHER LED
8 FOOT 18ga THREE WIRE MEASURES 3 3/4” LONG $5.00 10 FOR $45.00 13/4"DIA, - 5"HIGH $2.00 SJX'LT?G\GE'E 75c_ EI:CH /l| snvso;StJon:goRAs?zoEN
aper
S MINIATURE 3,600 mfd. 40 VDC 31/2" LONG audio tap $1.00 EACH
SOLDERING FI 6 VDC RELAY 13/8 DIA. - 33/4"HIGH  $1.00 | 2 12" TRAVEL. $1.50 EACH B'EF%IEAR LED
7
IRON STAND CONTAINS 6 SINGLE-POLE SBh 0T o | St S0NOC  sas0 CRYSTALS e
) NORMALLY OPEN SWITCHES &: % GoLD COBALT ° ’ ‘ CASE STYLE HC33/U LED HOLDERS
soan steec & 7 MEASURES 4 1/4” LONG B CONTACTS 31,000 mfd. 15 VDC coLorBursT | TWO PIECE HOLDER ey
JRON HOLDER RATED 1 AMP AT 30 vDC: § (3/a'Dia « 4'HIGH  $2.50 | 2MHZ 3579 545 KC FOR JUMBO LED
ON WEIGHTED DC-DC HIGHLY SENSITIVE. TTL $3.50 EACH | $1.00 EACH 10 FOR 65¢ 200 FOR $10 00
BASE CONVERTER e oAl O5SBLE | 72,000 mtd. 15 vDC CLEAR CLIPLITE
R : 2°DIA <43/8'HIGH  $3.50 METAL OXIDE

HOL
MAKE LED A FANCY
ﬂ INDICATOR CLEAR
4 FOR $1.00

50 VOLTS. NOMINAL D C

BOOST SIGNAL LEVEL

(IN CALIFORNIA:
ALASKA, HAWAIL
OR INFORMATION
(213) 380-8000

POWER SUPPLY W/ PRE-AMP |. ... ..

THIS SUPPLY WAS USED TO POWER
AN 8 TRACK/CASSETTE UNITIT
WILL SUPPLY APPROX 18 VDC AND
INCLUDES A SMALL PRE-AMP TO $1.70 EACH

RCA PLUGS FOR LINE (N/OUT LARGE QUANTITIES AVAILABLE,
$4.50 EACH SOCKETS FOR RELAY 50¢ each

S
Fraial ALL ELECTRONICS CORP. &

905 S, VERMONT AVE. P.0. BOX 20406
\) 6228 SEPULVEDA BLVD. VAN NUYS, CA 91411

4 PDT RELAY

« 3 amp contacts
* 24 voltd.c. Of
120 voit a.c. coll
« Used but fully tested

specify coil voltage

e o VOLTAGE /8" DIAMETER 31/2"
CAPACITOR ¢ ea, 2 FOR s150 i j SPEAKER
MINIATURE TOGGLE SWITCHES som
ALL ARE RATED 5 AMPS @ 125 VAC ) FULL RANGE
S.P.D.T. S.PD.T. S.P.D.T. g"oﬁgmgm
(on-on) (on-on) (on-off-on) ” 4" DIAGONAL
SOLDER LUG MOUNTING CENTERS
PC STYLE SOLDER LUG
TERMINALS
'B'SSNJ:‘?EADE' $1.00 EACH Ifﬂs"g‘zf’ $2.50 EACH
OR $9.00 g F FOR $20.00
75¢ EACH e W, 10 FOR $900 'wyl)
10 FOR §7.00 0 FOR 580 0C 100 FOR $80.00
S.P.D.T. SOL|D STATE
S.PD.T. {on-on) D.P.D.T.
(on-off-on) (on-on) ( BUZZER
PC LUGS }, = STAR #SMB-06L
NON-THREADEDf[! THREADED SOLDER L ‘gG = > 1
BUSHING BUSHING == TERMINAL! '“'
P C STYLE $1.00 EACH = $2.00 EACH L}‘ g TTL OMPATIBLE
75¢ EACH 10For $9000 VT 10 foR s1a.00 ®E $1.00 EACH
10 FOR $7 00 100 FOR $80 00 100 FOR $180 00 \N® 10 FOR $9.00
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WwWWwW-americanradiohisterv-ecom

LOS ANGELES, CA 90006

ITIES LIMITED

MINIMUM ORDER $10.00 ﬁ

USA: $3.00 SHIPPING e
FOREIGN ORDERS:
NCLUDE SUFFICIENT
SHIPPING — )
CALIF. RES. ADD 6 1/2%

NO C.0.D.!
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SOLVE FOR IMPEDANCE AND PHASE ANGLE.
YOU HAVE 20 SECONDS.

800 uf
22K

10 KHZ

TIME’S UP!
If you were using MENTOR™ you’d be on problem #2.

Whether you use electronics in your vocation or you're just beginning to learn,
MENTOR™ (for the Apple |l family) is an invaluable tool.

PROFESSIONALS AND HOBBYISTS:
Save time in the design process. Often-used formulas are at your fingertips,
for quick calculation of unknowns.

STUDENTS:
Grasp fundamental electronic principles more easily. Understand the inter-
relationships of a circuit, by varying parameters and watching the related

effect.

EDUCATORS:

MENTOR™ has been aiding in electronic instruction for over 4 years, in
high schools, colleges, and universities, throughout the country.
-/‘--—- AW T
- T AT T I I AR W £ SN
S e, I L et A et ]

= ELECTRONIC DESIGN. INC. =

5701 Prescott Avenue
Lincoln, Nebraska 68506-5455

(402) 483-2238

System Requirements:
Apple i, Il +, lic, lle, Il
48K RAM, 1 disk drive

CIRCLE 95 ON FREE INFORMATION CARD

ELECTRONIC SYSTEMS NEWSLETTER
is a monthly publication written especially for
the hobbyist/experimenter. New ideas, unique
projects, sources, and more. Free details. AF
Publishing, Dept. ME1, P.O. Box 524, So.
Hadley, Mass. 01075.

CORRESPONDENCE to Asia for lasting
relationship. Free Information. AAWS-ME,
Box 2777; Orcutt, CA 93455-0777 Tel. No.
805-937-5230.

CIRCUIT BOARDS: Your artwork, quick
delivery, reasonable. Atlas Circuits, Dept. B,
PO Box 892, Lincolnton, NC 28092 (704)
735-3943.

FCC Commercial General Radiotelephone Li-
cense Correspondence Course. 60 individual
lessons for $89.50. Payment plan. Results
guaranteed! Details free. AMERICAN
TECHNICAL INSTITUTE, Box 201, Cedar
Mountain, NC 28718.

NEW ... REPAIRANY TV...EASY. Any-
one can do it. Write, Research, Box 601BY,
Colville, WA 99114.

GUARANTEED quality surplus components
for less! Free flyer. Electroni.: Ltd, 3214 South
Norton, Sioux Falls, South Dakota 57105.

POLICE Descramblers for Scanners, tele-
phone devices, etc. Free Catalog. Krystal Kits,
P.O. BOX 445, Bentonville, Ark. 72712.

Capt. Paul H. Lee’s Vertical
Antenna Handbook became a
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I
classic in its first printing. Out oi h‘—!— —
print for several years, this Second
Edition has been brought out in response to your demand and the
needs of the service. Among the topics covered are vertical
antenna theory, design, installation, and construction. Specific
information is given on vertical arrays, feeding and matching,
sho:t verticals, ground effects, and multiband and single-band
verticals, plus there is a section that answers many of the most
commonly asked questions about vertical antennas for the
amateur. The Second Edition features an addendum on antenna
design for 160 meters, the band that finaily is coming into its own.
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<= ://1-800-344-4539

C ORPORA AT (0] AK, HI, 218-681.6674 EasyLink — 62827914 TWX — 9103508982 DIGI KEY CORP

—
NATIONAL SEMICONDUCTOR » PA it z
I |0 SENCONCOCTOR - PANASONICS QUALITY — Name hrand products from nationally recognized manufactarers, AL o EJNGX’R'; éc 5
ViSA ARIES ., H|L§ES§EYNGA3LEE 0 AAV!D oF 3 SERVICE — Computerized order pmressmy and inventory control ANS INS T RUMENYS 5 0-K2 AP PRO) sCTS rém master charge
g C CHEMICALS * ARIES e
n
— NATIONAL SEMICONDUCTOR B asics $4 VMI(:‘S Vn/ume Discounts * OFEM ty anm] o Toll Free 00 Mlmller CHEMICALS ARIES » PLESSEY ¢ MOLEX + E.
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DISC CAPACITORS “FANASONIC RESTN DIFPED TANTALUM —
150 CAPACITORS - worwe Ceramic |Disc Canacitors CAPACITORS
Fan fioina sl Par R Mex R WA o i
= T [ Py &z Setncoic Wihatan g Vonaga, 5000 Body 94 VO polvesier wih Copper Allay contacts. | e s s0r s NEW!ar INEVY. xiT
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Designing Dc Power Supplies (from page 46)

and output. Don’t forget this impor-
tant difference! Because of the pin-
out arrangement of the LM-338K,
you’ll have to insultate the case and/
or the heat sink it rests on from the
chassis, especially if the chassis is
used as the common/ground!

The transformer, rectifier and
filter capacitor are selected for the
Fig. 2 circuit using the same criteria
spelled out for Fig. 1.

The LLM-338K can accept an input
of up to 35 volts. It will produce a
maximum output of several volts less
than the 35-volt input. The exact out-
put voltage is set by theratioof R/ and
R2. In Fig. 2, R2 is a variable
potentiometer. With the circuit ar-
ranged as shown, output voltage V,
will be approximately 1.25V{(R//R2
+ 1+ (R2 x 14j)]. Normally, the term
(R2 X I,4j) is so small as to be ignored.

With the values given in Fig. 2, the
output can be varied from 1.25 to
more than 35 volts (assuming the in-

New Television Converter Book
|

CIRCUITS, THEORY, WAVEFORMS,
Subscription TV Reference Manuai

This information packed book de-
tails the methods used by subscrip-
tion TV companies to scramble and
descramble video signals. Covers
the Sinewave, Gated Pulse, SSAVI
system, and the methods used by
most cable companies. Includes
circuit schematics, theory, wave-
forms and trouble shooting hints.
Only $12.95 plus $2.00 first class P
& H. Information $2.00, refundable.
Foreign orders please remit in U.S.
funds only.

ELEPHANT
ELECTRONICS

(Farmerly Random Access)
Box 41 T70-G, Phoenix, AZ 85080
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put would allow it). In some cases,
where the voltage is set and then for-
gotten, R2 will be a trimmer pot
mounted on the power supply board.
In other cases, it will be an operator-
adjustable front panel control.

Diodes D! and D2 serve the same
protection function in this circuit as
in Fig. 1. Once again, any 1N4002
through 1N4007 diode will suffice.

If you want to make the LM-338K
(or the LM-317) into a fixed-voltage
regulator, you can with one of the
two modifications shownin Fig. 3. In
one case, two fixed resistors are used
for R/ and R2. Normally, R/’s value
will be 120 ohms and R2 will have a
value selected to set the output volt-
age at the required level. In the other
case, R2becomes R2A4 and R2B, with
the value of R2B being roughly 10%
to 15% of the value of R2A4 and set to
trim the output to a precise value.
This latter arrangement has the ad-
vantages of fixed operation, while al-
lowing trimming of the output to the
exact voltage required.

Our final circuit, shown in Fig. 4,
has two LM-338K regulators con-
nected together to form a 1.2- to-16-
volt dc regulated power supply capa-
ble of delivering 10 amperes. Since
the cases of the LM-338K devices are
connected together, you can use the
same heat sink for both. Potentio-
meter R2 sets the output voltage and
is adjustable to just over 16-volts dc.

The input voltage for the Fig. 4 cir-
cuit can be acquired from rectifying a
12.6-volt ac (rms) transformer’s out-
put and filtering it with 15,000 uF, or
more, of capacitance.

Conclusion

The dc power supply is very impor-
tant to the success of any electronic
project. Dc supplies are also very im-
portant to have on your workbench.
With the information presented, you
should now be able to design and
build most of the elementary supplies
needed by hobbyists and experi-
menters in solid-state electronics. ME
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The Handy New LogicScope™ 136

True Dual Trace * 10 MHz Real Time Bandwidth * 3 Input Channels * I/O Port
Digital Waveform Storage ¢ Boolean Waveform Operations * Audio Functions
8.0 (L)x4.5(D)x 1.75 (H) Inches * 1.25 Pounds * 9 Volt Battery/AC Operation

Consider the LogicScope 136

B The LogicScope 136 is the next logical step in test instru-
mentation for you. It combines many of the features and capa-
bilities of sophisticated logic analyzers and oscilloscopes . . .
and 1t fits in your hand. Never before has so much technology
been avaifable in so.small an instrument, at such a low price.

B The pccket-sized LogicScope 136 1s made possible by a
patented breakthrough in display technology. The conven-
tional CR™ has been replaced by a unique array of 400 LED’s
that pern: ts simultaneous display of two digital waveforms.

B The 126 can be used for viewing single shot events, or
repetitive waveforms. It can be operated in real time mode, or
in memory mode which permits acquisition and storage of up to
50-100 bi1 waveforms. These can be recalled, logically com-
pared (AND, OR, EXCLUSIVE OR) to other input waveforms,
or output o an external device via an I/0 port. This I/0 port
will also a_cept future add-on 136 Modules.

B [ts very low cost, convenience and ease-of-use make the
LogicScop: the ideal instrument, for designing, troubleshooting
or repairir g digital systems. Made in US.A.

Consider its Engineering & Field Service Applications:

B On microprocessor-hased systems, check the timing rela-
tionship of various parameters relative to the system clock anc
other key events. Its storage capability allows visual and logi
cal comparison of non-repetitive waveforms to known refer-
ence signals. Output in the start-up of the digital device can be
compared to reference signals to determine the operating state
of the device. Questionable waveforms can be stored for analysis.
| Itslight weight and small size make the LogicScope conven-
ient to take on every service call. The 136 provides much moze
mformation for trouble shooting a digital system or periphera
than a logic probe or digital counter without having to lug an
oscilloscope or logic analyzer along.

Contact us for the name of your local distributor
CIRCLE 91 ON FREE INFORMATION CARD

POCCET TeCHNOLOCY, INC.

7320 Parkway Drive, Hanover, MD 21076 U.S.A.
301-796-3300 TELEX 908207

Division of Renaissance Technology Corp.
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