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gh-performance, easy-to-operate Communications Receiver

with single-knob tuning system and digital frequency display!

Up-to-the-minute events and informa-
tion from anywhere in the world, includ-
ing foreign shortwave broadcast (music,
news, propaganda, etc.), emergency ship
communications and other marine trat-
fic, standard AM broadcast, Amateur
Radio Operators, all 40 CB channels,
military and government messages, iong-
distance industrial communications,
standard time/frequency signals...and
other exciting transmissions...it’s ail
yours through the R-1000!

Highly accurate, sensitive, selective, and
stable, the R-1000 has a unique fast-tuning
systern that covers the shortwave bands,
plus medium-wave and long-wave frequen-
cies. Even SSB communications signals are
received perfectly.

Its many features include:

= Continuous frequency coverage from 200
kHz to 30 MHz

« 30 bands, each 1 MHz wide

= Accurate five-digit frequency display and
iHuminated analog dial

« Built-in guartz digital clock and ON/OFF
timer

e Up-conversion PLL circuit and wideband
RF circuits provide exceptional perform-
ance and easy operation without the need
for bandspread, preselector, or antenna
tuning

* Multi-modes ... AM (wide and narrow), SSB
(USB and LSB), and CW

« Three built-in IF fiters .. .for SSB and CW
(2.7 kHz), for AM narrow (6.0 kHz), and for
AM wide (12 kHz)

« Effective communications-type noise
blanker (superior to noise limiter)

» Step attenuator {(0-60 dB in 20-dB steps)
to prevent overioad

+ Recording terminal (built-in timer controls
recording time through remote
terminal)

« Tone control for best audio
response

¢ Built-in 4-inch speaker for
quality sound reproduction

s [lluminated S-meter

« Dimmer switch to controi panel lights and
digital display intensity

* Adjustable bracket for optimum operating
angle

* Three antenna terminals for high-imped
ance wire leads and a 50-Q coaxial lead

Optional Accessories:
¢ SP-100 matching external speaker
¢ H3-4 and HS-5 headphones

The exciting R-1000 is designed specifically
for those who demand the highest gquality
and it's available only through selected com
munications equipment specialists.

Write or call today for more information
and for the address of your nearest
Authorized Kenwood Communications
Dealer.

TELEPHONE: (213) 639-9000

CIRCLE NO. 15 ONFREE INFORMATION CARD
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- Tiny BASIC!* VP-700

Color. VP-590 add-on Color Board allows program % Expanded Tiny BASIC Board
control of 8 brilliantcolorsforgraphics, colorgames. puts this high-level language
Plus 4 selectable background colors. Includes on your VIP. BASIC stored
sockets for 2 auxiliary keypads (VP-580). $69: in 4K of ROM. Ready for im- *
mediate use—no loading

) ) necessary. This expanded
Sound. VP-595 Simple Sound Board provides 256 | s BASIC includes the standard
tone frequencies. Great for supplementinggraphics | : Tiny BASIC commands plus
with sound effects or music. Set tone and duration | 12 additional—including
with easy instructions. $24! color and sound control!
Requires external ASCH
encoded alpha-numeric
keyboard. $39!

Music. VP-550 Super Sound Board turns your VIPinto amusic |
synthesizer. 2 sound channels. Program control of frequency,
time and amplitude envelope (voice) independently in each
channel. Program directly from sheet music! Sync provision
for controlling multiple VIPs, multitrack recording or other
synthesizers. $49:

Memory. VP-570 RAM Expansion Board adds 4K
bytes of memory. Jumper locates RAM in any 4K
block of up to 32K of memory. On-board memory
protects switch. $957

EPROM Programmer. VP-565 EPROM Programmer Board
comes complete with software to program, copy and
verify 5-volt 2716 EPROMs—comparable to units .
costing much more than the VP-565 and ViP put \\
together! Programming voltages generated on “~

board. ZIF PROM socket included. $99! .

EPROM interface. VP-560 EPROM Interface
Board locates two 5-volt 2716 EPROMs (4K
bytes total) anywhere in 32K of memory.
VIP RAM can be re-allocated. $34

Auxiliary Keypads. Program
your VIP for 2-player inter-
action games! 16-key keypad
VP-580 with cable ($157)
connects to sockets pro-
vided on VP-590 Color Board
or VP 585 Keyboard Interface
Card ($10%).

ASCHi Keyboard** Fully encoded, 128-character ASCII
encoded alpha-numeric keyboard. 58 light touch keys
including 2 user defined keys! Selectable upperandiower
case. Handsomely styled. Under $507

COSMACVIP letsyouadd
computer power a board at a time.

With these new easy-to-
buy options, the versatile
RCA COSMAC VIP
(CDP18S711) means even
more excitement. More
challenges in graphics,
games and control func-
tions. For everyone, from
youngster to serious hobby- puter store or electronics
ist. And the basic VIP com- ‘ \ parts house. Or contact
puter system starts at just $249* assembled RCA VIP Marketing, New Holland Avenue,

easy to program and operate.
Powerful CHIP-8 interpre-
tive language gets you into
programming the first
evening. Complete docu-
mentation provided.

Take the first step now.

Check your local com-

>
2\ O
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and ready to operate. Lancaster, PA 17604. Phone (717) 291-5848.
Simple but powerful—not just a toy_ -Suggested retail price COP18S711 does not include video monitor or cassette recorder.
“*Available 1st Quarter, 1979.

Built around an RCA COSMAC micro-
processor, the VIP includes 2K of RAM. ROM
monitor. Audio tone with a built-in speaker.
Plus 8-bit input and 8-bit output port to inter- The fun way

face relays, sensors or other peripherals. It's into computers.
1980 EDITION CIRCLE NO. 14 ONFREE INFORMATION CARD
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Tomorrows tools.
For todays problems.

You m ght say we make time machines.  simp ifies Zesign, mainlenar e field service,

CSC'ssrrarter tools for testing anc educazion. . .wherever vou n2ed logical
d=sign help you make the most of your ime answexs at a ogical price.
ir every comei of electronics by working Alsc nstumental n making life sasier
smarter ins:ead of harder, for far less then are CSC's va ue-packed test nstruments.
you'd expect. Inclul ng palm-size frequency counters that

We give your head a head start with a gofiama.d oo past 550 M-z Dur Ultravari-
variety of sdderless breadbozerding sys:ems apble 2.ls= S=nerator™ :hat li«es ug toits name

that let ycu trar slate ideas directly into witha-ang= -1 0.5Hz to 5 Mz and a duty
working circuits, as fast as ycu can think. cycle variazl= over ten- millich-ta-one. A

We offer the most logical way to test function g=nerator whose VOC s externally
lagic—The _ogical Force™ —portable, circuit-  sweepable ~ar 100:1.
powered digital instruments that dramatically There s a lot more, tco. All in our new
cdtthe time(and cost) of diagnosing state- 38-page catalog, crammed ~ull of smarter
oriented ‘ocic. Available singl, or in Logical ideas n tes-irg and design. Send for your free
Analysis TestKits. The Logica Force copy thday

Smarter tools for testing and design.
ZONTINENTAL SPECIALTES CORPCRAICN Call tO” _.r_e fOf de tails
- [
70 Fuiton Terr, New Waven, CT 0650€ (2020 6243103, TWX 710-465.1227 -
A0S Cep Mhomcialty o, i 197 732 = E 1-800-243-6077
Zanade Len fan<ler Ltd., Ontario ] 8:30AM-5PM Eastern Time

Available at selected local distributors, € Copyrich: 1979Continarczl<Specialties Corgoraticn
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The following microcomputer products are featured on the 1980
Electronic Experimenter’s Handbook cover: (left to right) front
row, Apple disks and cassettes (software), Apple Single-Disk
Drive and Apple Il Computer with game paddles; second row,
Heathkit Line Printer and Percom TFD-100 Dual Disk Drive;
back row, Zenith color TV monitor.
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When you’re into electronics,
Calectro is into whatever you
need — whether it’s ideas,
instructions, or a complete
supply of parts S ¥
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PROIGCY OF THE WORTH

Calectro has projects designed for
you: a "Project of the Month”, con-
ceived by the Calectro engineering
department, along with detailed in-
structions and a list of all the Calectro
parts you need to build it!
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Calectro has parts and accessories:
printed circuit materials, tools, meters,
testing devices, equipment boxes,
sockets, switches, IC’s, transistors, rec-
tifiers, lugs, fuses, bulbs, wire, connec-
tors, terminals, jacks, transformers, and
lots more — everything you need to
complete your project. And you'll find
more of the parts you want at your
Calectro store than anywhere else.

Calectro has literature: the Calectro
Handbook — a valuable guide and
product reference for the experi-
menter, hobbyist, audiophile, techni-
cian, and student; plus handbooks on
semiconductors, circuits, and more!
Coming soon: a new Calecto Hand-
book, a compendium of popular
project ideas.

Whatever you need in electronics,
your Calectro distributor is your
surest, finest source!

Calectro
Products of GC Electronics, Rockford, IL 41101
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FOUR Of These

Huge Books
For Only
$1.99

Build Your Own Working Robot

Compiete instructions —plans, schematics, logic circuits, and
wiring diagrams — for building Buster, the most unique pet in
the world! Not for novices, Buster is a sophisticated experiment
in cybernetics. You build him in 3 phases, and watch his
personality develop as you add progressively more advanced
circuitry to his mainframe. The first-phase robot, Buster I, is
“leash-led,” and dependent on his master for decision-making;
Buster Il has a basic brain; equipped with a wireless mike, he
can enter a room and talk with the occupants. Buster I1l responds
when called, and when “hungry ' finds his charger, and plugs
himself in. Watch his personality evolve as you build him from
the ground up in a learning experience unparalieled in electronic
construction. 238 pps., 117 illus. List $8.95.

Handbook Of Remote Control & Automation Techniques

A practical, step-by-step guide to designing, building, and
installing hundreds of remote control systems, and scores of
automated devices...from garage door openers to light sensors,
from intercom controls to electromechanical timers —to inter-
facing a microprocessor with household devices. You'll learn how
to apply electronic and mechanicaf techniques to remote-control
with computers, with audible tones, with uitrasonics, with radio
waves, with light beams, with dozens of special systems. You
can build light and power failure sensors, position indicators,
tone-operated systems, tone generators, RC hydraulic de-
vices...and you'll see how to interface mechanical devices,
hydraulic systems, and electric motors with eléctronic systems.
294 pps., 250 illus. List $12.95.

Digital Interfacing With An Analog World

A GIANT 406-page handbook that shows you how to design
circuits to interface microprocessors, computers, telephones,
and other digital devices with the analog world...that shows you
how to really put your microcomputer to work to measure certain
conditions, or to control external devices. Tells you all about how
to go about it —how to convert energy produced by pressure,
force, position, temperature, etc. into an electrical voltage or
current your microcomputer can deal with. It shows you, tells you,
describes and discusses things you can do with those /0 ports
other than connect them up to a prefabricated peripheral! It's a
‘meaty’” volume chock-full of practical info on a wide range of
topics for engineers, computer hobbyists, engineering techni- |
cians, and robotics builders. 406 pps., 277 illus. List $12.95.

The Complete Handbook Of Robotics

How to design and build ANY kind of robot...including ones with
microprocessor “‘bratns” —PLUS how to interface robots with
computers! It's a single sourcebook that contains all the
techniques you'll need for creating, designing, building, and
operating your own robot from beginning to end...with enough
options to create a whole family of robotic wonders — controis
can be electrical or electronic; power can be electrical, hydraulic,
or pneumatic; your robot can operate by radio control or with a
full range of sensors to move about on its own. This practical
volume gives ALL the info needed to build a walking, talking
triend and companion, or even @ helpful servant. includes 7
Chapters on advanced robot circuits, controis, and sensors. 364
pps.. 137 illus. List $12.95.

® The 4 introductory books carry a publisher
$47.80 They are yours for only $1.99 for all 4 (plus postage/
handling) with your Trial Membership

tion, Afternates, and other books. every 4 weeks (13x a year)

automatically. If you do not wish to receive the Selection, or if you
want to order one of the many Alternates offered, you simply give

and return it to us by the date specified. This date allows you at

delivery. you do not have 10 days to make a decision and so
receive an unwanted Selection, you may return it at Club ex-
pense

« To complete your Triai Membership, you need buy only four
additional monthly Selections or Alternates during the next i2
months. You may cancel your Membership any time after you
purchase these four books

® All books —including the Introductory Offer — are fully return

able after 10 days if you re not completely satisfied

@ All books are offered at low Member prices. plus a small
postage and handling charge

@ Continuing Bonus: If you continue after this Trial Membership,
you will earn a Dividend Certificate for every book you purchase.

Three Certificates.plus payment of the nominal sum of $1.99 will

entitle you to a valuable Book Dividend of your choice which you
may choose from a list provided Members.

robotics

for only

et us send you this i-volume, 1,302-page
Robotics Library as part of an unusual offer
of a Trial Membership in Electronics Book Club.

Here are quality hardbound volumes, each
especially designed to help vou increase your
know-how. earning power. and enjoyment of elec-
tronics. Whatever your interest in electroncs,
you'll find Electronics Book Club offers practical,
quality books that vou can put to immediate use
and benefit.

This extraordinary offer is intended to prove
to vou through your own experience. that these
very real advantages can be yours...that it is pos-
sible to keep up with the literature published in
vour areas of interest, and to save substantially
while so doing. As part of vour Trial Membership,
you need purchase as few as four books during the

Facts About Club Membership

retat! price of

® You will receive the Club News, describing the current Selec

®1f you want the Selection, do nothing; it will be sent to you

nstructions on the reply form (and in the envelope) provided,

east 10 days in which 1o return the form. If. because of late mail
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An Extraordinary Offer to introduce you to the benefits of Membership in

ELECTRONICS BOOK CLUB

: invites you to take
. this 1,302-page

library

1_92

Only $1.99 for
ALL FOUR!

Regular List
Price $47.80

Top-Quality
Hardbinding

Contains the
very latest
info on
Robotics!

Almost 800
illustrations

Contains over
500,000 words

1,302 data-
packed pages

4
v
v
v
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coming 12 months. You would probably buy at
least this many anywayv, without the substantial
savings offered through Club Membership.

To start vour Membership on these attrac-
tive terms, simply fill out and mail the coupon
today. You will receive the 4-volume Robotics
Library for 10-day mspection. YOU NEED SEND
NO MONEY. If vou're not delighted, return the
books within 10 days and your Trial Membership
will be cancelled without cost or obligation.

ELECTRONICS BOOK CLUB, Blue Ridge Summit, Pa. 17214

ELECTRONICS BOOK CLUB

Blue Ridge Summit, Pa. 17214

Please open my Trial Membership in ELEC-
TRONICS BOOK CLUB and send my 4-volume
Robotics Library, invoicing me for only $1.99
plus shipping. If not delighted, | may return the
books within 10 days and owe nothing, and

@ have my Trial Membership cancelled. | agree

to purchase at least four additional books
during the next 12 months after which | may
cancel my membership at any time.

Name Phone
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HE choice of computers spread be-

fore you in the pages that follow
may seem dizzying. But choosing the
right one isn’t all that hard once you
know what you want it for and what re-
quirements your need imposes.

So the logical starting place is the
application. Microcomputers are used
for a wide variety of purposes: for pro-
gram development and teaching oneself
to program; for business applications
such as accounting and inventory; for
word processing to develop cleanly
typed reports, letters and the like; for
small mass mailings; for education in
non-computer subjects; to handle home
data such as recipes, Christmas card
lists and the checkbook; tocontrol home
and industrial devices; to play games;
and for mathematical computation.

The more such applications you have,
the more sense computers (basically
all-purpose devices) make. For some
single applications, in fact, alternatives
to the computer make more sense. If all
you want is to play games, for instance,
get a programmable video game, and
be done with it. The game will probably
cost less, and put more interesting, car-
toon-like graphics on your TV screen.
Similarly, if all you need to do is com-
plex calculation, consider a programma-
ble calculator. Again, the cost will be
less—and you'll be able to carry the
calculator with you at all times.

But calculators can play only limited
games, and TV games have only limited
calculating ability, if any (not counting
the small but growing number of games
that can be converted into full-fledged
computers). If you're interested in both
these applications at once—or in any of
the others so far mentioned—you'il
need a full-fledged computer.

But which one? All computers have
some similarities: They all have some
sort of input device to enter programs
and data, some sort of output device to
verify the input data and show what re-
sults the computer comes up with when
the program runs. They all have proces-
sors, the chips that do the actual com-
puting; and memory to hold programs
and data while they're being used. But
the types of input, output and processor
differ, as do the amount of memory and
the number of accessories or peripher-
als which can be used with the system.

Input and Output. The most visible
differences between computer systems
are usually in their input and output
(1/0, for short) facilities. These are
channels of communications between
6
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the computer and you. Each speaks
very different languages, and one mea-
sure of I/0 sophistication is how clever-
ly the system can disguise that fact.

In its most primitive (and, today, rar-
est) form, the system will communicate
in binary, a numbering system based on
twos. A completely binary 1/0O system
would have a row of eight switches to
input each 8-bit computer command or
data ‘‘word'" and eight lights per
“‘word" for output.

More commonly, the system will
translate such binary numbers as
**11000000" into an octal (base-8) num-
ber such as ‘300" or a hexidecimal
(base-16) number such as "*C0"". (Since
hex numbering requires more digits than
our base-10 decimal system, it follows
the digits 0-9 with the letters A-F.)
Many low-priced, single-board comput-
ers have calculator-like keypads and
displays for either octal or hex input
and output.

But octal and hex are only more so-
phisticated ways of talking machine lan-
guage, the instructions that computers
understand directly. Machine-language
programs run very quickly, and don't
use much memory. But they're cumber-
some to write since you must not only
learn at least a hundred or so instruc-
tions and how to use them, but must
learn them as abstract numbers like
*“CD" or “305".

Consequently, keypad-and-display
computers are only useful as is, for
writing very short programs, especially
programs designed to interact with oth-
er devices rather than with people. Con-
trol applications are often a perfect
match for these computers. Here, the
limitations of keypad programming
aren't serious, and the computers are
small and cheap enough to be assigned
to specific devices, or sometimes even
to be built into them.

But most such computers also have

ELECTRONIC EXPERIMENTERS HANDBOOK



i o s 7

; e:g«;m% Fo e }
E/w‘é‘w ¢ . 3oy o ‘5’;%%1‘% ¢ b
% "
. Step-by-step guide .- *

¥

to selecting a s

. mlgrocomputer system:
. s . o 'ai&
[
0% . ¢

#

¢ fa
. wg

w #

S L .
P L

Note: For computer
¥ terminology, see Computer
Glossary, page 98.
Microcomputer Products -
* ‘Directory slar}t,s on page 100.
A %

> 1
Py & o
¥ v ik 3 &
¥ iy 8 4 B @
> B o . ¥ it
¥ . A

4

i 4 l
ports for communicating with other 170
devices. Connect one to a terminal,
which combines a full typewriter-like
keyboard with a video display screen or
a printer, and you can work with other
programming languages which use the
entire alphabet and other symbols.

With the keyboard's full set of char-
acters at your command, you can pro-
gram in assembly or high-level lan-
guages. Assembly language is just a
word-for-word translation of machine
language from abstract numbers into
more easily memorized abbreviations.
In 8080 assembler, for example, the in-
struction “‘return if not zero’' is “RNZ".
In machine language, it would be either
“CO" (hex), ‘300" (octal) or
*11000000" (binary). A program called
an assembler translates the mnemonic
abbreviations into machine code, as
well as performing such useful tricks as
letting you call subroutines (frequently
invoked sub-programs) by name, in-
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stead of remembering their memory ad-
dresses.

But that's still doing things the com-
puter's way, not yours. High-level lan-
guages, such as BASIC or PASCAL, use
standard English words (though some-
times in abbreviated form) to represent
whole sequences of computer opera-
tions. In BASIC, for example, “PRINT
SQR(SIN(Y))" will make the computer
tell you what the square root of the sine
of Y is. An assembly-language program
for that would probably fill up this col-
umn.

Just as with assembly language, a
special program is needed to translate
your BASIC or other high-level language
program into the computer's com-
mands. That program can be read into
the computer from a tape, or can be
permanently built into the computer's
memory. If you use BASIC a lot, it is a
great convenience to have it instantly
on tap whenever you turn the computer
on. If you don't, this feature won’'t make
much difference to you.

The typewriter keyboard and video
screen are the most common microcom-
puter 1/0 devices, but there are varia-
tions and alternatives available. Many
of these systems let you not only dis-
play letters and numbers (alphanumer-
ics) on the screen, but ‘‘draw’ pictures
(graphics) on the screen as well. The
pictures are often rather crude, being
composed of clearly noticeable blocks,
but they're useful for such applications
as games, graphing mathematical func-
tions, and in business for bar-graph and
other displays that are easier to under-
stand than tables of numbers. Color
makes the games more exciting and the
bar-graphs more readable, but raises
the cost of the computer, too.

Graphics programs written in BASIC
run very slowly; for speed, you'll have to
use assembly language programs. Bear
that in mind if you plan to write your own
graphics. If you want fast graphics at
low cost, you'll find a few graphics-
capable machines with hex keypad in-
put for machine-language programming.

Even alphanumeric video displays dif-
fer. Some computers have built-in video
monitor screens. Others are usually
sold with a video screen in a separate
cabinet. Still others include video output
circuits to feed signals to a video moni-
tor screen. To feed it to a regular TV
receiver, though, you'll have to convert
that signal to a modulated radio-fre-
quency one by passing it either through
an r-f modulator or through a video-cas-
sette recorder, if you have one. Not all

computer/recorder combinations work
well, though, nor do all r-f modulators.
(The latter cannot be legally sold unless
it's in kit form.) Try to check out your
combination in the store or on a money-
back guarantee. Computers with built-in
r-f modulators are beginning to appear,
too. This feature makes most sense in
home systems, where there's likely to
be a TV receiver available, than in a
business or industrial system.

There are also differences in how
much information you can put on the
video screen. Alphanumeric displays
are available with 16 lines of 64 charac-
ters each, or less, and with 25 lines of
80 characters, or more. Graphics dis-
plays also differ in the number of hori-
zontal and vertical elements they can
show—the amount of picture detail, in
other words. The more information you
pack on one screen, the more you take
in at one glance. But more detailed dis-
plays cost more, and require higher-
resolution monitors. As a result, high-
density displays often cannot be used
with r-f modulators and TV receivers.

Keyboards are more standardized.
The basic differences are in keyboard
“feel" (more likely to matter to an oper-
ator who already knows touch typing
than to a hunt-and-peck operator) and
in the presence or absence of separate
numeric keypads. These keypads are
very worthwhile in applications involving
large amounts of numerical entries,
such as in business accounting or in
scientific computation. It's far quicker to
punch numbers into a calculator-like
nest of keys in a compact bunch than to
use a row of number keys spread out
across the top of the keyboard.

One major difference between type-
writers and computers is that some
computers display only upper-case, or
capital letters. That's fine for most ap-
plications, but not for word processing.

Word processing systems are mostly
used for business, where it costs lots of
money to turn roughly typed or written
drafts into smoothly typed letters and
reports. On a typical word-processing
system, the operator can enter text,
make corrections of all kinds, then com-
mand the computer to print out a per-
fectly typed, finished copy. If it’s a form
letter, the computer can turn out a sepa-
rate copy for each name and address
on its list. Such systems are being
adopted by offices, by free-lance writ-
ers and others.

Most small computers communicate
with you through video screens. For
most applications, this makes perfect
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sense: video systems are fast, silent,
reliable, and don't use up paper.

But there are times when it definitely
pays to have a permanent record of the
computer's output. Word processing is
an obvious example, but so are ac-
counting  (including your personal
checkbook), alphabetizing of lists, or
making written records of your programs
that you can send to friends or carry with
you while you look for problems and
improvements. Properly programmed, a
computer could print out your shopping
list in the order that the items appear
in on your supermarket’s shelves.

In the early days of small computers,
Teletype® printing terminals were the
most common /O devices. Today,
video screens—on terminals or con-
nected directly to the computer—are.
But most systems do allow separate
printers to be added to the system. If
this is important to you, check how eas-
ily the printer can be added to any sys-
tem you're considering, and how much
the printer and its connections will cost.

Inside the Computer. It's no accident
that we've been talking only about ext-
ernals so far. For the input-output com-

munication channels between you and
the computer have far more to do with
its utility than many of the circuits inside
do.

The most important of these circuits
is probably memory. You’'ll find comput-
ers here with as few as 256 ""bytes’ of
memory, each byte being an 8-bit com-
puter "'word’' that can represent a sin-
gle alphanumeric symbol or a single
computer command. You'll also find that
many are expandable to as many as
65,536 bytes, variously abbreviated as
either "64K" or ""65K"’. (The two figures
are equivalent; the "K' stands for
"1024”, a binary number that’s only a
little different from the decimal 1000,
usually abbreviated ""k'’. The figure of
65,536, representing 64 of those *'bi-
nary thousands’’, could be abbreviated
as either 64K or, in decimal, 65k; but
the capital “K" is used, confusingly, for
both, in this one instance.)

Most systems, though, fall into the 2K
to 32K range. Memory costs money, so
the more you have, the more the system
costs. But the more memory you have,
the longer the programs you can store,
and the more data you can have avail-
able for them to work on.

There are two types of memory: RAM
and ROM. RAM (Random-Access Mem-
ory) is used for temporary storage of
programs and data and for the results
of program runs. The contents of RAM
can be changed at will, and many of
them change constantly during the run-
ning of a program. But those contents
also fade out within seconds when the
power is turned off.

That's where ROM comes in. ROM
(Read-Only Memory) doesn’t forget—
but you can’t readily change it, either.
Hence, ROM is used to hold vital pro-
grams which you'll use all the time,
such as those which instruct the com-
puter how to accept input from the key-
board. Some computers have BASIC in
ROM, too—on others, you have to load
in the BASIC language program from a
tape each time you use it.

Most computers have more RAM than
ROM. Typically, a system will wind up
having about 2K of ROM (about 8K or
10K with BASIC in ROM) and 16K or
more of RAM (less, if BASIC is in ROM,
since that frees up the RAM space that
BASIC would otherwise occupy). They
may start with less, but sooner or later,
more memory is added.

For A Demonstration Or Further Information Contact Your Local Computer Store.
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Some inexpensive systems, usually
the single-board, keypad-and-display
type, have very limited RAM space on
board (perhaps 1K or 2K). Most of
these allow other boards to be connect-
ed with more RAM. But unless your ap-
plication is a simple one using machine-
language or assembly-language pro-
grams (device control, for example), be
sure any system you buy can be ex-
panded to include enough memory for
all your needs. There's no hard-and-tast
rule about how much is enough, except
that business systems seem never to
have enough memory.

Mass Storage. Programs, other than
those in ROM, must be fed into the com-
puter every time you turn the system on
or switch from one program to another.
Entering them each time from the key-
board or keypad is ridiculously time-
consuming, and almost inevitably leads
to errors. So it's vital to have some
easy, foolproof way to save programs
and re-enter them.

The use of punched paper tape has
virtually died out, since it's a slow and
noisy procedure. Most small computer
systems standardize instead on cas-

sette tape, either built in or as an
accessory program storage device.
Most such systems convert programs
and data into tones which can be re-
corded on ordinary audio cassette re-
corders, but a few record digital pulses,
not audio tones, which requires a spe-
cial recorder. Cassettes, especially au-
dio cassette systems, are fairly slow
(they require several minutes to load
BASIC, for example). But they're faster
than paper tape, use tape you can buy
almost anywhere, and they usually
make extra use of a cassette recorder
you already own. Cassette programs
are not always interchangeable be-
tween different computer makes,
though a few cassette formats available
as accessories for many computers,
have achieved fairly wide use.

If you need more reliable loading
(cassettes sometimes have to be load-
ed several times before you get them
right), quicker loading, and faster ac-
cess to a wide variety of programs and
data, then it's time to consider floppy
disks. Floppies are basically magnetic
recording tape cut into discs instead of
ribbons. They use digital recording and
are very fast—BASIC or other long pro-

grams typically load in seconds. They
also speed up access to programs and
data. Getting from the first program on
the disk to the last is a matter of moving
the head a few inches from the outside
to the inside track. In contrast, getting
from the first to the last program on a
C-60 cassette means moving about 250
feet of tape past the head. Disks also
load more reliably than cassettes.
And, when they don't load properly, re-
loading takes only a few seconds more.

Unlike cassettes, disks allow much
interchangeability between computer
systems, especially with systems based
on the 8080, 8085 or Z80 processors.
Many companies sell 5%-inch disk pro-
grams written for use with these sys-
tems. Moreover, Digital Research's
CP/M operating system simplifies inter-
change of programs from different com-
puters using the foregoing processors.

The processor is, for the most part,
less important than the system you use
it in. If you're programming in BASIC or
some other language, you'll find as
much difference between versions of
BASIC running on a common processor
as between versions running on alto-
gether different ones. If you program in
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assembly or machine language, you'll
find unlike processors very different to
work with, but you'll also find that every
processor has its firm adherents, with
each processor's advantages being
balanced by disadvantages relative to
other processors. The best way to
choose is to settle for whatever proces-
sor is in the system which best suits
you, and for which the programs you
need are already available.

There are, however, some excep-
tions. To begin with, there are now sev-
eral processors (such as the Tl 9900
and the LSI-11) which use 16-bit
“'words’’ instead of the 8-bit ones used
by most microprocessors. This allows
them to have larger, more powerful in-
struction sets (some, for instance, can
do muitiplication directly, which the 8-
bit processors can't), to handle larger
numbers, and to run some programs
(especially those involving large-num-
ber arithmetic) more quickly. But they
cost more—and need more memory.

There's also a chip called the Pascal
Microengine, which is designed to work
specifically with PASCAL, a computer
language of growing popularity. So far,
there are few application programs
available in PASCAL for microcomput-
ers, but you can expect to see more of
them in the next few years.

Structure and Expandability. Any
computer system worth its salt is de-
signed to allow expansion. Your needs
may grow or change; your budget will
certainly grow, allowing you to make ad-
ditions piecemeal.

Computer systems can be expanded
in a variety of ways, and a given com-
puter may use several of them. The sim-
plest way to expand a system is to plug
more integrated circuits into sockets al-
ready provided for them. This is usually’'
done to expand RAM and ROM memory,
and only for moderate expansions.
Many single-board computers use this
method, but so do some larger ones.

A more popular and more versatile
route to system expansion is to plug in
additional circuit boards. This implies
that the computer will have some sort of
bus structure, which is a group of sig-
nal, data, address and power lines into
which boards can be plugged in any or-
der. Several bus systems are in use,
some are used in just one model of com-
puter, other (such as the S-100) are
used in many.

Boards are available for a very wide
variety of purposes: to expand memory;
to add more 1/0 circuits for additional
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terminals, printers and the like; to gen-
erate speech or sounds; to accept
voice input; to tell the computer what
time it is; to allow the user to build cir-
cuits of his own; to control other de-
vices; to communicate by phone with
other computers and terminals; to test
integrated circuits; to add graphics ca-
pabilities; to send and receive Morse
code; to interface with computers using
other buses; to speed math processing;
and many more.

Some computers, chiefly very com-
pact ones, require a separate ‘‘box"’ to
hold more than a minimum of extra
memory, |/O and other circuits. Others
combine approaches, with an expan-
sion box built around an S-100 bus.

Peripherals. Much system expansion
occurs outside the computer. With the
right programs and |/ O circuits, a com-
puter (even the kind whose built-in key-
board and video screen make it a termi-
nal unto itself) can support several ter-
minals around an office or house. For a
very few machines, there are programs
available which allow several terminals
to operate at once.

Even a one-terminal system can fre-
quently use an add-on printer, for all the
reasons already cited. But the applica-
tion has a lot to do with which printer
should be selected. The main choices
are between dot-matrix and character
printers; between impact, electrosensi-
tive and thermal printing systems; and
between printers offering upper-case
(capitals) only and those offering both
upper and lower case.

To record computer programs, type
mailing labels, do shopping lists and in-
voices, among other things, an upper-
case printer is quite adequate. But for
typing letters and manuscripts, both up-
per- and lower-case are needed. Upper
and lower case are also recommended
for any long text—pure upper-case text
is harder to read. Lower case costs
more, but the readability is worth it.

Printers that make fully-formed char-
acters, like a typewriter, also produce
more readable, more personal-looking
text than those which form letters from
a matrix of separate, unconnected dots.
Dot-matrix printers tend to be cheaper
and faster, though, so you may prefer
them for short texts and program
dumps. The more dots, the more read-
able: a 5X7 dot matrix is rather crude to
read; a 9X 12 matrix almost as easy as
formed characters, though it still has a
computer-printed look.

Impact printers work on the same

principle as the typewriter, pressing an
inked ribbon against the paper. This
makes them the noisiest of printers, but
allows them to use any ordinary paper
(your letterhead, for example) and to
produce carbon copies.

Thermal and electrosensitive printers,
by contrast, are quiet, require no ribbon
replacement, make only one copy at a
time, but require special paper that's of-
ten available only from computer-supply
dealers. That means they cost more in
the long run than plain-paper impact
printers, though electrosensitive print-
ers are about the least expensive ones
to buy. However, electrosensitive paper
is silver-colored, not white, which
makes it hard to read. Both thermal and
electrosensitive printers are only avail-
able as dot-matrix types.

Printers can also be used for graph-
ics. At the simplest level, this means
mapping your printout as you would
when ‘'drawing’ pictures with a type-
writer. “‘Daisy-wheel’ character print-
ers, such as the Qume and Diablo, can
be used to draw even finer pictures,
since their printheads can be advanced
by 1/10 or 1/12 the width of a normal
printed character, but the use of soft-
ware to do this with microcomputers is
notcommon yet. Many dot-matrix printers
can be used to draw dot pictures, too.

Modems are another useful accesso-
ry, allowing your computer to communi-
cate with others by telephone. Origi-
nate-only modems, the least expensive
type, let your computer call up others.
Originate/answer types also let others
call you up. Some of the latter type also
have “auto answer” facilities, so they
can answer calls even in your absence.

The Systems Approach. When you
buy a computer, you're not just buying a
computer. You're starting a system. So
your choice should be governed by the
entire system it belongs to, and how
well that system suits your application.
Can the system be expanded to keep
pace with your future needs? Can you
get the peripherals you need—disk
drives, modems, printers, device control
boards, or whatever? How easily can
you add any extra memory you may
need, and at what cost? How many
companies supply equipment to use
with this system? And, most important
of -all, is software available to make this
system do what you want and need it to
do? If the answer to all these questions
is yes, then you've found the right sys-
tem. This is an area where the help of a
good dealer is well worth seeking. O
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ETTING a computer system up and

running is a process that begins
befofe you buy it: you must make sure
that all the pieces you need are included
in the system and that they’ll all work in
harmony. Even when they don't, there’'s
rarely cause for panic. The problem usu-
ally is not one of product defects, but of
mating those products properly with one
another. In a simple system, such dif-
ficulties may never arise at all.

For some computers start-up is simply
a matter of plugging it in, turning it on,
and following instructions in the manual
to establish a dialog with it. This is the
case with a small, self-contained system
that combines a terminal keyboard and
video display in one package. For many
others, it's almost as simple: the monitor
screen and cassette recorder are in sep-
arate housings that must be plugged
into the computer itself.

But for some others, you'll need to do
more, and possibly even buy additional
components. Some popular computers,
for example, don't include video monitor
screens. You'll have to purchase one
(your computer dealer will be sure to
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GETTING YOUR SYSTEM UP /AIND RUNNING

have some), or have a home TV set
modified by a serviceman to include a
direct video input, or buy an r-f kit to con-
vert the computer's video output into a
TV-channel signal that your television
receiver can pick up. Some computers
have modulators built in, for use with
regular TV sets. And if you have a video
cassette recorder, you may be able to
use its video input and built-in modulator
to put computer images onyour TV set's
screen—or to record them. This does
not work with all computer/VCR combi-
nations, but it does work well with some.

Displaying your computer’s output on
a standard TV set's screen costs far less
than buying a separate monitor. But us-
ing a monitor has advantages, too: it
leaves the TV screen free for others in
the family to use. Moreover, it will likely
give you a sharper image because the
signal bypasses the modulator and the
set’s tuning section and, in many cases,
because the monitor has higher band-
width than an ordinary TV set.

Some monitors are just TV sets with
the tuners removed (yet with a higher
price, alas). Others are specifically de-

BY IVAN BERGER

signed for higher resolution than TV re-
ceivers have. The most commonly cited
monitor specification that relates to res-
olution is bandwidth. A bandwidth of 4.5
MHz is probably the rock-bottom mini-
mum to look for in such a monitor, while
anything over 6.6 MHz will be wasted in
most home-computer  applications.
(Computers with high-resolution or high-
density graphics output may require
more than 6.6 MHz, though; consult
your system’'s manual to be sure.)

Separate Terminal. Many comput-
ers come with neither keyboard nor
video output. You can communicate with
them in either of two ways: by equipping
the computer with an input port for a
separate keyboard and a video output-
board to feed a monitor screen or r-f
modulator, or by equipping it with an in-
put/output port through which it can
communicate with a terminal.

A terminal is simply a keyboard com-
bined with a video display or printer, with
provision to display or print both your
keyboard input and the computer’s re-
plies. Computers which do not have
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their own keyboards and screens or
video output will either come with the
recessary ports or have them available
as accessories.

Accessory video and input/output
(I/0) boards (as well as accessory
boards for memory and other purposes)
may either be made for specific comput-
ers or be designed to plug into most
computers using a given “bus.” A bus is
a standardized layout of signal lines and
connectors that allows circuit boards of
many kinds to be added and subtracted
at will. The S-100 bus is the most com-
mon one among small computers.
When adding boards, it is important to
check whether the total power drawt
by all boards in the system will still be
within the power supply’s capacity.

Serial and Parallel Input. There are
two types of input/output circuit: serial
and parallel. Most keyboards require
parallel connection, with all eight data
bits per data “word" (a character or
command) reaching the computer simul-
taneously, each through its own wire.
This is the efficient and inexpensive
way, since the computer also processes
data in parallel internalily.

Most computers use serial connec-
tion, with the bits sent one at a time over
the same pair of wires. Serial 170 circuits
Cost more, but are easier to use for long
wiring runs. Computer terminals are
usually serial devices. Printers are of-
ten available in both serial- and
parallel-connection models. The extra-
cost serial option is for use when the
computer and printer must be some dis-
tance apart.

Once you've set up whatever devices
you need to communicate with your
computer, what you “say” depends less
on the system hardware than on the
software, or programs, which tell it what
to do and how to respond to your input.

Most computers on the market today
have a high-level language (usually BA-
SIC) in read-only memory (ROM). In
some, the computer is ready to talk BA-
SIC with you as soon as you turn it on. In
others, you need a key-stroke or two to
enter BASIC.

With some computers, though, you
have to load BASIC into your main
memory from a cassette recorder, floppy
disk unit, or paper tape (though paper
tape is rare, today). Such computers will
usually have a different program in ROM
and a monitor program (not to be con-
fused with a TV monitor), which tells the
computer how to load new programs
from tape or disk and how to interpret
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your keyboard commands. A very few
computers, however, réquire that you
enter a “bootstrap” program into the
computer in order to load the monitor
from tape of disk. Such computers must
have front panels allowing direct input,
either in octal or hexadecimal numbers
from a keypad, or in Binary numbers
from a bank of switches (one switch per
bit). Even front-panel machines nowa-
days will usually have ROM monitors,
rendering the bootstrap unnecessary.
But the front-panel is useful in de-bug-
ging programs and hardware.

Floppies and Casséttés. Loading a
program in from tape ©r disk requires a
cassétte or floppy-disk system to load
them from. Many computers today have
one or the other built in. Most, though,
require that they be added externally.

Of these, many come with a separate
recorder, whilé others include only an in-
terface for storing data and programs on
a standard audio cassette recorder.

Adding floppy-disk systems to your
computer (or adding cassette, if your
computer lacks it) is usually a matter of
insérting a special board into the com-
puter, then connecting the disk or cas-
sette unit to it. (The new, hard disk sys-
tems now appearing also require such
boards.) As with I/0 boards, these may
be designed for specific computers or
for common busses—but there are also
afew which connect to regular 170 ports.

Having a cassette or floppy-disk Sys-
tem does not necessarily mean that you
can readily swap programs or data with
other floppy- or cassette-equipped hob-
byists. There are a wide variety of Sys-
tems and “standards.” Only computers
with both the same type of processor
(e.g., 6502, 8080/280, 6800, 1802) and
floppy or cassette systems operating on
the same standards can interchange
programs in this way.

There are many variations to watch
out for. Different cassette systems may
record different sets of tones on the
tape, may transfer data at different
speeds, and may use different combina-
tions of characters for the start and end
of each taped record. Record and play-
back volume settings may be critical
when interchanging tapes from systems
which are theoretically identical.

With floppy disks, there are even
more variations to note. Floppies come
in both full (8-inch) and mini (5Y%-inch)
sizes, and some mini-floppies record
more tracks on the disk than others.
Some systems use “hard-sectored”
disks, with a ring of small holes sur-

rounding the large, central one: others
are “soft-sectdred,” with but a single in-
dex hole. Several systems are available
in both single- and double-density ver-
sions, with single-density unable to read
double-density disks.

Despite this wide range of variation,
there is far more standardization in flop-
py systems than in cassettes. Users of
$-100 bus systems are fortunate in this
respect: the North Star and Micropolis
mini-floppy systems, and 8-inch floppy
systems using the CP/M operating sys-
tem have become de facio standards,
with programs available in these formats
from many vendors. The CP/M disk op-
erating system (DOS) is even available
for North Star and Micropolis disk set-
ups. Neither, though, can read disks
written by the other, or interchange disks
with full-size CP/M systems.

There are also several S-100 bus cas-
sette “standards,” such as Tarbell, Kan-
sas City (the only one officially adopted
as a standard, and one of the least
used) and CUTS. But none of them are
as popular now as they were before disk
systems became common.

Computers of vast popularity, such as
the TRS-80, Apple, Pet, KIM-1 and Sor-
ceror become standards unto them-
selves, of course, with software avail-
able for them from many sources. There
are even crossbreeds: S-100 bus inter-
faces are available for all of these com-
puters (though not all S-100 boards can
be used with some of them). And sever-
al companies have appropriated CP/M
for the TRS-80.

Interfacing. Computer boards, pe-
ripherals and other extras are not like hi-
fi components: You can't just plug them
together and automatically expect them
to run. Usually, a few adjustments are
needed for smooth operation.

Those adjustments may simply in-
volve flicking a few switches, or moving
jumper wires from one hole on a board
to another. Or they may involve small
modifications to programs or hardware.
But they always require good documen-
tation—operating and service mahuals
for your hardware, source listings (or
other detailed manuals) for software—
S0 you can figure out justwhat to do.

It also pays to draw on outside help
and advice, when available. A computer
club, if there’s one near you, will be full
of potential helpers. Your dealer or deal-
ers will also help. The more you buy
from one dealer, of course, the more
helpful he'll be. That's not just because
he’'s made more money from you

ELECTRONIC EXPERIMENTERS HANDBOOK



(though that is a factor). The more of the
system that came from him, the more
likely he is to be familiar with whatever
components aren’t working with each
other properly.

Problems are easier to deal with when
you know what to expect. So here's a list
of the major areas likely to need atten-
tion when setting up a system:

Memory. Every machine-language
program (including monitor programs,
interpreters or compilers for BASIC and
other languages, assemiblers, disk-oper-
ating systems, and so on) will be de-
signed to reside and run in a specific
block of memory addresses. Make sure
when you buy your software that pro-
grams which will bé in your system’s
memory at the same time use different
blocks of memory. This would include
both programs designed to work togeth-
er (editors and assemblers, for example)
and all programs in ROM or PROM.

Beé certain, too, that your memory
boards are set to the addresses that
your programs require, and that no two
memory boards are sét to the same or
overlapping addrésses. Changing a
memory board’s address is usually a
matter of moving a jumper wire or reset-
ting some small switches.

Using a fast processor (such as a
4-MHz Z80) with slow memory can
cause problems, too. Many memory
boards provide for “wait states” to slow
down the program long enough for the
memory to catch up with the processor.

i/0. Input/output ports have ad-
dresses, too. These addresses must
also agree with the programs that use
them. Setting up your /O boards’ ad-
dresses to match your software is as
easy as changing a memory board’s ad-
dress. But changing your software’s [/O
address calls can be easy, too. (Chang-
ing @ program’'s memory addresses is
often a major undertaking.) So which
should you change if the hardware and
software disagree?

Where change is called for, the an-
swer may be to split it between software
and hardware. Programs in ROM or
PROM (“firmware”) can’t be modified
readily, so you'll have to set your port
hardware addresses to match those pro-
grams. Then modify any software which
calls for different port addresses, so it
matches the way you've set your hard-
ware up.

Serial settings. Serial 1/0O may need
some further tinkering. First, the baud
rate (data transmission speed) of both
the port and the peripheral connected to
it must be matched. Other options must
1980 EDITION

also be made to agree between the port
and the peripheral: Some systems are
“full duplex,” with the terminal not show-
ing your keyboard input until it's reached
the computer and been echoed back;
others are “half duplex,” printing or dis-
playing the keyboard input as soon as
i's entered. Some serial circuils usé
RS-232 signal levels and connections,
while others use 20-mA current-lgop lev-
els and connections instead. Parity bits
(transmittéd as a check against trans-
mission efrors) and stop bits (marking
trarisitions between data words) must be
set to match as well.

If one component offers no choice in
any of these matters, then all other com-
ponents should be set to match it. Other-
wise, the choices can be made fairly ar-
bltrarily, so long as the same choice is
made for any two devices which com-
municate with one another.

Timing requirements. Microcomputer
components must work in synchroniza-
tion with each other. Since they also run
at lightning speeds, that makes their tim-
ing as difficult as it is critical. The more
different sources your boards came
from, the more likely such problems are
to occur. Getting the timing right can re-
quire trial-and-error replacement of ca-
pacitors or resistors in timing circuits—
strictly a job for the knowledgeable.

Bus variations. Scores of manufactur-
ers made module boards for the S-100
bus for several years before the |IEEE
defined a standard configuration and
standard signal formats for it. As a re-
sult, boards from different manufactur-
ers may use the same bus lines for dif-
ferent signals, or one manufacturer's
board may require a signal that another
manufacturer's board puts out. (This is
especially true of Z80 CPU boards,
many of which do not generate all the
signals which 8080 boards do.) When
contacting the manufacturer of any
board which seems to be malfunction-
ing, be sure to list all the other boards in
your system so that he can spot troubles
which lie in a conflict between boards.

Software. A computer is useless with-
out programs. You'll doubtless buy a
monitor program, a high-level language
interpreter or compiler (probably BASIC)
or both when you get your machine. But
you'll quickly find that you need others to
perform whatever tasks you purchased
your computer for. You can write these
programs yourself, key them in from
printed books or listings, or buy them on
tape or disk.

Writing your own programs is both the

most time-consuming and most satisfy-
ing of the thtee. And once you develop
the necessary programming skills (often
one of the main reasons for buying a
coinputer in the first place), you'll wind
up with programs that are custom-
designed for your particular needs and
ways of thinking.

Keying in a program from a printed
listing may do nothing for your ego, but
it's faster. You may also find that pro-
grams written for other computers may
require some modifications to run on
yours. There are, for instance, more dia-
lects of BASIC than there are of Chi-
nese, and programs written in one dia-
lect may use commands inscrutable to
other dialects. (David Lien’s The BASIC
Handbook is an excellent guide around
such problems.)

Entering a program from a tape or
disk is fastest and easiest. But to work,
the program must be distributed in the
disk or tape format your system uses. If
written in machine language, it must be
configured for your memory and /0 ad-
dresses (though you can load it first,
then alter it). And if in BASIC or some
other high-level language, it must be
written for your specific language inter-
preter or compiler. This can be more crit-
ical than it looks. Programs saved on
tape from 8K Altair BASIC, for example,
may not run properly in 12K Altair BA-
SIC. (The 8K program would work per-
fectly in 12K, though, if it were entered at
the keyboard from a printed listing, not
loaded from the tape.)

When you buy a program, you should
try it in the store, first, to make sure it
does everything you want in a way that
you find natural and convenient. If possi-
ble, try it on a system exactly like yours.
Since most dealers sell programs for the
systems that they sell, you'll probably be
able to try them at your dealer’s on a
system similar to yours. The main ex-
ception to this is the Radio Shack
TRS-80. Only Radio Shack stores sell it,
and they sell only Radio Shack pro-
grams. But the TRS-80's popularity has
led rany mail-order suppliers to sell
progfams for it, though they do not natu-
rally have the “walk-in" facilities or local
location to permit a demonstration.

In conclusion, don't think that, just be-
cadse so many finicky details may need
atténtion, a computer system is a chron-
ic invalid. Think of it rather as much like
a baby, requiring fussing and attention
before it can do anything appreciable on
its own. And some computers—like
some babies-—give you pure pléasure,
with no trouble at all. <&
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PERF BOARD
VIRING TECINIOVES

Rapid circuit assembly and

alteration methods using perforated board.

BY ADOLPH MANGIERI

FOR EXPERIMENTERS

Useful tools inelude
(left to right) pin
tnsertion tool, wiring
pencil, manual wire
wrapping tool and
werapping tool,

M OST electronic projects are
best assembled on either
printed circuit or perforated board.
Both types have advantages and dis-
advantages which should be consid-
ered before starting a project. The pc
board permits compact assemblies
but impedes experimentation and cir-
cuit alterations. Perf board, on the
other hand, permits rapid assembly
and easy circuit alterations but tends
to take up more room for the same
circuit. With few exceptions, any proj-
ecCt you can build on a pc board can
also be assembled on perf board.
Perf board construction has
another important advantage over the
pc board. It eliminates the need for
using chemicals and drilling holes.
This might be an important considera-
tion if you're pressed for time and
want to get right to assembly after de-
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signing a layout. Needless to say, the
perf board technique is a very attract-
ive alternative to project assembly,
especially if you do a lot of experi-
menting.

Perf Board Materials. The first
step in working with perf boards is to
familiarize yourself with the various
types of boards, tools, and hardware
available. Perf boards are letter-coded
accordingtopatterns, sizes, and spac-
ing of holes. Furthermore, you have a
choice of XXX phenolic, paper epoxy,
and epoxy fiberglass material and un-
clad (plain) and clad blanks. Add to
thistista choice of board thicknesses.

The Tabie lists the most popular perf
board configurations (from two typi-
cal sources) according to letter code,
the various push-in terminals and in-
sertion tools, and prepunched bus

strips to be used with each. It is obvi-
ous that you can choose the materials
to meet the requirements for your
project. For example, use P-pattern
board for IC’s in dual in-line packages
(DIP's) and either P- or G-pattern
board for round (TO-5) transistors. A
less desirable alternative would be to
use F-pattern board and drill extra
holes as necessary. For heavy-weight
projects, such as power supplies, you
can use A-pattern board with extra
thickness and the large No. T9.4
push-in terminals. (For general use,
1/16"-thick board is an excellent
choice, while 3/32"-thick board is re-
commended for the majority of the
heavier duty jobs.)

Bus strips are flat, prepunched and
tinned and made of copper for use as
power supply and common buses.
They eliminate wiring complexity and
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1 Wiring pencil wraps solder-through insulated

wire on leads of resistors, 1C's and transistors.

2 Wrapping tool used on solderless connections.

Terminals in foreground facilitate wire wrapping.

3 Ground-plane board af top has terminals tor ground

connections. Below is interdigitated bus board.

4 Clad perf board requires cutting of circle pad
for isolation of socket and hoard terminals.

5 Clad ground-plane board vequires drilling and

line and civcle pad cutting. Pad cutter at vight.
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reduce the chance of ground loops
that create circuit instabilities. Low-
cost solder pin insertion tools permit
you to install pins safely and speedily.

Accommodating most semiconduc-
tor devices (including IC's) and ac-
cepting an almost endless variety of
board pins, the 1/16" thick P-pattern
board will prove to be the most ver-
satile for many projects.

Conventional Wiring Method. As
is the case when doing pc work, care-
ful layout planning will be rewarded
with neater perf board assemblies and
error-free wiring. You can design a
parts layout and wiring guide for perf
board with the aid of the grid paper
available for most board patterns or
even ordinary graph paper. To a large
extent, your parts layout will follow the
schematic diagram for your project.
Of course, you'll have to trial-fit the
components on the board, making al-
lowance forthe pattern and spacing of
the holes.

Once you know how a board is to be
laid out and wired, you can install
push-in terminals, transistor and I1C
sockets, and power and common
buses.If you choose to omit bus strips,
use 20-gauge (or heavier) solid bare
hookup wire in their place.

When making interconnections,

28-gauge solid wire is suggested for
easy handling and manipulation with
tools. Wherever possible, use bare
wire; but if you must make crossover
connections, switch to insulated wire.
Use 24- or 26-gauge insulated
stranded hookup wire between the
board assembly and off-the-board
components. When your project in-
cludes DIP (dual in-line package) IC's,
avoid confusion by labelling pin 1 of
each. Better yet, use E-Z-Code self-
sticking pin number marking strips.

Fitting wire with longnose pliers can
prove to be a trying task, particularly
when using P-pattern board and DIP
sockets. You can save a great deal of
time and avoid much frustration by
using a manual tool to wrap the wire
on a terminal (such as the Vector No.
P160-2A or similar). This tool neatly
forms a tight wrap on either socket
solder tabs, No. T42.1 flea-clip tails,
component leaa ends, or directly on
DIP IC pins. These aren't true Wire
Wraps®, which means that every con-
nection must also be soldered to as-
sure good mechanical and electrical
bonds.

After wiring a project, it's always
good practice to check for errors be-
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fore applying power. Look for re-
versed installation of diodes, elec-
trolytic capacitors, LED's, etc.; IC's
and transistors plugged in backwards:
and transposed connections to bat-
tery clips and holders.

“Pencil Wiring."”” Recently, a new
approach to wiring perf board as-
semblies has been introduced. Vec-
tor's new Model P173 wiring pencil
promises to become a very popular
tool for perf board work. Applied
Manufacturing of Texas has a similar
tool for making Solder Wraps®.

The wiring pencil eliminates having
to cut wires to sizeand strip away insu-
lation. The pencil dispenses and
wraps 36-gauge solder-through insu-
lated solid wire around any size post
or terminal. Much faster than point-
to-point wiring, pencil wiring permits
you to interconnect a number of ter-
minals with an unbroken length of
wire. Once the wire is wrapped around
a terminal, you apply heat directly to
the joint. The insulation immediately
vaporizes to allow you to flow solder
into the connection. A very important
advantage of pencil wiring is that it
permits you to omit all sockets and
most solder terminals.

As shown in Fig. 1, the wiring pencil
feeds the wire from a bobbin contain-
ing 250" (76.2 m) of wire through the
tool's barrel, out one of two holes, and
down through a hollow “needle.” Wire
feed and tension are controlled by
finger pressure on the wire where it
comes out of the hole in the body of
the tool. (The two holes are provided
so that either right or left handed
people can use the tool.) At the end of
arun, you simply twist the pencil, and
the point of the needle quickly and
neatly clips the wire. '

Sockets and solder clips can be
omitted during assembly by using the
pencil to wire directly to protruding
leads and lugs. To use this technique,
however, the components must be
staked to the board (leads bent to
mechanically secure parts in place) as
showninFig. 1. You can use longnose
pliers for staking, but Vector's No.
P174 staking tool makes the job
easier. Components can also be
cemented to the board with a quick-
set adhesive, and eyelets make excel-
fent solderable anchors for problem
components.

You can avoid having to stake com-
ponents by isolating circular pads on
copper-clad perf board (discussed
later under Ground Plane Methods).

Solder upright ends of component
leads and socket tabs to the circle
pads to anchor the parts in place. Use
pre-punched bus strips on the top of
the board (unclad side) for the power
buses. For feedthroughs, use either
No. T42-1 flea clips, double-ended No.
K31C round-shank pins inserted with
a No. P133-Atool, or the single-ended
No. T50 round-shank series shorting
pin. Using clad perf board, you can
dispense with bus strips altogether by
isolating strips of copper (also dis-
cussed later).

Here are a few useful hints when
working with a wiring pencil. Form
your wraps slightly away from the
board’s surface to avoid marring the
board with heat during soldering. Use
a soldering pencil that has a tip tem-
perature of at least 650° F (343° C) and
“wet"" the tip with solder before apply-
ing heat to a joint or wrap. To prevent
wire breakage, dress the wire close to
the board and secure lengthy runs
with drops of quick-drying cement.
Isolated round-shank pins make good
pivot points for routing wires around
obstacles. Alternatively, you can use a
No. P179WS plastic wire spacer for
grouping wires in a bundle. In a pinch,
you can use 30-gauge bare solid wire,
at least for ground returns.

Wire Wrapping. Wrapping wires
around terminals, either with or with-
out solder, offers wiring flexibility to
permit rapid circuit changes. The
standard wrapped connection con-
sists of six to eight turns of wire
applied under tension to square,
sharp-edged wrap posts. The mod-
ified wrap, or anti-vibration wrap for
extreme conditions, includes an addi-
tional one or two turns of insulated
wire at the start of the wrap.

If you plan to use this technique, you'li
need an efficient and easy-to-load man-
ual wrapping tool, such as Vector's No.
P160-2A. The No. P160-1A is an un-
wrapping tool for easy removal of
wrapped connections. The preferable
wire size for wrapping is 28-gauge bare
or Kynar insulated (Vector No.'s
2323A-28-3 or 2323A-28-4). Pre-cut and
pre-stripped wire (Cambion sells a 30-
gauge No. 601-2515 wire kit) will speed
assembly but, unless trimmed as you go,
will leave you with a maze of slack
wires.

You can assemble an entire project
using wrapped wire and the appro-
priate pins as shown in Fig. 2. From left
to right, the pins shown include pairs
of Vector No.’s. T46-3 double-ended
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New from NRI! 25" color TV that
tunes bycompuier, programs an
entire evening’s enfertainment

198C EDITION

Just part of NRI’s
training in servicing TV,
stereo systems, video tape
and disc players, car
and portable radios.

Only NRI home training prepares you
so thoroughly for the next great leap forward
in TV and audio. .. digital systems. Already,
top-of-the-line TV's feature digital tuning,
computer programming is appearing, and new
digital audio recording equipment is about to
go on the market.

NRI is the only home study school to
give you the actual “hands-on” training you
need to handle servicing problems on tomor-
row’s electronic equipment. Because only NRI
includes this designed-for-learning, 25”
diagonal color TV with electronic tuning,
built-in digital clock, and computer pro-
grammer as part of your training. With this
advanced feature, you can pre-program an
entire evening’s entertainment. . .even key lock
it in to control children’s viewing.

Exclusive
Designed-for-learning Concept
The color TV you build as part of NRI's

Master Course looks, operates, and performs
like the very finest commercial sets. But behind
that pretty picture is a unique designed-for-
learning chassis. As you assemble it, you per-
form meaningful experiments. You even intro-
duce defects, troubleshoot and correct them as
you would in actual practice. And you end up
with a magnificent, big-picture TV with ad-
vanced features.

Also Build Stereo,
Test Instruments
That's just a start. You demonstrate

basic principles on the unique NRI Discovery
Lab® then apply them as you assemble a fine
AM/FM stereo, complete with speakers, You
also learn as you build your own test instru-
ments, including a 5 triggered sweep oscillo-
scope, CMOS digital frequency counter, color
bar generator, and transistorized volt-ohm me-
ter. Use them for learning, use them for earn-
ing as a full- or part-time TV, audio, and video
systems technician.

Complete, Effective Training
Includes Video Systems
You need no previous experience of any

kind. Starting with the basics, exclusive “bite-
size” lessons cover subjects thoroughly, clearly,
and concisely. “Hands-on” experiments rein-
force theory for better comprehension and
retention. And your personal NRI instructor is
always available for advice and help. You'll be
prepared to work with stereo systems, car
radios, record and tape players, transistor

radios, short-wave receivers, PA systems, musi-
cal instrument amplifiers, electronic TV
games, even video tape recorders and tape or
disc video playbacks.

Send for Free Detailed Catalog
Mail the postage-paid card today for our

free 100-page catalog with color photos of all
kits and equipment, complete lesson plans,
convenient time payment plans, and informa-
tion on other electronics courses. You'll also
find out about NRI's new Computer Technol-
ogy Course that includes your personal mi-
crocomputer, Or Complete Communications
with 2-meter transceiver. If card has been
removed, write to:

NRI Schools
R I McGraw-Hill Continuing
} Education Center
/] 330 Progress Avenue

c‘.l'g Scarborough, Ontario MIP 275
. or telephone 416-293-1911
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PERFORATED BOARD CONFIGURATIONS

Push-in Terminal Insertion Bus
Board Hole Hole Tool Strip
Pattern Size Spacing Vector Radio Shack (Vector) (Vector)
A 0.093" 0.265" T9.4 — P1228 T58
B 0.062" 0.188" T28 270-1394 P91A —
F 0.062" 0.20" T28 270-1394 P91A T104
G* 0.062"  0.20x.10” T28 270-1394 P91A T104
P 0.042" 0.10" T42.1 270-1392 P191A T107

*Alternate rows staggered .10".

wrap posts that should be inserted
with tool No. P133-A; T44 Miniwrap
posts (No. A13 insertion tool); K32 J
pins; R32 socket pins; and the ver-
satile T49 Klipwrap post (No. P156 in-
sertion tool). All this hardware is de-
signed to fit P-pattern perf board.

It's difficult to insert a pin perpen-
dicular to a board's surface unless you
have an alignment block, such as Vec-
tor's No. MB45-20-062. It consists of
10 pieces of 1/16" P-pattern board
glued in a stack. If you wish, you can
make asmall version from scrap board
for use in tight places.

Forming perfect wrapped connec-
tions is a simple procedure, but it
takes some practice to get the knack
of handling the tool for positioning
and dressing the wire. Use bare wire
wherever possible. As with the wiring
pencil, you can wrap a number of
posts with an unbroken length of wire
by passing the wire down through the
handle of the wrapping tool.

Practice loading the wire until you
can do it instinctively. The wrapping
tool hasacentral hole that fits over the
post. The end of the wire fits into a
smaller off-center hole or tunnel near
an index mark. If you're using 28-
gauge insulated wire, strip away 3"
(about 2 cm) of insulation. Hold the
tool about horizontal with its index
mark up. Catch the end of the wire in
the cross slot of the tool's recessed tip -
near the index mark and insert into the
wire tunnel. If the wire bottoms out
before accepting the entire stripped
end, it's in the wrap post hole. You'll
have to withdraw and try again. Once
the wire is properly inserted, anchor it
in place by withdrawing half way, bend
the wire about 30°, and push home
before making the final right-angle
bend.

Projects requiring numerous wrap-
ping card sockets are best assembled
with a cordless power wrapper, such
as Vector's No. P160-4, which ac-
ceptstheNo.P160-2A manualwrapper.
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Ground Plane Methods. Having a
large area of copper at ground poten-
tial, the ground plane affords
minimum ground circuit impedance
and permits the shortest possible
connections to ground. This not only
eliminates instability in broadband vhf
amplifiers, it also minimizes noise and
ringing in digital circuits. To achieve
these benefits, keep lead lengths as
short as possible and inputs and out-
puts well separated.

Beginning with P-pattern etched
ground-plane board (Vector No.
3677-7), the copper surrounding the
board holes is pre-etched, leaving cir-
cles of insulation around the holes
(Fig. 3). Primarily intended for wire
wrapping, this board can also be used
with any other wiring method. To
ground a wrap post to the ground
plane, push a self-fastening No.
T112-1 bus link onto the post with a
No. P133A insertion tool and solder
the tab to the plane.

With all ground-plane wiring
methods, it is best to run insulated
wire right up to the pin to avoid short
circuits. Better yet, wrap aturn of insu-
lated wire on the pin nearest the
board. This is easily accomplished
withthe No.P160-2A wrapping tool by
pushing a bit of wire insulation into
the recessed tip before bending the
wire atarightangle. Alternatively, you
can bend the wire on the insulation
before loading the wrapping tool.
(You can also use this tip to form
antivibration-wrapped connections.)

Etched padboards that have gener-
ous interdigitized ground and supply
buses (Vector No. 3677-6) closely ap-
proximate the full-ground type plane.
Assign ground to buses passing be-
tween socket pads. By jumpering
common-ground and supply buses, a
further reduction in ground and sup-
ply bus impedance can be effected.
The padboard lends itself well to any
wiring scheme. A manual line cutting
chisel (Vector No. P139) permits you

to safely cut through a bus or pad to
isolate it.

Fully clad (one side only) perf board
can be used for ground planes (Fig. 4).
For P-pattern board, you'll need a cir-
cle pad cutter, such as Vector's No.
P138C tool. Cut circle pads at all pin
locations where the circuit must be
isolated from ground. Grounded
pointsshould notbe isolated. To avoid
rapid cutter wear and tearing out
pads, use a low drilling speed. (Hint:
With high-speed power tools, like
those made by Dremel under the
“"Moto" brand name, use a solid-state
speed control set for about 45 volts
ac.) You can avoid drilling too deeply
into the board by backing the board
with a metal plate to serve as a stop for
the cutter bit'spilot pin. Ifthe cutistoo
shallow and doesn’t remove enough
copper, place an index card between
board and plate.

Accidents are bound to occur. So, if
you do tear out a pad, install a No.
T102 or T103 eyelet with flange on the
clad side of the board. Pads not re-
quired for use as anchors or supports
are best removed wtih an Xacto knife
to reduce the chance of solder bridg-
ing or wiring shorts to ground. If you
capture a pad within the cutter, re-
move it with a large needle or awl. Be-
fore you start wiring a circuit, check all
pads with a magnifying glass and re-
drill any that have copper bridges to
ground.

Use No. T107 bus strips on the un-
clad (top) side of the board, or section
off a strip of copper on the bottom of
the board using an electric line cutter.
A tungsten carbide router bit (Dremel
No. 9909 or Vector No. P141A)
chucked into a Dremel Moto tool will
make short work of line cutting, as
shown in Fig. 5.

You can make a line cutting guide
by cementing a 4"Lx1%"Wx1/1'T
(10.2x3.8 cmx1.6 mm) piece of insu-
lation board to a block of ¥a” (6.4-mm)
thick plywood, overlapping it by %"
along the long dimension. Cement a
sheet of nonskid rubber to the bottom
of the plywood. To use the block,
place the guide along the line to be cut
and hold the cutting tool at about a 45°
angle to the board’s surface and held
firmly against the guide edge. Dan't try
to cut the line in one pass; make sev-
eral light passes until all copper is re-
moved along the line. A prepackaged
line cutting kit containing a Dremel
Model 260 drill, router bit, and several
accessories is available from Vector
as the No. P141B kit. ®
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THE OSCILLOSCOPE

GRAPHIC

RTIST

BY MITCHELL WAITE

Create exciting,
computer-generated,
three-dimensional
drawings

on your

oscilloscope
1980 EDITION

DIM light traces a delicate pat-

tern of geometrical lines on the
screen of an oscilloscope. The lines
form a rectangle that suddenly tiits
back and transforms into a revolv-
ing ring of diamonds. You can pro-
duce these, plus many more, effects
by operating the controls on the
Graphic Artist project described
here. You can easily make an image
rotate in three dimensions, compress
and expand, break up into other
shapes, or slowly oscillate.

The Graphic Artist is a visual pat-
tern generator that is designed to use
the CRT screen of an oscilloscope asa
“canvas’’ and its electron beam as a
high-speed ‘“‘brush.” The real-time
three-dimensional display on the CRT
screen has all the delicate geometric
beauty and detail of the computer-
generated three-dimensional draw-
ings with which we are all familiar.

The beam in an oscilloscope is
forced to follow two complex, har-
monically related sigrials in producing

21



the geometric patterns. Phase-shift
networks, working in concert with a
simple modulator, in the Graphic Ar-
tistadd a signal that produces a depth
and volume cue for the scope image.

It you're into electronic music, you
might try feeding the output signal of
the Graphic Artist into a stereo am-
plifying system to hear the tones as-
sociated with the on-screen images.
Even more interesting, you can feed
harmonics from a music source into
the Artist’s circuit in place of the oscil-
lator signals. This allows you to view
the patterns created by harmonically
related musical notes.

About the Circuit. As shown in the
block diagram in Fig. 1, two almost
identical signal channels in the Artist
are connected to the vertical and hori-
zontal inputs of an oscilloscope. This
hookup results in a CRT trace that
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Fig. 1. Block diagram of Graphic Artist.
circular-like trace that is proportional Each channel in the Artist consists

to the vertical and horizontal dis- of two oscillators (A and D) that gener-
placement of the scope’s electron ate square and triangular waveforms.
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Fig. 8. Etching and drilling (above)

and component (right) guides.

PARTS LIST
B1,B2—9-volt battery
C1.C3—0.05-uF Mylar capacitor
C2.C10—0.001-uF Mylar capacitor
4,09—0.01-uF Mylar capacitor
C5,C6,C7,C8—0.1-uF 100-volt
capacitor

IC1, IC2,IC3—Quad 741 operational am-
plifier integrated circuit (Raytheon
RC4136DB)

1C4—741 operational amplifier integrated
circuit

Jt.J2, J3—Five-way binding post

Q1,Q2—2N3819 junction field-effect
transistor

The following resistors are Y4-watt

10% tolerance:

RI.R3,R7,RI{,R13,R17,R19,R26.R28,
R30,R33,R34,R35,R37,R38,R39,R41,
R42,R43.R44 R45,R46—10,000 ohms

R2,R12,R27—20.000 ohms

R4,R25—4700 ohms

RS5,R6—1000 ohms

R8,R9—120,000 ohms

R 15—24,000 ohms

R16,R23.R31—100,000 ohms

R20—15,000 ohms

R22—2700 ohms

R24—47,000 ohms

R36,R40—470,000 ohms

R10,R18.R32—10,000-ohm linear

taper potentiometer

R14,R21.R29—100,000-0hm
potentiometer

S1 thru S4—Spdt slide or toggle switch

SS—Dpdt slide or toggle switch

Misc.—Printed circuit or perforated
board; 7V4"L X 4%4"W x 2"D (19 x 11 x
5.1 cm)case; knobs (6): battery clips (2);
lettering kit; hookup wire; machine
hardware; solder; etc.

Mylar

linear-taper
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these oscillators is a common mod-
ulated signal derived from oscillators
B and C. The overall shape of the Lis-
sajous pattern is set by the signals
from oscillators A and D. (For exam-
ple, a simple rectangle results when
triangular waveforms make up these
signals.)

The modulation component is com-
prised of a variable high-frequency
carrier from oscillator C and a variable
medium-frequency envelope from os-
cillator B. The carrier is shifted in
phase by +45°. The +45°componentis
modulated by waveform B in the mul-
tiplier and summed with the waveform
from oscillator A in an adder. Like-
wise, the —45° carrier is modulated
by waveform B but is summed with
the waveform from oscillator D.
When the phase-shifted components
interact in the scope, they form
another Lissajous pattern that is
perpendicular to the major rectangle

L
sz‘
oo bpLLtl s vouT
3 =1 i BATTERY
2 AL PR R -
1 |
(e | .
D —s 1cH & |
B | BATTERY CLIPS
i ¥
~ cl: o @ 9 VOLT
T | "I’ & o BATTERY

pattern, creating the three-dimension-
al ilusion of volume.

Each oscillator can be switched to
generate square waves. Depending on
which oscillator is switched to square
waves, the pattern will either break up
into multiple images or change the
character of its surface composition.
There are three level controls, which
tilt or expand the image and change
the relative sizes of the modulating
components. The harmonic controls
are frequency setting potentiometers
that are used to adjust the ratio be-
tween the various harmonic signals.
The ratios of the signals in turn control
the “family’ of images you see.

To prevent the patterns from. re-
volving on the screen (this occurs
whenever the patterns are derived
from uncorrelated osciflators), one of
the four oscillators is fixed in fre-
quency. The output from this ‘mas-
ter oscillator is used to synchronize
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the remaining oscillators, forcing
them to run at an exact multiple of the
syncing frequency.

In addition to using the controls on
the project, you can also use the
vertical- and horizontal-gain controls
on the scope to adjust the width and
height of the images.

Circuit Details. As shown in Fig. 2,
the four oscitlators are identical ex-
cept for their frequency-determining
elements. Oscillator A is fixed at ap-
proximately 60 Hz by R8 and C7:
oscillator B is variable from 60 to 240
Hz; oscillator C is variable from 300 to
3000 Hz; and oscillator D is variable
from 30 to 300 Hz. The oscillators are
arranged in a classical comparator-
integrator configuration.

Taking oscillator A as an example,
IC1A uses R1 and R2 to set the trip
point at about +V../2. The output of
this comparator connects to inte-
grator /C1B, which in turn, connects
back to /C7A’s input. When IC1A’s
Output is at —9 volts, /C7B linearly
charges C7 through R8. Hence, the
output of /C1B is a positive-going
ramp. As soon as the ramp reaches
Vi /2, IC1A changes to the positive
state and /C78 linearly discharges C1
to initiate a negative-going ramp.
When this ramp reaches —V,. /2, IC1A
trips to the negative state and the
cycle repeats itself.

Potentiometers are used to set the
frequencies in the three variable-
frequency oscillators by varying the
charging currents. The outputs from
the comparators (/C1D, /C2B, and
IC2C) are symmetrical square waves,
while the outputs from the integrators
(IC1C, IC2A, and IC2D) are triangle
waves. Resistor R70 in fixed-fre-
quency oscillator /IC1A/IC18B sets the
amplitude of the two waveforms.
Level controls are provided for all but
oscillator C. Oscillator C has no leve!
control because only one signal need
be variable if both signals go to the
inputs of a multiplier to cause the out-
put of the multiplier to vary.

The square-wave output from oscil-
lator Ais differentiated by C2 and R6 to
create async pulse. Thispulseisfed to
theinverting (—) input of /C28 to force
oscillator C's operating frequency to
be an exact multiple of the operating
frequency of oscillator A. To sync the
remaining oscillators, the triangle-
wave output from oscillator A is at-
tenuated by R4 and RS and fed to the
inverting inputs of IC1D in oscillator B
and /C2C in oscillator D. The 60-Hz
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Photos illustrate
only five of

the countless
varieties of
waveform displays
possible.
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triangle wave forces oscillators B and
D into exact sync. Resistor R7 in oscil-
lator A makes the square and triangle
waves in this oscillator equal in am-
plitude. Switches S7 through §4
provide means for selecting the de-
sired waveforms.

Integrated circuit /C4 is an op amp
follower, used here to reduce the
source impedance to chopper-type
multipliers IC3B and /IC3D. In this type
of multiplier, a bipolar transistor or
JFET is used to switch the op amp
between a noninverting (+) and an in-
verting (—) unity-gain buffer. Transis-
tor Q17 serves this purpose in this cir-
cuit.

When the signal in oscillator C goes
positive, Q7 conducts and /C38
reverts to an inverting amplifier. When
oscillator C goes negative, Q7 starts to
cut off, and /C3B becomes a nonin-
verting amplifier with unity gain. This
switching action results in suppres-
sion of the carrier, and the output of
IC3B is a balanced four-quadrant
signal.

The signal from oscillator C is
shifted in-phase by +45° in network
C9-R24 and by —-45° by network

Fig. 4. Construction details.

1980 EDITION

C10-R25. So, the waveform to each
JFET (Q71 and Q2) is out-of-phase, re-
sulting in a modulated output from the
multiplier also being out-of-phase.
Networks C6-R36 and C7-R40 provide
dc restoration for Q7 and Q2.

The output from multiplier /C38B is
summed with the signal from oscil-
lator A in adder IC3A. The output from
multiplier /C3D is summed with the
signal from oscillator D in adder /IC3C.
Finally, the outputs from the two ad-
ders are fed to the oscilloscope to
form the complex Lissajous patterns.

Power is supplied to the Artist by
two standard 9-volt batteries (B7 and
B2). Capacitor C8 aids in reducing in-
stability in the |IC op amps.

Construction. The project can be
built on either printed circuit or perfo-
rated board. The actual-size etching
and drilling guide and components-
placement diagram are shown in Fig.
3. After preparing or buying a ready-
to-use pc board (see Parts List for
supplier), mount the components on it
as shown in the placement diagram,
paying particular attention to the
orientations of the IC's and transis-
tors. Place B1 and B2 on the blank end
of the board, terminals pointing away
from the components, and fasten
them in place with loops of wire
passed between the batteries. Tem-
porarily set aside the board assembly.

Next, machine the front panel for
the six potentiometers, five switches,
three binding posts, and a No. 6
machine screw. The last hole should
line up exactly with the large hole in
the pc board assembly. Mount the
pots, switches, and binding posts in
their respective iocations (see Fig. 4).
Pass a 6-32 x 2" machine screw (to
support the circuit board assembly)
through the remaining hole, slip over
its threads a length of plastic spacer,
and follow with a No. 6 machine nut.
The spacer should be just long
enough that, when the nutis in place,
about 14" of screw thread is still visible.
Label the controls, switches, and bind-
ing posts.

Referring back to Fig. 2 and Fig. 3,
finish wiring the project.

Operation. The oscilloscope used
with the Graphic Artist must have an
external horizontal input. Connect
test-lead cables from the output bind-
ing posts on the Artist to the appro-
priate inputs on the scope. Set all
waveform switches to triangle. Switch
on the project and scope.

Set time LEVEL 8 control fully coun-
terclockwise (off). Because oscillator
B connects to both multipliers, mak-
ing LEVEL B zero eliminates the mod-
ulated component on the screen. You
should now see a simple rectangular
or square Lissajous pattern. Adjust the
horizontal- and vertical-gain controls
on the scope so that, when LEVEL Aand
LEVEL D controls are set to midrange,
the image just fills most of the screen.

Slowly turn up LEVEL B. This adds
the modulated waveform to the exist-
ing pattern. Readjust LEVEL A and
LEVEL D for a pleasant balance and to
keep the image from drifting off-
screen. Adjust HARMONIC B to sync
the modulated envelope with the
image. In essence, this control sets
the number of “'lobes’ riding on the
primary Lissajous pattern.

Next, adjust HARMONIC C so that the
high-frequency carrier is in sync with
the image. You should now have a
display similar to those shown in
the photos. The next thing we can
do is alter the Lissajous “‘family” by
using combinations of the waveform
switches. For example, switching
WAVEFORM A to the square-wave posi-
tion and setting WAVEFORM D to the
triangle-wave position causes the
image to break up into separate
shapes. There are 16 combinations for
the four waveform switches. Add to
this the effects of the six HARMONIC
and LEVEL controls, and chances are
you will never see the same pattern
twice.

After you've familiarized yourself
with the operation of the controls (it
does take some skill), you might try
connecting a pair of stereo head-
phones to the two output channels.
The sounds of the four oscillators mix-
ing and adding produces beat notes
that are fascinating in themselves.
You can even ‘‘play”’ the sounds by
twisting the various controls.

Some very different and interesting
effects can be produced by running
the Graphic Artist in reverse. Take a
signal from an external source, such
as an electronic organ, and connect it
in place of one of the oscillators. You
can do this by disconnecting one
waveform switch input and connect-
ing your signal in its ptace. Choose
your notes to be exact even or odd
harmonics of oscillator A, which oper-
ates at approximately 60 Hz. The im-
ages will appear to stop their motion
and their actual shape will depend on
the particular waveform of the note
being played. ®
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F YOU'RE anxious to hear distant

stations on the AM Broadcast
Band—say, to catch blacked-out
home-town sports events—then the
Broadcast Band Loop is just what you
need! When coupled to a good AM
transistor radio with a built-in ferrite
bar antenna, it will bring in lots of sta-
tions you could never copy before—be
they TA's (transatlantics), rare “lo-
cals,” or clear-channel stations from
distant cities. It is easy to build and
use, fairly small, and inexpensive—
total parts cost is about $20 to $30!

About the Loop. The use of a loop
antenna is not new, but its advantages
are timeless. It has good directivity,
and can be easily rotated. Further, the
loop works only with the magnetic

A BCBLOOP ANTENNA FOR

DX’ING

combination can be tuned to reso-
nance. Its nominal directional pattern
(Fig. 1) is afigure eight, with maximum
response in the plane of the loop.
Turning the antenna broadside to a
station will cause an appreciable drop
in signal strength.

Selectivity is another loop charac-
teristic. The antenna favors signals at

the resonant frequency at the expense’

of those nearby. lIts response gets
progressively narrower as its Q in-
creases (which varies directly with the
C/L ratio). For our purposes, we'll
want as high a Q as possible.

We have adapted the loop to better
serve our purpose by eliminating the
direct connection between the Loop
and thereceiver. Experience indicates
that unwanted signal pickup occurs

out bothering others around you, and
vice versa.

To accomplish this, audio will be
coupled from the earphone jack on
the receiver to jack J3 by a short patch
cord. Make use of the new crop of
high-sensitivity, lightweight (Mylar
transducer) stereo headphones,
which require only a few milliwatts of
drive.

It's also wise to use battery power
rather than an ac battery eliminator, as
hum problems can arise. Of course, if
you don’t want to use phones or al-
ready have a mono miniature/stereo
phohe jack adapter, the audio circuit
can be ignored.

Physical Construction. The Loop's
frame will be assembled first, using

Increases reception range of inexpensive AM
radios by inductive linking.

BY NORMAN FALLON

portion of the radio wave (which con-
tains both electric and magnetic
fields), so it is inherently quieter than
higher-gain long-wire outdoor anten-
nas. The loop contains no fragile
semiconductors and requires no
power supply, unlike the "“amplified
loops’ that some MW DX'ers are now
using.

A simple loop antenna is shown in
Fig. 1. it's an electrically short loop
consisting of turns of wire with a total
length much less than a wavelength.
Medium waves are fairly long, e.g. 500
m (1640 ft) at 600 kHz! Obviously this
loop or an outdoor longwire are the
only real options.

Theloopis really an inductor. When
shunted by variable capacitor C, the

(]

70
2VE.

£FOGE oF L OOP

TOP VIEW

J

Fig. 1. Loop acts as an
LC parallel circuit.
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when a transmission line is used to
couple signals to the receiver's an-
tennainput jack (ifthere is one). In this
design (Fig. 2), signals are coupled in-
ductively, simply by positioning the
built-in ferrite bar close to the loop
base. This offers the advantage of
being able to adjust the degree of
coupling between the coils to suit var-
iations in signal strength. Operating
the loop and ferrite bar in tandem will
yield a cardioid directional pattern due to
interaction between the coils.

Further flexibility is afforded by a
switch which shorts out one turn of
the Loop when closed. This is often
desirable when working the high end
of the MW band, since a decreased L
requires more C for resonance. The
result is a higher Q, and slightly less
gain. In most cases, though, the effect
on signal strength will not be
noticed—but the sharpened tuning
will be greatly appreciated. It's easy to
see thatthe L7 and the ferrite bar in the
receiver act as an r-f transformer. The
“audio circuit’’ has been included as
an operator convenience. To best
work DX, headphones should be used.
They are more sensitive than loud-
speakers, so it will be easier to hear
weak signals. The acoustic isolation
from background noise will also come
in handy-—you'll be able to listen with-

doweling, two pieces of hardwood,
aluminum tubing and aluminum
U-channel. Refer to Fig. 3.

First, take two pieces of ':-inch
(1.3-cm) ID seamless aluminum tub-
ing, 34” (86.4 cm) long, and flatten the
center 1%2” (3.8 cm) in a vise as shown
in step 1. (Steps are shown in Fig. 3.)
Drill a 7/32-inch (5.6-mm) hole in each
tube at the center point. Then drill two
®/az-inch (4-mm) holes 6" (15.2 cm)
from the center point on each length
of tubing. Next, drill two Vs-inch (3.2-
mm) holes 16.5” and 15” (41.9 and 38.1
cm) from the center point on each
length of tubing.

Center-drill Y2-inch (1.3 cm) holes Va
inch (6.4 mm) deep on each of three
2%-inch (6.7-cm) lengths of %-inch

RECEIVER
CASE
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3

rF CIRCUIT
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Fig. 2. Schematic shows how loop and
radio antenna form r-f transformer.
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(1.9-cm) doweling. File six grooves %"
(9.5 mm) apart on the dowels, spacing
the outer ones %" (9.5 mm) from each
end. Take a 12%a-inch (31.1-cm) length
of Yz-inch (1.3-cm) doweling and drill
two Ye-inch (3.2-mm) holes 1%" (3.2
cm) and 2%" (7cm) from one end.
Repeat four times. Then, glue the
dowels together to form three
T-shaped wire supports as shown in
Step 2. Save the remaining dowel for
later use.

Form across by overlapping the two
lengths of tubing. Line up the center
holes and secure with a ¥4-20 x 1inch
bolt, flatwashers, and wing nut. Slide
the Tee's into ends B, C, and D of the
cross until the holes line up. Secure
the Tee's in the tubing with Ya-inch
self-tapping sheet metal screws (Step
3). Form four support braces from
9-inch (23.9-cm) lengths of 2" x 12"
(1.3 cm x 1.3 cm) aluminum
U-channel. Drill two ''/ss-inch (4.4-
mm) holes %a” (6.4 mm) from each end.
Then fasten the braces to the cross by
lining up holes and using 6-32 X 1inch
machine screws, flatwashers, and
nuts. Two lengths of channel should
be on opposite sides of the tubing at
each juncture.

Now prepare the fourth Tee by
center drilling a Y2-inch (1.3-cm) hole
4" (6.4 mm) deep on one long side of a
4" x 18" x %" (10.2cm x 3.2cm x 1.9
cm) block of hardwood (Step 4). Drili a
3/;6-inch (4.8-mm) hole 78" (2.2 cm)
from one end of the bilock for the
center conductor pin of J2, an SO-239
coaxial connector. Then drill a
3/y6-inch (4.8-mm) hole %/6" (1.4 cm)

2 o
' FLATTEN
1"

STEP 1

I T Ulw“
E i T w s
4

~— SREWS s

away on each side of the center con-
ductor hole for two securing screws.
File seven grooves %" (9.5 mm) apart,
spacing the HOT END groove %/1¢" (7.9
mm) from the edge of the block. Drill a
Ys-inch (3.2-mm) hole in the center of
both the HOT and GROUND END
grooves. Thendrill a 3/y6-inch (4.8-mm)
hole 3" (9.5 mm) to the right of the HOT
and GROUND END holes on the top (un-
grooved) side of the block. Mount sol-
der lugs above each hole, using No. 6
x ¥2" wood screws.

Referring to Step 5, prepare an
S0-239 coaxial jack, cutting two cor-
ners with a hacksaw to fit the
hardwood block. Solder one end of a
6-inch (15.3-cm) length of hookup
wire to the center conductor pin of J2,
and thread it through the center con-
ductor hole. Then secure J2 to the
wood block using No. 6 x 4" wood
screws, looping one end of a 4-inch
(10.2-cm) length of hookup wire under
the head of the screw nearest the
GROUND END groove. Thread the other
end through the hole in this groove
and attach to the nearest solder lug
(above J2). Trim excess. Attach the
free end of the center conductor wire
to the other solder lug, trimming ex-
cess.

Glue the hardwood block to the re-
maining 12%-inch (31.1-cm) dowel to
form the fourth Tee. Insert the Tee into
the remaining corner of the cross (A),
lining up the holes. Secure with
Ya-inch self-tapping sheet metal
screws. Then drill a 3/1¢-inch (4.8-mm)
hole 7" (2.2 cm) above the bottom of
the vertical tubing (above corner A).

FLATTEN, SECURE
! wirk 8oy
AN WASHER ¢
WINE NUT
AN

TRAPING

To BRackET
€ WG T oN
CoNTRNL PANEL

Fig. 3. Above are directions for constructing the frame for the loop.
Aluminum tubing, U-channel, and wood dowels are used.
Steps 1 to 5 are referred to in the text.
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Make the hole slightly more than %"
(9.5 mm) deep.

Take one end of a 74-foot (22.6-m)
length of 18- or 16-gauge (solid or
stranded, bare or insulated—enamel
or plastic—almost anything will do!)
copper wire, thread it through the HOT
END hole and solder it to the HOT END
solder lug (trimming excess). Then
tightly wind the wire around the cross,
using the Tee grooves as guides to
make six turns in ali. Thread the free
end through the GROUND END hole and
solder to the lug, trimming excess.
Remove the insulation (if any) from the
wire near corner A on the fifth turn.
Solder one end of a 4-inch (10.2-cm)
length of hookup wire to this point.
Leave the other end free for the mo-
ment.

Control Panel Construction. We'll
now assemble the Loop’'s Control
Panel. It should be fashioned from a
4.75" (12.1-cm) square piece of
116-inch  (1.6-mm) aluminum plate.
Physical layout is flexible, but use Fig.
4 as a guideline. Form a support
bracket from aluminum stock, oruse a
commercial aluminum angle about
212" x 1%2" x 1%" (6.4 cm x 3.8 cm X
3.8 cm). install the bracket centered
along one side of the aluminum panel.
Then drill mounting holes for an
S0-239 coaxial jack—this should be
set back 1” x 1"(2.5¢cm x 2.5 cm) from
the corner nearest the notched side of
the bracket—and for the main tuning
capacitor, switch S7, binding post
B8P1, and the RCA phono and head-
phone jacks (if desired).
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A note about capacitor C1—any
surplus, multi-gang variable capacitor
may be used. Total maximum capaci-
tance should be about 1200 pF. Suitable
models are available from most surpius
sources with an approximate cost of
$3.00. If, however, you have trouble
finding a capacitor on the surplus market,
buy three 365-pF AM tuning capacitors
and gang their shafts together. After in-
stalling all components, wire the Controi
Panel in accordance with the schematic
(Fig. 2) using 18-gauge solid hookup
wire. Try to keep all leads as short as
possible.

The Control Panel should be
mounted in a cutout on a rotatable
platform—a lazy susan arrangement.
The platform should be big enough to
accommodate your AM receiver also,
since it must be rotated in step with
the Loop.

Once the Panel is mounted, drill a
7/32-inch (5.6-mm) hole in the support
bracket 3" (9.5 mm) down and 1" (2.54
cm) over from the* un-notched top
corner. Then drill 7/32-inch (5.6-mm)
holes along the center line 3" (9.5 mm)
from each end of an 11%" x 17 x "
(286 cm x 25 cm x 9.5 mm)
hardwood strip. Attach one end of the
strip to the support bracket using a
10-20 x 1" hex head bolt, ahex nut as a
spacer between the strip and bracket,

FRAME BILL OF MATERIALS

2—42 inch lengths of %" ID thin-wall
aluminum tubing

4—14-inch lengths of ¥5” wood doweling

3—2%-inch lengths of 3%” wood doweling

4—12-inch lengths of 14" x 34" aluminum
U-channel

1—Block of hardwood 4" x 144" x 33"

1—Strip of hardwood 11%4" X 1" x 3"

1—10-32 x 1%4" bolt and washer

1—3-inch spacer to fit above.

1—%4-20 x 1" bolt, washers, and wing nut

4—6-32 x 1" machine screws, flatwashers,
and nuts

4—No. 6 % 15" wood screws

814" self-tapping sheet metal screws

PARTS LIST

BP1—5-way binding post

C1—1200-pF (total) multi-gang variable
capacitor

J1,J2—Uhf coaxial jack, SO-239

J3—RCA phono jack

J4—Open-circuit stereo headphone jack

L 1—®6 turns of 16- or 18-gauge copper wire
wound on loop frame

PL1—Double male uhf coaxial adapter
(Amphenol 83-877, Lafayette 42 69064 or
equivalent)

S1—SPST switch

Misc.—4.75"" square 1/16-inch aluminum
plate, tuning knob, machine hardware,
hookup wire, solder, etc.
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Fig. 4. Control panel layout.
Proper orientation of receiver

rod antenna is shown.

and wing nut. Keep the wing nut rela-
tively loose. Now secure the other end
of the strip to the Loop frame using a
10-32 x 1¥2"bolt, washer, and a %" (1.9
cm) spacer. Use the ¥¢-inch (4.8-mm)
hole previously drilled above the bot-
tom of the vertical tubing.

Attach the Loop frame to the Con-
trol Panel using PL7, a double male
uhf coaxial adapter (Amphenol 83-
877), between jacks J1 and J2. Then
connect the free end of the hookup
wire from the loop to binding post
BP1. Tighten the hardware holding
the hardwood strip. Leave S7 open,
and position your AM receiver below
the Loop, orienting its rod antenna as
shown in Fig. 4. The two coils should
be about 1" to 3" (2.5 cm to 7.6 cm)
apart.

Using the Loop. Tune the receiver
down to the low end (540 kHz) of the
AM Broadcast Band. Turn C1's tuning
knob so that the plates are fully
meshed. Then, carefully tune in an au-
dible signal using the receiver's tun-
ing capacitor. Slowly unmesh C1's
plates (reduce capacitance) until the
signal peaks strongly. You have now
tuned the Loop to resonance at this
frequency.

It's possible that loading effects by
the Loop may "'pull” the receiver off its
dial calibration. If this occurs, just
continue to adjust both C7 and the
receiver's tuning capacitor for
maximum intelligibility. You'll proba-
bly find that the two controls interlock,
but with a little practice you'll be
quickly zeroing in on the station
you're after. Try rotating the loop to
get an even stronger signal. Best re-
sults will be obtained when the plane
of the loop extends in the direction of
the desired signal. You can also use
this directivity to null out an interfer-
ing station on the same frequency—

turn the loop broadside to the offend-
ing signal.

With S7 open, the Loop can be
tuned just about to 1600 kHz. It also
has maximum gain in this position.
But there are times when a bit more
selectivity is desirable over gain—for
example, when two fairly strong sta-
tions are a few kHz apart. This is par-
ticularly true when trying to work the
“splits”"—foreign stations operating
on odd frequencies not multiples of 10
kHz. In situations like this, close S7.
This shorts out the bottom turn of the
loop, giving a higher Q. It also gives
you abitmore'room” onC7 atthe top
end of the band.

Other Suggestions. The “‘pulling”
action mentioned earlier can cause
youtoget‘lost” interms of frequency.
To prevent this, prepare alist of strong
signals in your area, noting them by
call letter and frequency. You can then
use them as frequency markers to
chart your way across the band. It's
also a good idea to get a complete list
of North American AM stations—
especially if you want to DX the band.
Several are available, listing stations
by call letters, power output, frequen-
¢y, and geographical location.

Another system variable is the
amount of coupling between the Loop
and the rod antenna. This should be
varied to suit signal strength, but can-
not accurately be predicted without
experience with your particular re-
ceiver. While it should vary between 1
and 3 inches, experiment for best re-
sults.

To make tuning easier, a vernier (0
to 100) tuning knob can be used with
C1. Once you have properly tuned a
station in, record its frequency, direc-
tion toward which the Loop is turned,
position of S7, and the amount of
capacitance needed. Keep all this in-
formation for future reference. @
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HE SOUND of recorded music

being played is a listening ex-
perience that changes according to
the room you are in. If the room is too
“live’” or too '‘dead’’, the sound ap-
pears to be unnatural. When the room
has an ultra-modern decor and lots of
glass window areas, the effect on the
music is ‘“‘bouncey.” With heavy
drapes, carpeting, and thickly padded
furniture, plus a minimum of hard sur-
faces, the effect approaches that of an
anechoic chamber—with very little
sound reflection.

For the latter, you can either throw
away your sofa pillows and pull down
the drapes, or you can add a time-
delay device to your audio system to
create amore naturalambience. Since
you may not care to redecorate, you
can create an echo (audio signal time
delay) and reverberation (later reflec-
tions) and achieve a livelier sound.

Until recently, the only means of ob-
taining an audio signal delay has been
through the use of very expensive
electronic equipment. Now there is a
new type of IC—the ‘'bucket
brigade"—and you can build your
own delay system for as little as $39 in
mono and $59 in stereo. Connected
between source and preamp or
preamp and power amplifier (at the
tape monitoring jacks possibly), it
provides an adjustable, signal echo
that can enhance the sound in most
home listening rooms. With minor
connection changes, it also can be
used as a phasor/flanger, giving you a
sound effect for tape recording pur-
poses and electric-guitar playing used
by the professionals. :

The bucket-brigade IC is a MOS-
type shift register that contains two
512-stage registers in a single 14-pin
package. When an audio signal is
applied to the input of the bucket
brigade and a clock generator drives
the IC, the signal is stepped along
stage by stage until it comes out de-
layed a discrete interval in time. By
adding this delayed signal to the orig-
inal, reverberation is simulated.

In addition to providing real-time
ambience, the bucket-brigade circuit
can be used with a tape recorder to
provide simulated stereo sound from
mono sources, a means for “double
voicing,” and *‘phasor/flanging.”

Technical Details. If you can delay
an audio signal, you can create a
number of useful sound effects. The
most obvious is simulating echo,
though delays provided by the bucket
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AUDIO DELAY LINE

Allows user to simulate

larger listening room.
Also used by recordists
and musicians for

special sound effects.
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brigade are too short to be discerned
as discrete echoes. Recirculating the
delayed signal at reduced gain can
approximate the natural decay of
echoes in a reverberant room. By add-
ing some gain during the recircula-
tion of the delayed signal, you can
create an unnatural “'door-spring”’ ef-
fect on the music.

Delay an instrument or voice track
by 30 or 40 ms and add the delayed
signal back to the original signal, and
you will make the output sound fulter
and give it the effect of more than the
original number of voices or instru-
ments. This commonly used tech-
nigue is known as “double voicing.”

Another popular short-delay effect
is a strange sound that results from a
technique known as ‘“phasing” or
“reel flanging.” The name is derived
from its original implementation
where a tape recorder was used to
create the time delay and the friction
of a well-placed hand on the outside
edge of the tape-feed reel varied the
delay to produce the acoustic effect.
This effect can be created totally by
electronic means by delaying the sig-
nal 0.5 to 5 ms while adding or sub-
tracting the delayed signal from the
original signal.

In the phasor/flanger mode, the fre-
quency and its multiples whose
wavelengths are equal to the time
delay will be completely cancelled out
while all other frequencies are rein-
forced. The result is a comb filter
whose frequency between the
notches is adjusted by varying the
clock frequency (Fig. 1). In this man-
ner, a tonal quality can be imparted to
nontonal sound such as drums, cym-
bals, and even voices.

The phasor/flanger mode can be
used to simulate stereophonic sound
from a monophonic source. To do
this, the phased output derived by add-
ing the delayed signal goes to one
channel, while the output derived by
subtracting the delayed signal goes to
the other. To the listener, the phasing
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effect cancels leaving a reasonable
pseudo-stereo effect.

The basic block diagrams of the
delay-line and phasor/flanger circuits
are shown in Fig. 2. The hearts of the
circuits, of course, are the bucket-
brigade IC’s, which can directly pro-
cess analog signals. The circuits do
not require costly analog-to-digital
and digital-to-analog converters.
When the clock pulse from the flip-
flop is applied to the bucket-brigade
fC, the dc voltage present at the input
is shifted into the register. The dis-
crete bits are transferred stage by
stage with successive clock pulses un-
til, after 256 pulses, they reach the end
of the line and provide the output.

The output waveform is smoothed
by a low-pass filter and duplicates
whatever signal was present at the
input but delayed in time by 256 times
the period of the clock frequency.
(Period is equal to the reciprocal of the

Fig. 1. Frequency between
notehes on a comb filter
is adjusted by varying

the clock frequency.

frequency.) For example, if the clock
frequency is 100,000 Hz, the delay
would be 256 x 1/100,000 = 2.56 ms.

Since the audio signal at the input is
being sampled at a rate determined by
the clock frequency, a theoretical limit
of half the clock frequency is the high-
est audio frequency that can be reli-
ably passed. However, owing to prac-
tical limitations, a third of the clock
frequency is a more reasonable de-
sign goal. Circuits can be cascaded to
provide longer time delays at high
clock rates, but the increase in noise
in the series-connected circuits might
outweigh the increase in bandwidth.

In the delay mode, the two shift reg-
isters are connected in series, which
allows twice the clock frequency to be
used. Therefore, twice the bandwidth
of a single shift register can be pro-
grammed for the same time delay.
Even in this double-bandwidth mode,
the clock frequency required for a

FLIP-
cLOCK A DELAY LINE
. T
[}
2-POLE SHIFT SHIFT 5-POLE
AUDIO Low-PASs b=y ‘REG. |—i*859P REG. f—d LOW-PASS ouUTPUT
INPUT FILTER 1 2 FILTER
I =1
—] RECIRCULATION CONTROL }
FREQ. FLIP-
CONTREL cLocK s r. A+B oUTPUT
B ! L
DG 2-POLE SHIFT 5-POL
npy = Low-pass REG, LOW-PASS f—g
FILTER I FILTER
. PHASOR/ — | SHRT L A+B Rp—ouTPUT
FLANGER 5

L

Fig. 2. Basic block diagrams of the delay

line and the phasoriflanger circuits.
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+20V  +I5V

Fig.

TABLE OF FILTER RESITOR VALUES

A B c D
(all values in kilohms)

R1 100 200 300 390
R2 130 270 390 510
R3 36 75 110 150
R4 100 200 300 390
R6 100k 100k 100k 100k
R9' 62k 120k 180k 240k
R10 43 82 130 160
R11 120 240 360 470
R12 10 20 30 39
R13 56 110 160 220
R14 33 68 100 130
R15 68 100 200 270
R16 110 240 360 470
R26 200 200 200 200

A = 10 ms or less, -3 dB at 15,000 Hz
B = 20 ms or less, —3 dB at 7500 Hz
C = 30 ms or less, —3 dB at 5000 Hz
D = 40 ms or less, —3 dB at 3800 Hz

PARTS LIST FOR FIG. 3

C1.C4.C1I—1-pF, 25-volt electrolytic

capacitor

The following are 5%
capacitors:
21300 pF

C3.—-24 pF

C5.C8—510 pF

C6—43 pF

C7—1200 pF

C9—100 pF

C10~47 pF

40-ms delay limits the bandwidth to a
maximum input signal frequency of
3750 Hz, which is adequate for voice
but less than adequate for many musi-
cal instruments. In most applications
where the delayed signal is added to
the original signal, the reduction in
bandwidth will be masked by the
high-frequency signals present in the

original. To compensate for norma

signal attenuation, an 8.5-dB amplifier

is used between the shift registers.

In the phasor/flanger mode, the
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3. Schematic of delay line for one channel.
Resistor values for different delay ’
configurations are given in the table below left.

C18—0.01-pF ceramic disc capacitor

1C1,IC3-—1458 dual operational amplifier

1C2—MN3001 dual analog shift register
{Matsushita)

1C4— 4001 CMOS quad NOR gate

1C5—"4013 CMOS dual D flip-flop

P1—100.000-0hm potentiometer

R1 through R4,R6,R9 through R16,R26 —
See Table

R5.R8—100,000-ohm, Y4-watt, S% resistor

R7—200,000-ohm, Ya-watt, 5% resistor

Note—See Parts List for Fig. 5 for kit in-
formation.

maximum delay required is about 5
ms, which is short enough that a
single shift register can be used with-
out compromising the bandwidth. The
second shift register is therefore con-
nected in parallel with the first to im-
prove the S/N ratio. The signals are
added in-phase, while the noise adds
and subtracts randomly.

I

How It Works. The schematic dia-
grams of the delay-line and phasor/
flanger configurations of the circuit

The name ‘‘bucket brigade” conjures up
images of a line of men passing along
buckets of water to fight a fire. The
bucket-brigade analog shift register op-
erates in a similar manner, which is how
it got its name. In the case of the shift
register, however, the buckets are
capacitors integrated right on the PMOS
chip. There are more than 1000 such
capacitors on each chip (one capacitor
and two MOS transistors for each stage).
What is being passed along are packets
of electrical charge from stage to stage.

It is difficult to pour water both into
and out of a bucket at the same time. So,
too, it is difficult to simultaneously
charge and discharge a capacitor. This
problem is overcome in the shift register
by utilizing two out-of-phase clocks.

A BUCKET-BRIGADE SHIFT-REGISTER ANALOGY

While the first clock is high, the “odd"
buckets are dumped into the next con-
secutive “‘even’” bucket. When the sec-
ond clock is high, the even buckets are
dumped into the next consecutive odd
buckets. In this manner, individual
charges are transferred along the line
one stage at a time.

FROM A I B

The drawing is a schematic represen-
tation of four typical stages of the
MN3001 analog shift register. Each
MN3001 IC contains two 512-stage shift
registers. Note that stages A and C are
connected to one clock, while stages B
and D are connected to the other clock
to provide the odd/even relationship.
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Fig. 4. Schematic of cireuit for phasorfflanger.

C1 through C11—Same as for Fig. 3

C18—0.01-pF ceramic disc capacitor

IC1 through IC5—Same as for Fig. 3

The following resistors are ¥4 watt, 5% tol-
erance:

RI,R4,R5,R8,R26,R31—100,000 ohms
R2—130,000 ohms

are shown in Fig. 3 and Fig. 4, respec-
tively. In both cases, quad NOR gate
IC4iswired as an astable multivibrator
operating at twice the desired clock
rate’s frequency. The output of /C4
goes to flip-flop /C5, which provides a
pair of complementary (180° out of
phase with each other) output clock
pulses with 50% duty cycles. These
pulses then “'clock’ the shift registers
in /C2. Frequency determining resis-
tor R16 is fixed in the delay configura-
tion, while resistance can be added via
a pair of connectors to change the
clock frequency in the phasor/flanger.

The audio input signal is con-
ditioned by seven poles of low-pass
filtering in which /C3 and half of IC7
are used. The filters provide a total of
42-dB/octave attenuation above the
tuning frequency. For example, if the
filter were tuned for 5000 Hz, a
10,000-Hz signal would be attenuated
by more than 100:1.

When filters are designed with
high-gain operational amplifiers (op
amps), it is possible to have their out-
puts increase before rolling off at the
rate of 6 dB/octave per pole. Such fil-
ters are termed “‘under damped.” By
carefully selecting the proper balance
of under-damped and over-damped
(RC) filter sections, it is possible to
design a filter that is flat in the desired
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PARTS LIST FOR FIG. 4

R3—36,000 ohms
R6,R7—200.000 ohms
R9-1,R9-2—120.000 ohms
R10—42,000 ohms
R11—120,000 ohms
R12—10.000 ohms

R 13—56,000 ohms

passband so that itis 3dB down at the
tuning frequency and has a roll-off
rate of 6 dB times the number of poles.

+28v

DI
IN4OOI

+20v

R14--33,000 ohms

R15—68,000 ohms

R16—11,000 ohms

R26—100,000 ohms

R27 through R30—5100 ohms

Note—See Parts List for Fig. 5 for kit in-
formation.

This is what has been done in the
delay-line and phasor/flanger circuits.
Quite a bit of mathematical compu-
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Fig. 5. Schewatic of power-supply civeuit.
Parts List includes kit information for all ¢ivcuoits.

PARTS LIST FOR FIG. 5

C12—470-yF, 35-volt electrolytic capa-
citor

C13,C15,C16—0.01-pF disc capacitor

C 14—100-pF disc capacitor

C17—33-uF, 25-volt electrolytic capacitor

D1,D2—1IN4001 rectifier diode

D3 —IN968 (20-volt) zener diode

Fl1—1/10-ampere fuse

1C6-—723 precision voltage regulator

The following resistors are Y4 watt, 5% to-

lerance:
R17—1000 ohms
R18—1 megohm
R19—10 ohms

R20--8200 ohms
R21—-7500 ohms
R22—33,000 ohms
R23—2400 ohms

R24—2200 ohms

R25-—5100 ohms

T1—Power transformer with two 28-volt
secondaries at 50 mA each

Misc.—Chassis: line cord; phono jacks
(4): control knobs (2): rubber grommet;
spacers: machine hardware, etc.

Note: The following items are available
from Phoenix Systems, 375 Springhill
Rd., Monroe, CT 06468: Complete kit
of parts (delay line or phasor/flanger)
No.P-1220-M (mono) for $50.00; com-
plete kit of parts No. P-1220-S (stereo)
for $75.00; etched and drilled pc board
No. P-1220-B for $6.00; MN3001 ana-
log shift register IC No. P-1220-C for
$20.00; transformer No. P-1220-T
$5.00. For orders under $10.00, add
$1.00 for shipping and handling. Con-
necticut residents, please add sales tax.
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CLAIMED SPECIFICATIONS

Delay Line:

Frequency response 15 to 15,000 Hz
(+2/-3 dB)

Distortion (THD) Typically less
than 1% (1000 Hz,
1V rms)

Input impedance Greater than

100,000 ohms

Clipping level 1.77 V. rms (5 V
P-p)

Signal-to-noise Typically 50 dB
below 0 dBm

Phasor/Flanger:

Frequency response 15 to 15,000 Hz

(+2/-3 dB)
Distortion (THD) Typically less
than 0.75% (1000

Hz, 1 V rms)
Input impedance Greater than

100,000 ohms

tation is normally required to deter-
mine the values of the filter resistors to
use. To simplify matters, you can
select the appropriate resistor values
from the Table of Filter Resistor Val-
ues. Use this Table for selecting resis-
tor values for only the delay-line cir-
cuit. (The filter resistor values
specified in Fig. 4 and its accompany-
ing Parts List will provide an optimized
5-ms delay, with the output 3dB down
at 15,000 Hz for the phasor/flanger.)
The power supply isshownin Fig. 5.
It uses a voltage regulator, /C6, to
generate the main 15-volt supply out-
put. The shift register requires
supplies of both +1 and +20volts. The
+20-volt line is obtained through the

Fl

| |7V — '

Tl

use of zener diode D3, while the +1-
volt line is derived from the voltage
divider consisting of R22 and R23.
Since the op amps are being operated
from a single-ended supply, it is
necessary to have the 10.5-volt supply
line serve as the reference pointin the
circuit for these IC’s.

Construction. The actual-size etch-
ing and drilling guide, the same for
both circuit configurations but wired
differently as required, is shown in Fig.
B6A. The parts-placement guides for
the delay-line and phasor/flanger con-

figurations are shown in Figs. 6B and
6C, respectively.

Before installing any components
on the board, mount and solder into
place the wire jumpers. Then, wire the
board as in Fig. 6B or Fig. 6C, depend-
ing on the desired mode of operation.
Be careful to properly orient all
semiconductor devices and electroly-
tic capacitors. Be sure to handle the
MOS devices with care to prevent
them from being damaged by static
charges. You can mount the IC's di-
rectly on the board or use sockets. Use
a low-power soldering iron (25 to 35
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STEREQ

Fiy. 6. Above (A) is etching and
drilling guide for pe board.

It can be used tor either
cheinel for delay-line civeuit,
or for the phasor/flanger.

At left (B) is component
layout for one channel of
delay line. It includes the
power supply. Component
layouts tor phasoritlanger
and second channel of stereo
delay line are on next page.
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HANDS-ON EVALUATION

Both the time-delay and phasor/flanger
configurations of this circuit should
keep the home recordist occupied for
hours, if not days. While the effects are
not as apparent as those obtained with
professional delay and flanging systems,
this system does not cost the $4000 or so
demanded for such top-of-the-line pro-
fessional system.

The flanging effect is heard only while
the potentiometer is in motion, at which
time the variable comb filter sweeps
across the audio bandwidth to create the
“flanging” sound. At rest, the comb-
filtered sound is noticeable, but it is not
as apparent as one would expect from
looking at the peaks and dips that occur
at regular intervals on the frequency re-
sponse curve.

Although you might not have occasion
to use the flanger as a mono-to-stereo
generator, don't overlook this operating
mode fer the enhancement of a single-
output reverberation device. Reverbera-
N tion is very diffuse by nature, and the
s o o flanger outputs, when panned left and

) mm__,ﬁwv e W;E right, are a noticeable improvementover

g L RIS e | TR WI f%x a regular mono reverb return. When
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ter remains at rest.

Use only one output when applying
flanging to a recording. For an interest-
ing Doppler effect, try combining the two
outputs while rapidly revolving the pot.
Better still, replace the standard pot with
a free-spinning pot. (Connect the resis-
tance element in series with R76 and the
wiper to either end of the element.)

On the delay line, the recirculation
control must be used sparingly. A little
goes a long way, and the “"door spring”
kv effect can easily get out of control. If you
build both circuit configurations, you

.

GND

can experiment by wiring the flanger

g’* into the delay line's recirculation path.

} The slight additional delay in feedback

creates even more echoes at the delay

line’s output. It also helps to keep the

door spring from becoming a steady-
state squeal.

—John Woram,
Woram Audio Associates

&
N
&
i g

Fig. 6. Component layout at tap is for phasoriflanger (C). Below (D) is Jfor second
channel of steveo system. It uses power supply in first channel.

watts) and fine solder, and watch out  off-the-board pots and jacks. Then assembling a stereo delay line mount
for solder bridges between the closely  drill holes for the line cord, jacks, pots,  the second board assembly over the
spaced pads on the board. and board mounting in a5” x 4" x 3" first with short spacers and machine

The wiring guide for the second pc ~ (12.7 x 10.1 X 7.6 cmj)aluminumchas-  hardware after interconnecting the
board for a delay line for stereo is sis box. Locate the line cord and jack  power-supply and clock-drive lines
shown in Fig. 6D. Note that the power  holes on a wall directly opposite the  with hookup wire. (Be sure to make
supply section is not repeated; you get  wall through which the pot holeshave  the interconnections before fastening
power and clock pulses from the first been drilled. the boards together.) Connect and
board via wire interconnections. Use machine hardware and spacers solder the free ends of the hookup

Solderlengths of hookup wiretothe  to mount the pc board assembly to the  wires from the board(s) to the appro-
pads that are to interconnect with the  floor of the aluminum box. I you are  priate lugs in the jacks and pots. @
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Thé chances are excellent that...

You have a talent other people

are willing to pay for?!

You’re “handy” around your
house, have the ability to fix
things, and ‘“make them work
right”... that’s why there
may be a rewarding career
for you in Electronics.

A career in Electronics?

Absolutely. Because you're interested
in things. How they work. Why they
work. How to take them apart and
put them back together. Plus . . .
you’ve got a head for detail work.

Your chances are excellent

With the right kind of specialized
technical training, you can have a
challenging, financially rewarding future waiting for
you in Electronics. Think of the career opportunities
. . . computers, aerospace, 2-way radio communica-
tions, radio/TV broadcasting, medical electronics, to
name just a few.

And, surprisingly, you don’t need a college degree!

All you need to do to qualify for one of these excit-
ing career fields is to build upon the technical aptitude
you already have . . . just put your hands and your
head to work with a CIE Electronics career course.

You learn by doing
The CIE method of instruction is the refinement of
over 40 years of Electronics, independent home-study
experience. It works. And you don’t need any prior

electronics experience. A CIE career course can take@®
you from ground zero right up to training in Lasers, §

Microminiaturization, Radar, Analog Computers,
and various applications in Communications.

In some CIE courses, you'll perform “hands-on”
experiments and tests with your own CIE Personal
Training Laboratory. And, if TV technology and dig-
ital Electronics are your main interest, you can select
from several courses that involve working with and

troubleshooting a TV. (And the TV
is yours to keep, too!) This combi-
nation of “‘head and hands” learning
locks in your understanding of the
crucial principles you’ll use on the
job in your new career. But, don’t
kid yourself . . .

Electronics is not an *“‘easy” science
and CIE courses are not ‘‘snaps.”
Subject matter is technical, thorough,
and challenging. It has to be. We're
training you for a career. So the pre-
sentation of ideas is logical, written in
easy-to-understand language . . . you
progress step by step, at your own
pace.

CIE Education by mail

There is no need to “go back to the
classroom” with CIE. Because you
learn at home or wherever else is convenient. You
keep your present job and income. No cross-town
commutes. You decide when and where you study best.

Your eventual success . . . at CIE and in your elec-
tronics career . . . will be determined by your own
motivation and self-discipline. You can do it. And CIE
can show you how

Patterns shown on TV and oscilloscope screens are simulated.

Put your talent to full use

We believe that you may be a *“natural™ for Electronics,
and we'd like to tell you more about potential career
fields and our school. We'll be glad to send you our
complete package of FREE career information if you'll
send in the card or write mentioning the name and date
of this magazine. For your convenience, we'll try to
have a school representative contact you to review vari-

ous educational programs and assist in course selection.
As soon as we receive your request, we’ll mail you our
school catalog, complete G.I. Bill details. and special
information on government FCC License preparation,
There’s no obligation.

Let's discuss your new career in Electronics. NOW!

Send for your FREE school catalog and career infor-
mation TODAY.

Cleveland Institute of Electronics, Inc.

Cl

1776 East 17th Street, Cleveland, Ohio 44114

Accredited Member National Home Study Council
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CAPACITANCE
METER

Five linear ranges

to 10,000 uF

HEN a capacitor is connected

to a constant-voltage source
through a resistor, the charge on the
capacitor increases exponentially. If
the source supplies a constant cur-
rent, however, the charge on the
capacitor increases linearly. This
linear charging principle is used here
in the design of a capacitance meter
which will measure values outside the
range of most such meters. By using a
constant-current source, the meter
determines the time it takes to match
the charge on the unknown capacitor
to a known reference voitage. The
meter has five full-scale ranges of 1,
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BY THOMAS McGAHEE

10, 100, 1000, and 10,000 uF. On the
1-uF scale, values as small as 0.01 pF
can be read easily.

How It Works. As shown in Fig. 1,
D1,D2, R6, Q1 and one of the resistors
(R1 through R5) selected by S1A pro-
vide five decades of constant current.
With S2 in the position shown in Fig. 1,
this current is shunted to ground via
S2A. When S2 is placed in its alternate
position, the constant current will be
pumped into the unknown capacitor
connected across BP1 and BP2, forc-
ing it to charge in a linear fashion.
Op amp IC1 is connected as a com-

e 7
o

parator, with its noninverting (+) input
connected to R8, which determines
the reference voltage. When the volt-
age developed across the unknown
capacitor, connected to the inverting
input (—) of IC7, becomes a few mil-
livolts higher than the preset refer-
ence voltage, the comparator output
will switch from +12volitsto —12volts.

The output of the comparator drives
a constant-current source consisting
of D3, D4, D5,R10, R11, and Q2. When
S2A was switched to ground, so was
S2B. This action shorts across storage
capacitor C7, therefore the voltage
across this capacitor is zero.

ELECTRONIC EXPERIMENTERS HANDBODK
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When S2 is opened, the constant
current flowing into C71 causes the
voltage across it to rise linearly. When
the voltage across the capacitor under
- test causes the comparator to switch,
diode D6 becomes reverse biased,
preventing C7 from charging any
more. Since C7 only charges until the
comparator switches, the voltage
generated across it is directly propor-
tional to the capacitance value of the
unknown capacitor.

To prevent C1 from discharging
while measuring its voltage, a high-
impedance buffer, formed by IC2, is
used. While this buffer draws very little
current, it does draw some, and this
results in a very slow downward drift

S8

nzv

of the meter—but this drift is actually
too slow to cause any problems. Re-
sistor R13 and meter M1 make up a
simple voltmeter readout of approxi-
mately 1 volt full scale. If desired, an
external voltmeter can be used aslong
as it has a full-scale range of less than
8 volts. (If you use such an external
meter, set R8 on the 1-uF range, so
that a known 1-uF capacitor indicates
1 volt.) Capacitor C2 is used to prevent
oscillation of the Q7 constant-current
source, while R9 and R72 protect the
op amps in case the power is turned
off while the test capacitor and C7 are
charged, otherwise they might dis-
charge via the op amps, causing dam-
age.

Fig. 2. Power supply
~delivers sufficient
crurrent tor meter,
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PARTS LIST

BP1, BP2—Five-way binding posts (one
red, one black)

Cl, C4-22-uF,
capacitor

C2—0.01-uF ceramic disc capacitor

C3—220-uF. 35-volt electrolytic capacitor

D1 to D6—1N914 diode

D7, D8—50-volt, S00-mA silicon rectifier

D9, D10—12-volt zener diode

IC1, 1C2—741 mini-DIP case

M1—0-1-mA meter (Radio Shack 22-052
or equiv.)

Q1, Q2—2N3638 transistor

R1—4.7-megohm, Y2-w 5% resistor

R2—470,000-ohm, Y2-w 5% resistor

R3—47,000-ohm, Y2-w 5% resistor

R4—4700-ohm, Y2-w 5% resistor

R5—470-ohm, Y2-w 5% resistor

R6. R10—22,000-0hm, Y2-w resistor

R7—100,000-ohm Y2-w resistor

R8—1000-ohm, pc-type trimmer poten-
tiometer

R9. R12—10,000-ohm, Y2-w resistor

R11—33,000-0hm, Y2-w resistor

R13—1000-ohm, Y2-w resistor

R 14—560-ohm, Y2-w resistor

R15—470-ohm, Y2-w resistor

S1—Dp 6-pos. rotary switch (Radio Shack
275-1386 or equiv.)

S2—Dpst or dpdt pushbutton or rocker
switch

T1—Transformer, secondary 12-V, 300
mA (Radio Shack 273-1385 or equiv.)

Misc.—Suitable enclosure (Radio Shack
270-627 or equiv.), line cord, insulated
wire, spacers, rubber feet (4).

35-volt electrolytic

b2

The power supply whose circuit is
shown in Fig. 2, can supply sufficient
current to power the meter.

Construction. The circuit can be
built on the pc board whose foil pat-
tern is shown in Fig. 3, along with the
component installation on the nonfoil
side of the board. Be sure to observe
the polarity of the two electrolytic
capacitors and the various diodes.
The IC's are identified by a notch code.

The prototype was assembled in a
6%" by 3%" by 2" plastic box having a
metal cover. The cover was drilled to
accept M1, range switch S7, switch
S2, and the two binding posts (BP1,
BP2). Note that a red binding post was
used for BP1 as this side is to be con-
nected to the positive lead of the
capacitor under test. The line cord
exits through a smalt hole in the side
of the plastic box.

Meter M1 is linearly calibrated to 1
mA full scale. Carefully open up the
meter and using press-on type, or
other printing medium, mark the scale
“MFD"” or "pF.”

The accuracy of the capacitance
meter depends on two factors, the
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basic accuracy of the meter move-
ment used and the accuracy of resis-
tors R7 through R5. In most cases, the
meter accuracy will be 3%, and ex-
perience has shown that, with 5% tol-
érance resistors, the overall accuracy
is about 3%. Although this may sound
strange, it is due to the fact that most
5% resistors made by the same com-
pany tend to be off tolerance by the
same percentage, thus reducing the
effective percent error between the
resistors. Using 10% resistors yields
about 6% accuracy.

Calibration. Before applying power
to the capacitance meter, use a small
screwdriver to set the meter pointer
exactly to the zero mark.

Select a capacitor between 0.5 and
1.0 uF at 5% or better. This will be the
“calibration standard.” Connect this
capacitor between BP1 and BP2 (posi-
tive side to BP71). Set range switch S7
to the “1" position (meter indicates
1-uF full scale). Operate S2 to remove
the ground lead from the two circuits
(Q1 collector and C17). The meter
should start upscale and stop at some
value. Reversing S2 should cause the
meter to drop to zero volts. Flip S2
again and note the upscale value of
the meter. Alternately flip S2 and ad-
just R8 until the meter indicates the
exact value of the 5% calibration
capacitor. The one calibration will
suffice for all the other ranges. @
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BUILD A

DIGITAL

CAMERA
SHUTTER

TIMER

BY R.S. HEDIN

Low cost digital timer provides accurate check
of camera shutter speeds from 1/1000th of a second to 1 second.

AVE YOU ever wondered why a

camera whose diaphragm opening
and shutter-speed setting are adjusted
perfectly according to an exposure me-
ter should regularly produce overex-
posed or underexposed negatives or
prints? Too often, the cause is a shutter
speed that deviates too much from the
camera's speed markings.

Now you can check your camera’s ac-
tual shutter speed by building the elec-
tronic shutter tester presented here. If
the camera displays a gross speed inac-
curacy, you'll know that you must com-

1980 EDITION

pensate for it by modifying the camera’s
control adjustments (say, an { stop
greater or smaller than the exposure
meter’s indication) or having the camera
serviced professionally.

With your own shutter tester, you can
test your camera at any time you feel it
needs adjustment. The shutter tester
described here uses digital circuits and
has six decades of display to give a high
order of accuracy.

About the Circuit. The sensor/con-
trol circuit for the tester is shown in Fig.

1, while the counting circuit is shown in
Fig. 2. The two circuits are coupled
together via the +V and GND buses and
the points marked K going to each other.

When light strikes phototransistor Q2
and not LDRT1 in Fig. 1, the Darlington
circuit made up of Q2 and ordinary tran-
sistor Q1 triggers on and supplies cur-
rent to timer /IC6. This causes the timer
IC to generate pulses at a frequency of
10,000 Hz. (Potentiometer R1 is provid-
ed for adjusting the operating frequency
of the oscillator to exactly 10,000 Hz.)

If at any time light strikes LDRT, the
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PARTS LIST
C1-—2200-pF, 16-volt electrolytic capacitor
C2-—0.022-uF Mylar capacitor
DISI through DIS5-—%" common-cathode,
seven-segment LED display (DL-704 or
similar)

D1-—100-volt, I-ampere silicon rectifier diode

[1—12-volt high-intensity lamp with arm and
reflector (see text)

IC1 through IC5—4033A CMOS decade
counter

1C6—555 timer

LDR1—Light-dependent resistor (Vactec No.
VT-214 or Clairex CL-903)

Q1-—2N4264 transistor

Q2—FPT-100 phototransistor

R1-—3000-ohm trimmer potentiometer

resistance in the base circuit of Q2
drops to a low enough value to cause
the Darlington circuit to cut off. This, in
turn, turns off the timer circuit. Under
normal operating conditions, no light will
fall on either Q2 or LDR1 initially. After
pressing reset switch S1 (Fig. 2), light is
allowed to reach only Q2. This allows
the timer circuit to generate a 10,000-Hz

—(K) To Fi6 2

The following resistors Y4 watt, 10% toler-
ance:

R2-—1500 ohms

R3,R4,R5—1000 ohms

R6—5100 ohms

S1—Normally open, momentrary-action spst
pushbutton switch

S$2—Spst toggle switch

T1—12-volt, 1.2-ampere transformer (see
text)

Misc.—Printed circuit or perforated board;
16-pin DIP sockets (5); 14-pin DIP sockets
(5); 8-pin DIP socket; chassis with cover 9"
X 5" % 2%4"); line cord; pine block (3V4" x
134" x 134"); soft vinyl sheet; rubber feet
(4); contact cement; machine hardware and
spacers; hookup wire; solder; etc.

pulse output that is counted by the total-
izer circuit shown in Fig. 2. The displays
continue to count upward until the light
to Q2 is interrupted or light falls on
LDR1. At this time, the displays “freeze”
to indicate the total number of pulses
counted. When the tester is used with a
camera, the camera's body covers
LDR1 to exclude all light and the shut-

ter/lens mechanism is positioned direct-
ly above Q2, in line with a high-intensity
light source. Switch S1 is momentarily
depressed to reset the counters to zero.
Then, when the shutter is tripped, the
system counts the number of pulses
generated between the opening and
closing of the shutter.

The counting circuit shown in Fig. 2
consists of five decade-counter IC’s (IC1
through /C5) and their companion sev-
en-segment displays (DIS1 through
DiS5). Note that DIS2 is the only display
whose decimal point is active. This deci-
mal point comes on whenever the tester
is powered. Note also that the decade
counters are wired to suppress the ze-
roes to the left of the decimal point.
Since the display indicates the number
of pulses counted during a discrete in-
terval of time, it does not indicate time.
To obtain the time indicated by the num-
ber in the display, you must divide that
number by 1000. Hence, displays of 1.0,
8.0, 16.6, and 33.3 translate to 0.001,
0.008, 0.0166; and 0.0333 second or,
in photography terminology, 1/1000,
1/125, 1/60, and 1/30 second, respec-
tively. (it is a good idea to make up a ta-
ble of conversions that can be affixed to
the completed project, as shown in the
lead photo.)

The power supply for the tester is line
operated. Dc power for the system is ob-
tained from a conventional rectifier-
diode/filter-capacitor (D1/C 1) setup that
is driven from the center tap of trans-
former T1. This circuit assumes that
high-intensity lamp /1 is an integral part
of the system. If you prefer, you can use
a separate line-powered high-intensity
lamp and substitute a 6.3-volt transform-
erforT1.

Construction. The entire circuit, ex-
cept T1 and the two switches and Q2

t ? L t P 1
oo ] A — 1 = Iy 7
R4 J é I | { !
RESES'#-I Ik |6hl4 6] 14 2| BI 16§14) 2| 8 IGIM 2| Bl t4) 3] 2
L 15§ 2 15 ' 15 15 : 15 8
8 3 4 3 4 3 4 16
Fig 1 (k) H a0 B 162 4 16 |o 4 os |2 ' 105
13 6
12 {7
10 f .Ial 9 -
Fig. 2. The five
decade counters 4] 6l 7
are formed from 13k a e d ]2 3
IC’s that also 8 ! . » . »
include 7-segment 0is | IS 2 w5 0I$ 3 OIS 4 IS 5
decoded outputs. 12 whan— +v
Note that DIS2 has 4L l l 1 l

the decimal point.
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and LDR1, can be assembled on a sin-
gle printed circuit board, the etching
and drilling and component-placement
guides for which are shown in Fig. 3. Al-
ternatively, you can assemble the circuit
on perforated board, using appropriate
solder hardware. In either case, the use
of sockets for the IC’s and displays is
recommended.

Install the components on the circuit
board as shown in the component-
placement guide, taking care to properly
orient them. Note here that the four
jumper wires labelled J and A5 mount
on the foil side of the board. To avoid the
possibility of short-circuiting the board,

CONVERSION TABLE
NUMBER SHUTTER SPEED
1.0 = 1/1000 sec
2.0 = 1/500 sec
4,0 = 1/250 sec
8.0 = 1/125 sec
10,0 = 1/100 sec
16.6 = 1/60 sec
20.0 = 1/50 sec
3%3,% = 1/30 sec
40,0 = 1/25 sec
100,0 = 1/10 sec
125.0 = 1/8 sec
250.0 = 1/4 sec
500.0 = 1/2 sec
1000,.0 = 1.0 sec
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DIS 2

be sure to use insulated sleeving on the
resistor leads and wire jumpers.

Phototransistor Q2 and light-depend-
ent resistor LDA1 mount in a block of
pine as shown in Fig. 4. The holes in
which these two components mount
must be stepped as indicated to permit
easy routing of the hookup wires thatin-
terconnect them with the rest of the cir-
cuit. Note that LDR1 mounts in the hole
at the lower left corner and Q2 mounts in
the hole in the center of the block.

5 located on the foil side.

Before you mount Q2 and LDR1 in the
block of wood, apply a coat or two of flat
black paint to all exterior surfaces of the
block. Allow the paint to completely dry,
and then mount the components in their
respective holes, fixing them in place by
force fitting. (If the fit is too snug, very
carefully ream out the holes; if it is too
loose, sparingly apply a drop or two of
clear plastic cement to the component
edges. Both components mount flush
with the top surface of the block. When
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Fig. 4. Details of the camera

mounting block. The two photosensitive
devices (Q2 and LDR1) are mounted
close to the upper surface of the block.

this is done, use contact cement to fast-
en a thin sheet of soft matte black vinyl
to the top of the block after first punching
holesin it for Q2 and LDR1.

A QD x 5"W x 215"H (22.9 x 12.7 x
6.4 cm) metal box comfortably accom-
modates the circuit board assembly,
power transformer and its lirie cord, and
switches. The case must be machined
to provide a 2%" x 14" (6.7 x 1.3 cm)
window for the displays; mounting holes
for the switches, transformer, and wood
block; and access holes for the line cord
and leads from Q2 and LDR1. Once the
case has been machined, spray two or
three coats of matte black paint over all
exterior surfaces. When the paint has

EZT:V ,
12 imp, |

dried, cement a red filter over the win-
dow from the inside. Then mount the
wood block with screws, followed by T1,
S§1, and S2. Next, interconnect the
switches, transformer, line cord (passed
through the case via a rubber grommet),
LDR, and phototransistor. Finally, mount
the circuit board assembly in place with
machine hardware and spacers, making
sure its displays are properly oriented
behind the filter.

Checkout and Use. Place a piece of
black plastic tape over LDR1, plug the
line cord into a convenient ac outlet, and
turn on the tester's power. Now, using
an oscilloscope or a frequency counter,

Underside of timer reveals pc board and transformer mounting.
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adjust potentiometer R?1 for an exact
10,000-Hz output from timer IC6. This
completes calibration. Remove the tape
from LDR1.

Open the back of the camera you wish
to test and place it on the wood block so
that the lens opening is directly over Q2.
Make sure that the camera body covers
LDR1. Then set the camera’s lens dia-
phragm for maximum opening, set the
shutter speed, and cock the shutter. De-
press reset switch S1 so that all displays
read zero. Trip the camera shutter. The
displays should rapidly count up and
freeze at a number that is the shutter
speed in thousandths of a second.

Check each shutter speed at least
three times, resetting the display at the
start of each test. The shutter can be
checked with or without the lens on the
camera. With the lens on the camera it is
more critical that the lens be placed di-
rectly over Q2 as there is a smaller spot
of light. In all tests keep the light about 6
inches above the platform.

Do not be disappointed if your shutter
speed is not close to its camera setting.
Up to 1/500 of a second, the allowable
error may be as great as +=25%; at high-
er settings, the allowable error might in-
crease to +35%. These figures would
depend on the tolerance of the film
used, of course.

With the aid of the camera shutter tim-
er described here, you can eliminate
some of the uncertainties you have
about the accuracy of your camera's
mechanism. Additionally, it can tell you
why your latest batch of photos did not
turn out as they should have. <O
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HERE are many things in nature

that, in natural light, look pretty
dull. When illuminated by ultraviolet
light, however, they take on the ap-
pearance of colorful gems. The min-
erals in rocks, sand, even dirt and
some insects fluoresce with beautiful
colors under UV light. You can see it
all with the aid of the portable black-
light lantern described here.

The ultraviolet fluorescent lamp can
also be replaced by a 6-watt daylight
fluorescent lamp to provide normal
light if desired. If you have a soufce of
117-volt ac, a simple connector
change permits the lantern to be used
as a light source, while the batteries
are being recharged. The lantern uses
a 6-volt rechargeable wet-cell; and,
since the drain is only about 1.75 am-
peres, quite a few hours of operation
can be obtained from a single charge.

Circuit Operation. As shown in Fig.
1, transistors Q7 and Q2 are arranged
as a power oscillator. Resistor R7 de-
termines the turn-on voltage and R2
determines the frequency of oscilla-
tion. With the components specified,
the frequency is in the low audio
range, but high enough to minimize
lamp flicker. Resistors R7 and R2 ac-
tually form a voltage divider to bias the
transistors into conduction before os-
cillation starts.

The alternating currents in the two
halves of the collector winding induce
a voltage in the secondary of T71.
Capacitor C7 reduces voltage spikes
that might damage the transistors.
With no load, the voltage is 135 V,
which drops to about 110 V (a square
wave) with a 6-watt load.

BUILD A

BLACKLIGHT
LANTERN

Battery-powered, long-wave ultraviolet lamp

reveals color patterns of many substances.

Doubles as camp lantern.

BY W.E. McCORMICK

With S7 in the BATTERY position, the
ac voltage lights indicator lamp /2
and is applied to /7 through a ballast.
Closing switch S2 completes the lamp
filamentcircuitto heatup the filament.
When S2 is released, the ballast gen-
erates an inductive kick to strike an
arc in the lamp. This method of lamp
starting is used for two reasons:
glow-type starters do not work well
with the square wave involved here,

and such starters may be unreliable at
low temperatures.

With S7 in the AC position, the oscil-
lator is disabled and conventional
117-volt ac can be applied to J7
through P2.

Construction. The transformer used
for T1 must be modified for this appli-
cation. Begin by removing the metal
mounting-binding strap from around

There are hundreds of relatively
common substances that are usually
quite drab under conventional visible
light, but are quite brilliantly colored
when illuminated by ultraviolet light.
For example, when illuminated with ul-
traviolet at 3560 Angstroms (as pro-
vided by this project), a common,
dirty-white mothball becomes a vibrant
purple.

Roughly half of the substances that
fluoresce strongly enough to be seen
by the unaided eye, react to longwave
(3560 A) ultraviolet. The remainder
react to shortwave (2535 A) ultraviolet,
while some react to both wavelengths.
Some exhibit a color shift when the
wavelength is changed, and others un-
dergo a complete color reversal.

Many substances have a pro-
nounced phosphorescence and con-
tinue to glow either the same color or a
different one, after the excitation is re-

1980 EDITION

ULTRAVIOLET LIGHT AND FLUORESCENCE

moved. This can make it possible to
differentiate between many materials
that have the same fluorescence.

Shortwave ultraviolet lamps can
produce sunburn and are dangerous to
the eyes. When using an instrument of
this type, goggles should be worn at all
times. (Window glass or clear acrylic
plastic, which are opaque to the
wavelength, will suffice.) Longwave
lamps provide no sunburn hazard and
are optically safe.

Geologists are now using ultraviolet
light in oil prospecting. They lay out a
grid covering the area under investiga-
tion and take core samples at various
pointsfrom adepth of aboutsixinches.
The oil does not have to be near the
surface since the hydrocarbons
brought up by leaching, capillary ac-
tion, and evaporation promote the
growth of micro-organisms (bacillus
methanicus and bacillus ethanicus)

which fluoresce blue under longwave
ultraviolet.

This method not only locates oil. It
produces an outline of the under-
ground pool on the grid. With a little
knowledge of the local shale strata and
oil sand, the pool's depth can be de-
termined; and the amount of oil to be
expected can be determined from the
size of the area that fluoresces. The
quality of the oil is indicated by color
saturation—high sulfur content shifts
the color toward yellow and paraffin
content shifts it toward pale blue.
Other minerals, in suspension, can
also be detected. By color matching, it
is possible to tell if the pool is a new
strike or leakage from an adjacent
field.

Longwave ultraviolet is widely used
in criminology to detect forged paint-
ings, altered documents, and the au-
thenticity of antique glass and china.
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Fig. 1, Two-transistor
power oscillator generates
approximately 110 volts
Jor ultraviolet lamp.

PARTS LIST

BAL1—Ballast inductor (GE 596456 or
similar, available through electrical
supply houses)

C1—0.5-uF, 400-volt capacitor

I11—Fluorescent lam 56 watts); either
ultraviolet (GE F6T4/BLB or similar,
available from Edmund Scientific, 300
Edscorp Bldg., Barrington, NJ 08007,
Cat. No. 60,124, $4.75.) or standard
daylight (GE F6TS/CW, available
through electrical supply houses)

I2—NE-51 neon lamp ,

J1—4-pin male plug (H.H. Smith 86CP4
with 12-001-003 adapter plate)

P1,P2—4-pin female connector (Am-
phenol Series 86-PF4)

Q1,Q2—2N256 power transistor

R1—75-ohm, 10-watt, 10% resistor

R2—750-ohm, Y5-watt resistor

S1—4pdt, 3-locking pasition anti-
capacitance switch (Radio Shack
275-600 or similar)

S2—Spst normally open pushbutton
switch

Ti—117-volt primary; 12.6-volt, 1.2-A
secondary filament transformer (Radio
Shack 273-1505, modified as per text.
Do not substitute.)

Misc.—Plastic case (Bud AC403); metal
plate (Bud BPA1590), fluorescent
lamp holder (one pair, miniature flush
mount, GE 78-X715 or similar); power
transistor mounting kit (two, HEP450
or similar); six-foot line cord with
plug; three-foot battery cable (#18
stranded); 6-V, 6-A battery (Olson
BA-200, $3.49, or PolyPaks, P.O. 942,
S. Lynnfield, MA 61940, Cat. No.
92CU 1516, $4.95); grommets; decals;
mounting hardware; etc.
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the core. Then use a thin-bladed knife
to loosen the individual laminations
and remove them. Be careful notto cut
any wires.

Peel the insulating tape from the
coiland set it aside for later use. Care-
fully strip off the secondary (green
leads with yellow center tap) and save
the wire. Leave the existing primary
(black leads) and cover it with a single
layer of the insulating tape.

In winding new turns, be sure all
winding is made in the same direction.
You can wind either way around the
core; but once started, everything
must be in that direction.

Put the winding (#22 wire) for the
collector circuit on first. Color code
the start of the winding using a 4"
length of spaghetti. Anchor the wind-
ing under one of the bobbin flanges by
using a small piece of tape. Start wind-

I
ER3
[
BAL 1
GE396456
BATT
Minerals Color under
visible light
Adamite Pale green
(basic arsenate
of zinc)
Amber Usually yellow,
(a hydrocarbon) sometimes brown
or white
Argonite Indiscernable in
(calcium carbonate) mineral mass
Barite Gray
(barium sulphate)
Calcite White coating in
(calcium rock seams
carbonate)
Celestite Coloriess crystals
Blue crystals
Cerussite Yellowish gray
(lead carbonate) Dull gray
Corundum Red
(aluminum oxide)
Deweylite Mottled dull
(magnesium green usually in
silicate) serpentine
formation
Diamond Clear or faintly

tinted (any color)

COLOR AND LOCATION OF MINERALS

Color under
longwave UV

Where commonly
found

Green Southwestern U.S.
and Mexico

Blue-white Widely distributed
u.s.

Green New Mexico

Orange Sicily

Brilliant red Australia

White, cream Widely distributed

or yellow U.s.

Bright golden N. Carolina only

Orange

Blue Widely distributed
u.s.

Pale yellow N. Jersey, Texas

Bright Orange California

in association

with red

White, blue- Ohio, Midwestern

white u.s.

White with Ohio only

green after-

glow

Yellow Lead mining
regions

Deep red N. Carolina,
N. Jersey

White Maryland,

Pennsylvania

Most commonly  Africa, Arkansas,
blue, but can UESE

be almost

any color
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ing adjacent turns across the bobbin,
keeping the turns snugly against each
other. At 36 turns, make a 4"-long
twisted loop and use a piece of col-
ored spaghetti to insulate and identify
it. Bring this out to one side. Wind
another 36 turns, fasten it down with
tape, and bring out a 4” end identified
with colored spaghetti. Place a single
layer of tape over the completed wind-
ing.

For the base circuit winding, use the
#24 wire saved from the original sec-
ondary. Use a 4” length of colored
spaghetti to identify the start. Wind
seven turns, make a center tap as be-
fore, and add seven more turns. After
all winding is complete, place a layer
of tape over the assembly.

Beforetryingtoreassemblethecore
(taminations), scrape any excess var-
nish off them. Otherwise, it may be

difficultto fitthem back onthe bobbin.
With laminations reassembled, re-
place the mounting strap, being care-
ful not to pinch the lead ends.

In the prototype, a 5" by 912" by 22"
(12.7x24.1 x 6.4 cm) plastic box witha
metal cover was used. The two transis-
tors are mounted on the outside of the
cover using a kit (socket, mica in-
sulator, and insulating hardware) so
that the cover provides a heat sink. Be
sure the collectors are not making
electrical contact with the cover.
Switch S7 and /2 are mounted on the
same cover.

The transformer is mounted in the
enclosure, while S2 and JT are on one
of the sides. Drill a small hole for the
four leads to the fluorescentlamp. The
lamp reflector can be made of sheet
aluminum with wooden end pieces.
The lamp holders are attached to the

Diopside
(silicate of calcium
and magnesium)

Masked by
pyroxene mass

Fluorite Purple, green

(calcium fluoride) or yellow.
Occasionally,
blue

Opal Variegated

(hydrous silica)

Scapolite
(complex silicate
of calcium, sodium
and aluminum)

White, greenish
yellow

Sodalite

(a silicate of
sodium containing
aluminum and

Usually
nondescript

chlorine)

Sphalerite Often

(zinc sulphide) indiscernible
in mass

Tremolite Colorless

(calcium crystals or

magnesium a dull talc

silicate)

Willemite Usually

White, blue-
white

N.Y., N. Jersey

Blue, dark red Widely distributed

U.S.
Green Western U.S.
Brilliant Quebec, Canada
yellow, red

Golden brown N. Hampshire,

N. Jersey
Golden orange, N. Jersey,
blue Colorado,
Arizona
Pink, red, New York
fire-red,
orange,
gray-green Ontario,
or cream Canada only

Yeliow-green Arizona, N. Jersey

(zinc silicate) indistinguishable,
sometimes apple-

green, dark brown

Wollastonite
(calcium
metasilicate)

Zircon

or red

Gray or white

Clear, blue

(zirconium silicate) Red

1980 EDITION

Blue-white

Weak orange
or yellow
(Blue-white

if associated
with barite or
green with
Willemite)

Dirty yeltow
Dirty red

N. Jersey,
Arizona

California,
N. Carolina

Batteries can be carried
in cassette or binocular
case with shoulder strap.

Internal layout of prototype.

end pieces. The reflector can then be
attached to one long side of the case.
A pistol-grip handle can be attached to
the case if desired.

The 6-voltbattery can be carried ina
shoulder holder (cassette case,
binocular case, etc.) with a two-lead
cable to plug P7. A conventional
117-volt lamp cord can be connected
to P2. @
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SYNTHESIZER

ADD CONTROLLABLE “"CHUFF-CHUFF",
STEAM, WHISTLE, AND BELL SOUNDS TO
YOUR MODEL RAILROAD LAYOUT AT LOW COST

he train comes roaring down the grade,
steam “chuff-chuffing” furiously.
As it nears a grade crossing, the wail
of the steam whistle is heard and the
crossing bars drop. The train lumbers
through the crossing and starts
laboring on an upgrade as it approaches
the station, its bell clanging. There
is a full head of steam on, and as
the train comes to a halt, a safety
valve lets go with a thunderous
blast of steam. . . . .

Bl
8
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STEAM

CUTOFF BURSTI

NOISE
— AMP. SHAPER

OEN.
TIRER | TRANS.
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d  ON/OFF
—

CHUF F-CHUFF

WHISTLE WHISTLE
THRESHOLD
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osc. ANME.
SHAPER TR
Fig. 1. Block diagram
L/l shows how 3 sound effects
are combined in mixer.
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Fig. 2. Steam sound comes from white-noise generator Q1.
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All of the sound effects described on
the preceding page can be obtained in
your model train layout if you build this
sound synthesizer. Using relatively sim-
ple circuits and readily available compo-
nents, the system can be assembled
easily in a few hours. The loudness of
the sounds obtained is determined by
the audio ampilifier that you use in con-
junction with the synthesizer.

Since most modern railroad layouts
are already equipped with electrically
operated switches, signal lights, and
speed controls, the addition of the sound
synthesizer will have the effect of turning
your system from a silent movie into one
with sound. The synthesized sounds are
quite realistic and are of a wide variety.
They can range from those of a distant,
rapidly approaching train, with the vol-
ume increasing as the train approaches
and slows down for the station, to the
noise of wheels slipping on an engine
trying to start with too large a load.

A block diagram of the complete syn-
thesizer is shown in Fig. 1. It consists of
four more-or-less independent circuits: a
“chuff-chuff” generator for the steam
sound, a whistle generator, a bell circuit,
and a three-channel signal mixer.

Chuff-Chuff. As shown in Fig. 2, tran-
sistor Q1 is operated in the avalanche
mode and generates a steady white
noise (hiss) signal across R2. This sig-

nal is applied to amplifier Q3, which is

adjusted to a point just below cutoff by
R10.
Timer IC1 produces pulses at a rate

PARTS LIST
CHUFF-CHUFF

C1—100-pF, 25-V electrolytic capacitor

C2—10-pF, 25-V electrolytic capacitor

C3—0.1-pF capacitor

C4,C5—22-pF, 25-V electrolytic capacitor

C6—0.005-pF capacitor

C7—0.01-pF capacitor

IC1—555 timer

Q1,Q3—2N2712 transistor

Q2—2N2219 transistor

The following resistors are ¥%-W carbon

composition unless otherwise noted:

R1,R5—1000 ohms

R2—1 megohm

R3—70,000-cohm panel-mount potentiometer

R4-—150 ohms

R6-—150,000 ohms

R7,R9—10,000 ohms

R8--2200 ohms

R10—50,000-0hm board-mount potentiome-
ter

S1—Spst switch

$2—Spst NO pushbutton switch
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determined by C2 and the setting of R3.
Thus, R3 is the chuff-chuff speed control
and, with the values shown, can be set
to provide sounds from those of a slow
starting engine to very fast bursts of
steam. Make sure that R4 is not less
than 150 ohms or the speed setting will
be unstable.

The pulses from IC1 are applied to
Q2, which functions as an electronic
switch. When Q2 conducts, R8 is shunt-
ed across the lower portion of R10, thus
bringing Q3 above cutoff. Transistor Q3
then amplifies for one chuff. Capacitor
C6 rolis off some of the high frequencies
to produce a softer steam sound.
Capacitors C4 and C5 shape the start-
ing and stopping of the individual chuffs.
The +15-volt supply is decoupled by
R1/C1 to keep any pulses from getting
into the remainder of the circuit.

Whistle. In this circuit, shown in Fig. 3,
transistor Q7 is a fixed tuned twin-T os-

cillator. The circuit for Q2 is almost iden-
tical except for tuning control R11. The
second oscillator can be tuned from a
zero-beat with the first oscillator to a fre-
quency that simulates the two-tone ef-
fect similar to that heard from a diesel
engine. Points between can be selected
for a variety of sounds, including a
steam whistle.

Because the outputs of the two oscil-
lators are fed to potentiometer R12, a
further range of possible tones exists.
The power supply to the oscillators is
decoupled by R13 and C12.

Transistor Q3 is connected as an ava-
lanche-mode white-noise source, whose
output (across R174) is amplified by Q4.
The output of Q4 is fed to potentiometer
R19 along with the output of the two
tone oscillators. The final mix of tone
and steam is fed to amplifier Q5.

When whistle pushbutton S7 is open,
resistors R22 and R25 keep the emitter
of Q5 at a higher potential than the base,

so that the transistor is cut off. When S1
is closed, R24 is grounded, shunting it
across R25. This causes C719 to reach a
lower charge level since it is now being
discharged by R24. Thus the start of
each whistle is made less abrupt to sim-
ulate a real steam whistle. When 87 is
released, the recharging of C18 re-
moves the terminal thump.

Bell. In the circuit in Fig. 4, transistor
Q1 operates as a twin-T oscillator with
potentiometer R7 set so that the circuit
is just below the point of oscillation. If
this control is set too low, the bell sound
will be dull and have too short a decay
time. Transistor Q2 is an emitter follower
isolator between the bell oscillator and
the mixer stage. Timer IC1 generates
pulses to produce repetitive ringing with
the rate (about one per second) deter-
mined by R15 and C9. The value of R15
can be reduced to increase the ringing
rate of the bell.
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QI-Q5s2N2T12 =i
RE =—nRp PARTS LIST WHISTLE
ROk OO
é,o C1,C3,C6,C11—0.047-uF capacitor R1,R6—39,000 ohms
T~ .005)F C2,C7—8200-pF capacitor R2,R7,R14—1 megohm
C4,C5—0.0047-p.F capacitor R3,R4,R8,R9—100,000 ohms
i C8,C9,C10—0.005-pF capacitor R5,R16,R17,R21,R23—10,000 ohms
5K C12—47-uF, 25-V electrolytic capacitor R 10—3900 ohms
C13—0.05-uF capacitor R 11—5000-0hm panel-mount potentiometer
Zrio C14,C18,C19—22-pF, 25-V electrolytic ca- R12—5-megohm panel-mount potentiometer
F3i0K pacitor R13—1000 ohms
el cell| C15—0.033-w.F capacitor R15,R20—150,000 ohms
.0084\uF 005/ [yF C16—0.1-uF capacitor R18—220 ohms

Fig. 8. Oscillator @1 and Q2
take white noise from Q3 to
create steam plus whistle.

C17—0.039-u.F capacitor

Q1 through Q5—2N2712 transistor

The following resistors are ¥-W carbon com-
position unless otherwise noted:

R19—3-megohm board-mount potentiometer
R22-—47,000 ohms

R24,R25--2200 ohms

S1—Spst NO pushbutton switch
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BELL

C1-—0.05-p.F capacitor

C2-—0.01-pF capacitor

C3,C4—0.015-pF capacitor

C5-0.1-pF capacitor

C6,C8-—0.047-pF capacitor

C7—100-uF, 25-V electrolytic capacitor

C9—22-uF, 25-V electrolytic capacitor

D1—Silicon diode rectifier

IC1—555 timer

Q1,Q2—2N2712 transistor

The following resistors are ¥2-W carbon com-
position unless otherwise noted:

R1,R3,R11—1 megohm
R2,R5,R6—82,000 ohms

R4—39,000 ohms

R7—100-ohm panel-mount potentiometer
R8--5000 ohms

R9,R12—1000 ohms

R 10—33,000 ohms

R13,R15—10,000 ohms

R14—150 ohms

S1—Spst switch

Fig. 4. Bell circuit uses twin-T oscillator Q1 and switch.
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PARTS LIST The following resistors are ¥2-W carbon com-

MIXER

C1,C2,C3-—0.47-pF capacitor
C4,C6—100-pF, 25-V electrolytic capacitor
C5-—25-uF, 25-V electrolytic capacitor

J1 through J4—Phono connectors
Q1—HEPF0010 FET

Q2—2N2712 transistor

position unless otherwise noted:

R1,R2,R3--25,000-ohm board-mount poten-
tiometer

R4,R5,R6—100,000 ohms

R7—10,000 ohms

R8-—4700 ohms

R9,R10—1000 ohms

Misc.—Board, wire, solder, etc. for all four
circuits.

Fig. 5. Sound effects are combined in Q1 and drive amplifier through Q2.

The output of IC1 (pin 3} is applied to
the voltage divider made up of R13 and
R12 to reduce the signal level. The
pulses are then rectified by D1 and dif-
ferentiated by C8 and R10 to produce
sharp spikes that trigger the twin-T oscil-
lator, Q1.

Mixer. The outputs of the three sound-
effect circuits are combined in the circuit
shown in Fig. 5. Each input is coupled to
its own level potentiometer (R1, R2, or
R3) and they are combined at the gate
of FET Q1. The output of Q1 is coupled
to the external audio amplifier through
emitter follower Q2 and capacitor C6.

Construction. The easiest approach
to construction of the synthesizer is to
build each circuit on its own small board.
You can use perforated board and point-
to-point wiring or make a small pc board.
The arrangement is not critical. Each
board can be built and tested usinga 15-
volt supply and an earphone (or a small
amplifier/speaker combination). Be sure
that transients generated by the timer
IC's are not coupled into any of the cir-
cuits. If necessary, more +15-volt line
decoupling is recommended. Sockets
can be used for the transistors and IC’s.

in the prototype, short lengths of
shielded audio cable were used to cou-
ple the output of the three sound-effect
circuits to the mixer inputs. Another
length of shielded audio cable connect-
ed the mixer output to the audio system
being used.

The boards can be installed in any
type of chassis, with all controls on the
front panel, clearly identified.

Use. Connect the mixer output to a
good-quality audio amplifier and speak-
er combination. In the bell circuit, set the
threshold potentiometer (R7) for the
best sound when bell switch S1 is oper-
ated. There should be no clicks or pops.
Do not try to control circuits by turning
the power on and off.

The chuff-chuff has three front-panel
controls with R3 being the rate control,
82 providing steam bursts, and S7 for
on-off. It is best to group these three
controls together so that they can be op-
erated with the fingers of one hand. The
whistle circuit has one switch (S1); the
three internal potentiometers in this cir-
cuit should be preset.

If your train system is already
equipped with electronic speed controls,
you might consider ganging the chuff-
rate potentiometer with the train speed
control potentiometer for smoother oper-
ation of the complete system.
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“

OST EXPERIMENTERS think
that using an ohmmeter is the
best way to test a semiconductor

4
diode. However, some ohmmeters
supply too much current to the device,
causing an “‘open’ where one does
not really exist. Other meters indicate

values of forward and reverse resis-
tance, which hopefully give an indica-

. tion of the diode’s condition.

In the Automatic Diode Checker de-
scribed here, the diode is tested in the
forward-bias condition for excessive
voltage drop and then in the reverse

condition for excessive leakage cur-
rent. Each testis made during one half

of the power-line frequency, and the
results are displayed simultaneously
on two LED's labeled oPEN and LEAKY.
The LED marked oPeN is illuminated
when there is excessive voltage drop.
The otherislitwhen there is excessive
reverse leakage. If the diode fails both

tests, both LED’s are on. With no diode
in the clips, the oPEN indicator is on.

Makes a complete check When a good diode is inserted in the
. test clips (correctly oriented), both
in 1/60th of a second. LED's should be off. There will be no

damage to either the diode being

tested or the diode testerif the diode is

BY R. M. STITT inserted the wrong way; but both
LED's will glow.

The peak reverse voltage is less than

18 volts and the peak forward current

is less than 4 mA. With the values

: . shown in Fig. 1, oPEN indicates a for-

ward voltage drop in excess of 1.3

volts at 3 mA; and LEAKY indicates a

reverse leakage current of about 0.05

mA at 16 volts.

How It Works. On one half cycle of
the ac supply, the oPEN circuit is active
(D1, D2, D3, R2, R3, Q1 and LEDT). In
this half cycle the upper ac line is posi-
tive. (D4 and D5 are reverse-biased to
isolate the other part of the circuit.)
Current, limited by R2, flows through
D1 and the diode being tested. The
voltage across the test diode is
applied through D3 to the base of Q7.
If this voltage exceeds 1.3 V, Q7 turns
on and sinks current through LED7,
indicating high forward drop.

When the ac supply reverses, the
lower part of Fig. 1 is active, with D7
and D2 reverse-biased to shut out the
OPEN part of the circuit. Any reverse
leakage current through the test diode
flows through R7, creating a potential
across it. This voltage is applied to the
base of Q2 through R7 and D5. When
this voltage exceeds about 2 volts, Q2
isenergized, turningon Q3 and LED2.

Since the circuit uses a conven-

ELECTRONIC EXPERIMENTERS HANDBOOK




All that's new and unique in quality electronic kits you can build

SEE THEM IN
THE LATEST

HEATHKIT
CATALOG-

The world’s iargest
selection of easy-to-
build, money-saving
electronic kits
for home, hobby
or business

NEARLY

400
OF THE
s S R e FINEST
Bl mae 3| | 3% [ ELECTRONIC

digital alarm clock protesslonal-grade {.

engine analyzer P vl’ i ; KlTS'
' ALL FULLY
g cuwseiee DESCRIBED &
e — m o ILLUSTRATED

g IN THIS BIG,

COLORFUL104-

Giant screen
Projection TV

e Simulated Precision Heathkit
TV picture

weather computer

FREE

|
Microprocessor
self-instructlon program —

SEND FOR YOURS
TODAY! < |
-
An all-in-one your key to computer knowledge
- computer system, complete

" with built-in floppy disk storage r-----------------
Heath Company

K -
P ; . Dept. 110-590
JUS ...the 1atest line of electronic products =H‘ Bathklt Benton Harbor, Ml 49022

in easy-to-build money-saving kit form: auto-
motive ¢ marine » home products ¢ avionics ¢
clocks ¢ security e color TV e weather » tools
¢ test instruments ¢ books ¢ amateur radio ®
stereo HiFi ® compulter systems e self-instruc-
tion programs. )

D YeS Please send me my FREE Heathkit Catalog.
| am not currently receiving your catalog

pd
o
3
©

Address

Mail coupon ar card NOW

Heathkit products are displayed, sold and serviced at
Heathkit Electronic Senters coast to coast (Units of Schlum-
burger Products Corporation). See the white pagss of your
phone book. If coupon is missing, write Heath Company,
Dept. 110-59C, Benton Harbor, Michigan 49022

City — State

CL-712 ZIP

F--_ﬂ-_

(N S N N S S S N S S S N S N S S S A
CIRCLENO.50ON FREE INFORMATION CARD

a | ypa—

1980 EDITION



tional 12-volt transformer, no dc sup-

4;& 22 nl ply is required and all switching is per-

£ formed automatically at 60 Hz.

INQ?l INQ?E

Construction. Although circuit lay-
e x out is not critical and any type of con-
Al struction can be used, a unique ap-
. . . D3 EN390% proach was used in the author’s pro-
Fzg..l‘. The open NS / totype as shown in the photographs.
u'hele )zf;)(;)fefi)zec) ?ff;j \ The pc board foil patternshown in Fig.
» ->J 2 can be used to make a board which

is positive. “Leaky
circuit operates
when this line is

has the components mounted on one
side with the other side serving as the

. 12.6V q
negative. Both cover for the plastic case. The compo-
circuits test diode 71 ———= nent holes are drilled onily half-way
at line frequency. into the board. The only holes drilled
| all the way through the board are
3R7 R4 those for mounting the LED’s and the
PARTS LIST wvac o e diode test clips. The other compo-

D1 1o D5—Silicon diode (IN914 or similar)
LEDI.LED2—Red light emitting diode*
1.002,Q3—Transistor (2N 3904 or similar)
R1—47,000-ohm, Y4-W, 5% resistor
R2,R7—4700-ohm, Y4-W, 5% resistor
R3.R5—330-ohm, Y4-W, 5% resistor*
R4—2700-0hm. Y4-W, 5% resistor
R6—10,000-ohm, Y4-W, 5% resistor
T1—12.6-V, 100-mA transformer
*R3 and R5 can be varied to change the
brightness of the LED's.
Misc.—Diode test clips, plastic case
(Harry Davis #220 or similar). line cord,
grommet, mounting hardware. etc.

Q2
2N3304

Q3
2N3904

nents are mounted by bending and
cutting their leads so that they just fit
on their pads. Solder must be applied
quickly and properly to insure a good
mechanical hold.

Transformer T7 can be attached to
the bottom of the plastic case, with
plastic foam insulation between the
transformer and the components on
the board. Use a grommet on the hole
fortheline cord inthe side of the case.

e =
I @1
i
I
- R _”
ES
12VAC bd TEST / e
f Z 00 e
{";’;’:‘ - Photo shows how components are
YRS_P e T Fig. 2. Pc board mmuzt_‘ed on pe board with the
R ) o 0 can be used as transformer in the bottom of
- 2 o . . o o
‘“'1505—””:". °3 case cover with the case with foant insulation.
S component monnting
f © # % as shown at left.

Identify the LED’s on the front of the
pc board, and draw a diode symbol
between the two test clips with the
anode side going to the junction of D7
and R7.

o]

Checkout. Check the pc board for
correct installation of components,
and then apply power to the tester.
The opeN indicator should come on.
Connect a diode that you know is
good between the test clips. Note that
both LED's are off. Remove the diode
and connect a 100,000-ohm resistor
between the test clips. Note that both
LED's are on. Remove the resistor and
connect two or three good diodes in
series across the test clips. Only the
OPEN LED should turn on. @
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“DELTA-GRAPH”

$175 stereo kit features modular
design, artificial inductors,
and 10-octave control.

HE Delta-Graph ten-octave-band equalizer described
here can solve a number of sound problems for home and
professional audio systems. In the home, it can be used to
compensate for poor listening-room acoustics and the differ-
ences in the responses of phono cartridges, amplifiers, and
speaker systems. For serious tape recordists or for profession-
al applications, it can be used to emphasize or de-emphasize
one or more instruments during a mix-down session and to
modify the input signals to create special sound effects.
Among the equalizer's features are low cost, modular de-
sign, the use of op amp gain stages and artificial inductors,
flexible interfacing with a variety of audio devices, and very-low
noise figures. (See Specifications box.) Universal input/output
circuitry with high-level drive capability provides balanced low-
impedance inputs as well as standard single-ended outputs for
maximum flexibility. The equalizer's ten slide potentiometers,
one for each musical octave, are arranged in a horizontal line
to provide a graphic display of the adjustments made to the
sound system. The controls provide a boost/cut range of 15
dB in each direction for a total of 30 dB of control in each oc-
tave. The equalizer can be built for a monophonic, a stereo-
phonic, or a four-channel system with costs starting at $80
(less power supply) for a one-channel kit.
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OCTAVE-BAND
EQUALIZER

BY BRYAN T. MORRISON

About the Circuit. Many active equalizers offer a limited
number of control “bands” (usually five), which means that
each control must cover two or more octaves. Although this is
better than no control at all, this approach does not permit sep-
arate adjustments of all octaves in the audio range. A better
approach is to divide the audio band into ten octaves, as is
done in the Delta-Graph. Now, each octave can be individually
adjusted with high precision.

The control circuits usually found in active equalizers em-
ploy expensive and bulky physical inductors to achieve dis-
crete-band control. The Delta-Graph, however, uses special
“gyrator” circuits that electronically simulate inductors to keep
down cost and size and to obtain precise, predictable band
control. By using gyrators in all but the highest-octave band,
the equalizer is highly immune to electromagnetic fields, has
accurately predictable saturation levels, and can simulate a
wide range of inductances without changes in size or apprecia-
ble price variations.

The schematic diagram of the basic monophonic equalizer
module is shown in Fig. 1. Note that the first nine bands use
the gyrator circuits, while the tenth uses a miniature inductor.
(Hum pickup and saturation are not important factors in the
highest frequency band.)
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Fig. 1. Schematic of one modular equalizer

channel. Two such circuits are required

TO PIN Il OF ALL ICS

R32
330 48y

o c25
for stereo; four for quadraphonic systems. DI [a7uF o
IN4752A — POWER
- — SUPPLY
TO PIN 7 OF ALL ICS
ICI-IC3=4136 26
* I.47uF Ere
o o)}
iy -
c22 R29 ouTPUT
3000
T o) L4
';'3'5' y/ OUTPUT
3000
- <
fedk 3
RaI $ 3
3
cs cIo
OI5pF .0039
»F
LI
25
mH
RIO
1K

The following are 50-volt, 20% tantalum capa-

citors:
Cl—22pF
Cl—I1 pf

C3.C25.C26—0.47 uF

The following are S0-volt, 10% Mylar capaci-
tors:

C4—0.27 pF

CS.C11—0.12 nF

C6.C12—0.068 uF

C7.C13—0.033 uF

C8.C14—-0.015 uF

C9.C15—0.0082 puF

C10.C16—0.0039 uF

C17—0.0022 uF

C18—0.001 pF

The following are 50-volt. 20% disc capaci-
tors:

C19-—470 pF

C20.C21.C23.C24—56 pF

C22—22-pF. 16-volt upright aluminum elec-
trolytic capacitor

Additional active stages in the circuit provide the balanced
inputs and outputs that are so often used in professional re-
cording and PA applications. Resistors R20 through R23 make
up a precision-balanced input stage for true differential, high
common-mode rejection in balanced-line systems. When an
unbalanced input is desired, as in home audio systems, the
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EQUALIZER MODULE
PARTS LIST
{per channel)

D1-—33-volt. I-watt zener diode (IN4752A or
equivalent)

IC1.1C2,1C3—4136PC
amplifier 1C

J1 through J4—Phono jack (optional)

L1—25-mH toroidal inductor

The following are V4- or Va-watt, 10% resistors

R1 through R 10—1000 ohms

RI11.R13,R14,R15 RI8,R19—100,000 ochms

RI12,R16.R17-—-91,000 ohms

R20 through R23—34,000 ohms

R24 R25,R27—6200 ohms °

R26 R28—12,000 ohms

R29,R30—300 ohms

R31,R32—33 ohms

R43—470.000 ohms

R33  through R42—50,000-ohm W-taper
slide-type  potentiometer with  silicone
damping and center detent ($3.00 each)

Misc.—Suitable enclosure: printed circuit
board: eight-contact barrier block (Kulka
Electric No. 670A-3100-8 similar,

quad  operational

or

$1.50): knobs for slide pots; 1/16" thick alu-
minum stock for rear panel, pot brace, and
power supply bracket; plastic standoffs (4);
shielded audio cable: hookup wire: machine
hardware; solder; etc.

Note: The following items are available from
Delta-Graph Electronics Co., Box 741, Pas-
co, WA 99301: Complete mono kit of
equalizer module parts, including pc¢ board.
tested 1C's, finished case, rear panel, but
less power supply. No. EQIOM, for
$80.00: Stereo version of No. EQ10M. No.
EQI0SP. including power supply, for
$175.00; Power supply kit for up to four
equalizer modules, No. PS-4, for $25.00;
Wainut veneer cabinet that accommodates
two equalizer modules and power supply,
No. EQIOWC, for $30.00; 25-mH toriodal
inductor, No. EQLI1, for $3.00. Washing-
ton residents, please add 5.4% sales tax.
Postage and handling costs are $3.00 within
the U.S.. $12.00 outside the U.S.

module’s inverting (—) input can be grounded and the signal
applied to the noninverting (+) input.

Capacitors C21, C24, C25, and C26 stabilize operation of
the op amps. Capacitors C20, C22, and C23 provide a gentle
frequency-response rolloff in the range beyond the top end of
the audio spectrum to limit noise and r-f interference. Resistor
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R43 ground references the IC1B equalizing op amp at its + in-
put.

The output of the equalizer is fixed at 600 ohms balanced or
300 ohms single-ended by R29 and R30, which also provide
short-circuit protection. Even though the 4136 op amps have
built-in overload protection, this is an added safety factor. (The
op amps were also chosen for their high slew rates and superi-
or noise ratings.) The output stage will effortlessly supply
enough volitage and current to drive a dozen typical power am-
plifiers into clipping, even if the amplifiers are connected in par-
allel with each other. Furthermore, it will drive the amplifiers
without an increase in THD or IM and without any loss in the
bass register.

Resistors R26, R27, and R28 and IC1C form an output that
is shifted 180° from the + input. In single-ended applications,
an output can be taken from one point while the other point is
left open. Both outputs can be used in applications requiring
"“bridge” driven amplifiers.

Zener diode D1 protects the op amps from overvoltages and
power supply transients and permits operation from high-volt-
age supplies, with the addition of external current-limiting re-
sistors. Internal current-limiting resistors R31 and R32 are opti-
mized for operation with the power supply shown in Fig. 2,
while providing extra power supply noise and ripple isolation.

The Fig. 2 power supply is designed to deliver =18 volts at
up to 200 mA. Since the nominal current demand of each
equalizer module is 50 mA, the supply willaccommodate up to
four modules for quadraphonic system equalization.

Construction. The equalizer modules and power supply are
best assembled on printed circuit boards, the actual-size etch-
ing and drilling guides and components-placement diagrams
for which are shown in Fig. 3. Use a low-wattage soldering iron
and fine solder.

Start by assembling the equalizer module. First install the re-
sistors and capacitors, followed by the diode and toroidal coil
(clip off unused leads), then the IC’s, and, finally, the slide po-
tentiometers. Be sure to orient all components properly.

The pots should be mechanically tied together to prevent
them from shifting, as the sliders are operated, with an 834"
(22.2-cm) length of %" X '/1” (9.53 X 1.6-mm) aluminum. Drill
¥%"” (3.16-mm) holes %" (19 mm) apart, starting 3% (9.5 mm)
from one end of the strip.

Strip both ends of a 114" (3.8-cm) length of hookup wire; sol-
der to one end a No. 6 solder lug; and solder the other end to
the “ground pot support” pad on the pc board. Place the alumi-
num strip over the top sections of the slide pots and align the
holes in the strip with the threaded holes in the pots. Place a
No. 4 washer over a 4-40 x 14" machine screw, and drive this
screw down in the hole of the second pot. Secure the strip to
the other nine pots with 4-40 x 14" screws.

Cut a piece of '/." aluminum plate to 8” X4%"” (20.3 X 12.1
cm) and drill */” (4.8-mm) holes along one of the short
ends, locating and spacing them to exactly line up with the in-
put/output and power pads on the pc board. Mount the barrier
block so that its solder terminals pass through the holes and do
not touch the metal plate. Then drili the holes for the spacers
that will be used between the board and rear plate. Use %"
(12.4-mm) spacers and self-tapping 6-32 x 14” machine
screws to fasten the spacers in place. Solder the lugs of the
barrier block to the pads on the pc board.

Assemble the power supply board, carefully following the
guide for it shown in Fig. 3. Be sure you properly orient the
electrolytic capacitors, rectifier diodes, and transistors. Fasten
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D(-D4=IN40OQ!

SI (OPTIONAL)

17VAC~-60Hz

R

POWER SUPPLY PARTS LIST
C1.C3—470-uF. 25-volt upright electrolytic

capacitor
C2.C4—100-pF, 25-volt upright electrolytic
capacitor
D1 through D4—1N4001 rectifier diode
Fl—1I-ampere fuse

Q1—D42C1 npn silicon transistor (General
Electric)

(Q2—2N5369 npn silicon transistor

Q3—D43C1 pnp silicon transistor (General
Electric)

Q4—2N5373 pnp silicon transistor

R1,R4—750-ohm, Y2-watt resistor

R2,R5—18.000-ohm, V2-watt resistor

R3.R6-—680-ohm, Y2-watt resistor

S 1—Spst switch (optional)

S01—Chassis-mounting ac receptacle

T1—28-volt center-tapped, 200-mA  trans-
former

Misc.-—Mounting panel; barrier block (Kulka
Electric No. 600Y-3); machine hardware;
hookup wire: solder; etc.

Fig. 2. Power supply accommodates
up to four equalizer modules.

CLAIMED SPECIFICATIONS

Frequency response: 20 to 20,000 Hz
+0.5dB.

Dynamic range: Output noise greater
than 105 dB below maximum output
from 20 to 20,000 Hz.

S/N ratio: Better than 90 dB referenced
to 2-volt rms rated output from 20 to
20,000 Hz.

Band centers: 31.25 625, 125, 250,
500, 1000, 2000, 4000, 8000, 16,000,
Hz nominal.

Adjustment range: +15 dB maximum
(30-dB total range).

THD: Less than 0.1% at rated output from
20 to 20,000 Hz.

IM distortion: Less than 0.01% at rated
output 60/7000 Hz mixed 4:1; typically
less than 0.003%.

Rated output: 2.0 voits rms into 10,000
ohms.

Clipping output: 10.0 volts rms into
10,000 ohms single ended, 20.0 volts
rms into 10,000 ohms baianced.

Input impedance: 68,000 ohms single
ended; externally set with terminating
resistor for balanced inputs between
600 and 100,000 ohms.

Output impedance: 300 ohms single
ended, 600 ohms balanced.

Note: All controls at 0 dB.
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down the small barrier block with No. 6 machine hardware.
Note that the transformer, fuse and holder, and accessory ac
receptacle mount off the board. Again, you will need a '/1"
thick aluminum backplate. Cut the plate to 62" x 234" (16.5 X
7 cm) and bend the plate along the short dimension 114” (3.2
cm) in from the edge at a right angle. Machine the short upright
section of the bracket for the line cord strain relief, accessory
ac receptacle, and fuse holder. Then drill the mounting holes
for the transformer and power supply board. Mount the recep-
“tacle, fuse holder, and transformer in their respective loca-
tions. Referring to Fig. 2, wire the primary circuit of T1 as

. y & zg g 0
vty B A . @ P %
%;&}v‘») Y % % ¢ . g
E VT k4 B LI N B ¥
MODH'EE I1/0
CON TOR
CHAMNEL B CHANNEL A
o}
Dox
+18V _

sound system. Use shielded audio cable when making the sig-
nal-line hookups between the equalizer and your sound sys-
tem. It can also be connected into the system via the tape
monitor circuits, which will allow the equalizer to be switched in
and out of the system with the TAPE MONITOR switch of your re-
ceiver or preamplifier.

Final Assembly. Once you are satisfied that your equalizer
is operating properly, disconnect it from your sound system.
Then mount the module(s) and power supply in a suitable en-
closure. (Do not forget to mount the power switch, if you chose

.

SEE TEXT FOR
CASE GROUNDING
INSTRUCTIONS

INPUT  OUTPUT
A A

shown, connecting the ends of the line cord directly across the
receptacle if you are not using a power switch. If you plan to
use S1, modify the circuit as shown and plan to mount the
switch on the front panel of the case in which you house the
equalizer. Snap a plastic strain relief over the line cord and se-
cure it in its hole in the bracket.

Set the power supply board near the secondary side of the
transformer and connect and solder the latter's leads to the ap-
propriate pads on the board. Then use 14" spacers to mount
the board to the bracket.

With the equalizer module(s) and power supply subsection
fully wired, you can set them side by side and temporarily inter-
connect them, following the diagram shown in Fig. 4 to check
out their operation. (Note that the diagram illustrates the wiring
scheme for a home stereo system. If you plan to build only a
monophonic version, simply disregard everything to the left of
the Channel A barrier block. Alternatively, if you are planning
to build a quadraphonic equalizer, Channels C and D are add-
ed exactly in the same manner as Channel B is shown con-
nected to Channel A.)

During tests (and in actual operation), the equalizer can be
installed between the preamplifier and power amplifier in your
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CONNECTOR

Fig. 4. Wiring scheme for home
audio system is shown here with
stereo setup. For mono, eliminate
channel B; for 4-channel add
channels C and D in same manner
as shown for channel Bto channel A.

to use one, in a convenient location on the front panel of the
enclosure.)

As the circuit is designed, the equalizer's audio and chassis
(case) grounds are separate and brought out to terminals on
the rear panel via the barrier block. If youuse a nonconducting
enclosure (such as a wood cabinet, plastic box, etc.), simply tie
each module’s case ground to its input ground. When you
mount the modules in a metal enclosure and the module cases
are physically grounded to the enclosure, it is wise to leave the
case ground terminals floating so that the audio ground path is
connected to the enclosure at only one point in the entire sys-
tem. This will prevent ground loops.

In Conclusion. As you use the equalizer in your sound sys-
tem, you will discover that there is a certain amount of interac-
tion among the controls. This is a normal condition. You will
also find that, to obtain the best possible equalized sound from
your system, you will have to do considerable experimenting
with the settings of the various slide controls. However, once
you get your system properly equalized, you need never again
touch the controls—unless you change speakers, amplifier, or
cartridge, or you move your system to a different area. v
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Measure RPM of Rotating Elements with

THE IC

PHOTO TACHOMETER

Battery-operated device gives accurate readings
up to 50,000 rpm without physical contact.

F you service the numerous motor-

driven appliances and tools found in
the home, shop, or factory, consider
building this photo tachometer. By re-
cording normal rotational speeds for
comparison with later measurements,
you can easily detect the effect of worn
gear trains or motor brushes and gauge
improvement of performance after re-
pairs. With no mechanical coupling re-
quired, the Photo-Tach measures the
rpm of any type of rotating element, in-
62

BY ADOLPH A. MANGIER!

cluding miniature high-speed, low-pow-
er motors. You can also use the Photo-
Tach as an analog frequency meter,
useful for checking inverters and auxili-
ary ac generators.

Operated in either the incident or re-
flecied light mode, the Photo-Tach in-
cludes five ranges up to 50,000 rpm. A
plug-in light probe, using a high-speed
photo-transistor, facilitates speed mea-
surements. Using low-cost, high-perfor-
mance IC’s, the battery-operated ta-

chometer features high accuracy and
stability. See schematics in Fig. 1.

How It Works. Light pulses striking
photo-transistor Q7 produce voltage
pulses at the input of operational amplifi-
er IC1, connected as a Schmitt trigger
which produces a sharply squared out-
put pulse for each input pulse. Resistors
R3 and R4 provide positive feedback
and also determine the input voltage
hysteresis or deadband. This prevents
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the tach from responding to noise com-
ponents of the main signal and rejects
the small 120-Hz modulation of 60-Hz
incandescent light sources. input high-
pass filter, C1-R2, favors response to
fast-changing light signals.

Output pulses from IC1 are differen-
tiated by C6-R6 forming voltage spikes
which are applied to the trigger input ter-
minal (2) of timer IC2, connected as a
monostable. When a negative-going
trigger pulse drives pin 2 below one-third
Ve the timer delivers a precise output
pulse V, at pin 3. Output pulse duration,
independent of supply voltage, depends
on timing capacitor C7 and a timing re-

sistor selected by range switch S71. Out-
put pulses Vo pass through diode D1
and energize FET constant-current
source Q2-R17, producing constant-
amplitude pulses across R7. Diode D1
blocks the small residual voltage when
Vo is low. Constant-duration pulses of
constant amplitude are averaged by me-
ter M1 which responds linearly to the
repetition rate of input light pulses.

Potentiometer R16 adjusts the input
sensitivity while capacitor C11 dampens
meter pointer vibration at low (2500)
rom. With a pulse duty cycle of near
one-third at full scale, meter overrange
is within safe limits.

Construction. Assemble the Photo-
Tach in a 3" x 414" x 6V2" metal case. In
the prototype, perf board construction
was used but you can make a printed
circuit board using the foil pattern shown
in Fig. 2. Use sockets for IC1, IC2, and
Q2, and use short, heavy buses on the
circuit board as common tie points to
avoid ground loops. Install bypass capa-
citors C3 and C4 close to their IC1 pins.
Wire R16 so that its resistance is zero
with the control set counterclockwise.
Voltage-range multiplier resistor R10 s,
preferably. 1% tolerance.

Connect the supply minus to case
(ground). Tape over any unused pins

RPM X 1000
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PARTS LIST

B1—-9-volt battery (Burgess 2U6 or equiv.}

C1—0.002-pF 109% ceramic disc capacitor

C2—0.05-pF ceramic disc capacitor

C3.C4—0.1-uF ceramic disc capacitor

C5—0.01-pF ceramic dise capacitor

C6—0.001-pF 10% ceramic disc capacitor

C7—0.068-F 10% Mylar capacitor

C8.C9.C10—20-pF 15-V electrolytic capaci-
tor

C11.C12—100-puF. 15-V electrolytic capaci-
tor

D1—Silicon diode (HEP 154 or equiv.)

1C1—Operational amplifier (HEP C6052P or
741C)

1C2—555 timer IC

J1—Miniature phone jack

J2.J3—Phone tip jack (one red. one black)

Fig. 1. The light pulses at Q1 are

output pulses through Q2 are averaged by the meter as
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M {—0-50-microampere dc meter

P {—Miniature phone plug

Q1—Photo transistor (HEP POOOT, HEP 312,
or equiv.)

(Q2—N-channel JFET (HEP 801 or equiv.)

R1.R& .R9—3900-0hm, Y2-watt 5% resistor

R2—150.000-ohm, Y2-watt 10% resistor

R3—S5100-ohm, V2-watt 10% resistor

R4— 100,000-ohm. Y2-watt 10% resistor

R5.R6—47 .000-ohm, Va-watt 5% resistor

R7— 1000-0hm, V2-watt 5% resistor

R 10—200).000-0hm, Va-watt 1 % resistor

R 11—100,000-0hm resistor

R12—50.000-0hm resistor

R13-—25.000-0hm resistor

R 14—10,000-0hm resistor

R 15—5000-ohm resistor

5% or better

R16—100.000-ohm audio taper potentiome-

ter. with spst switch S2. (Radio Shack
271-1727 or equiv.}

R17—5000-ohm trimmer (Radio Shack
274-217)

R18—10,000-ohm trimmer (Radio Shack
271-218)

S1—Dp. 5-pos. shorting switch (Centralab
PA-1002 or equiv.)

S2—Spst switch (an R16)

S$3—Sp. 2-circuit momentary pushbutton switch

Misc.:—Transistor socket: DIP sockets (2);
metal case 412" x 612" x 3" (Vector
W30-66-46B or equiv.): P-pattern perforat-
ed board: knobs (2): battery clip: miniature
shiclded cable; flea clips (Vector T42-1 or
equiv.) hardware; etc.

squared up in IC1 and turn on precision monostable IC2. Constant-current
rpm. Five ranges permit testing up to 50,000 rpm.
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of the IC sockets and carefully observe
correct installation of the IC’'s. Remove
the meter dial card and mark the addi-
tional scales using dry transfers (see
photograph). Otherwise, mark rpm
range switch S1 with multipliers of the
0-50 scale. Do not connect a meter pro-
tector across M1.

Mount the meter, range switch S7,
sensitivity control A716, battery test
switch §3, probe input jack J1, ac input
connector J2, and the ground connector
J3 on the front panel as shown in the
photographs.

For photo-transistor Q1, use either a
glass lens (HEP P0001) or plastic lens
(HEP 312). Clip off or insulate the un-
used base lead of the PO0O1 transistor.
Connect the outer braid of a three- to
four-foot length of miniature shielded ca-
ble to the emitter of Q1 and center con-
ductor to collector. Make sure the braid
is connected to the grounding side of the
P1-J1 combination. Install Q1 within an
opaque plastic tube, such as the barrel
of a ballpoint pen. Position the lens
about one-quarter inch from the tip of
the probe. Install battery B7 on the back
plate of the cabinet.

Calibration and Checkout. Set
R17 and R18 to mid-position and S1 to
2500 rpm, then connect a dc voltmeter
across R7. This test voltmeter input re-
sistance should be at least 50,000 ohms
on the selected voltage range. Discon-
nect wire “X” from the rotor of switch
S1A. Operate sensitivity control R16 to
close S2. If M1 is not pegged upscale,
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short A6 momentarily, causing V,, to go
high. Adjust R17 until the voitmeter indi-
cates one volt. Remove the voltmeter,
open S2, and reconnect wire “X” to
S1A.

Breadboard the calibration circuit
shown in Fig. 3, which supplies a
120-Hz signal (equivalent to 7200 rpm)
and connect to jacks J2 and J3. Set S1
to 10,000 rpm, close S2 and adjust R18
until M1 indicates 7200 rpm. With accu-
rate range resistors, all ranges are si-
multaneously calibrated to high accura-
¢y. You can use a signal generator to
calibrate, check, or trim rpm ranges pro-
vided frequencies can be set to high ac-
curacy, as with a frequency counter.
Multiply frequency by sixty to obtain
equivalent rpm.

Next, check rejection of the small
120-Hz modulation of incandescent light
sources. Insert the probe in J7 and aim
the probe at a 50- or 75-watt lamp at dis-
tances of two inches to three feet while
varying R16 (sensitivity control) over its
range. If M1 does not remain at zero un-
der all conditions, increase input hys-
teresis by increasing R3 to 8200 or
12,000 ohms. If further remedy is re-
quired (not likely), reduce R2to 100,000
or 82,000 ohms and/or reduce C17 to
0.001 uF.

Connect a 1500-ohm potentiometer
(set for minimum resistance) in series
with the plus lead of B71. Connect the ca-
librating signat to J2 and J3. Increase
the potentiometer resistance until M1
drops to 7100 rpm or about 1% lower.
Depress pushbutton switch S3 and ob-

+
Sle—itp—~C| | — —— Cl2— g3 g1
~ +

5 =B
S2emt i —C8—s 5 _cou  (GND)

—R8—
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*lR9—6

o+le Dr\S
o oe@ S
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S3 ~difp-id— RIQ —=
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“—R3—
—R2—

Fig. 2. Though the prototype of the
tachometer was assembled on
perforated board, it is convenient
to use a printed circuit board.
C7A is two 0.033 capacitors if
thisis preferred to one 0.068.

serve battery end-point voltage on M1,
read as 0-10 volts dc. End-point voltage
should be near 6.6 volts or less. If the
voltage is above 7 volts, use a 12-volt
battery for 81 (made up of eight AA cells
connected in series). The additional
supply voltage accommodates a FET
(Q2) having a pinch-off voltage above 3
volts.

Applications. In the incident-light
mode of operation, the rotating element
whose rpm is to be checked chops or
gates the light traveling directly from a
light source to the probe. This provides a
noise-free, large-signal input to the tach.
A reflectorized handy light with a 50- to
100-watt lamp proved a most conven-
ient light source but you can use a desk
lamp, drop cord, or a flashlight.

Position the light source about two
feet behind the blades of an operating
electric fan. Hold the probe near the
front of the fan, aimed at the lamp.
Advance AR176 untii M1 shows a steady
and maximum indication. Observe that

Fig. 3. Calibration circuit
delivers a 120-Hz signal
equivalent to 7200 rpm. Multiply
frequency by 60 to obtain the
equivalent speed.
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Photoyraph of prototype, assembled using a perforated board, shows how parts were
assembled in chassis. The arrangement of the front panel is shown in the title photo.

R16 can be varied over much of its
range while M1 remains steady. For a
fan with four blades, divide indicated
rpm by four, etc.

To check the speed of a drill, con-
struct a light chopper using a three-inch
diameter cardboard disc. Cut outa 3" %
33" light gate at the edge and chuck the
disc in the drill using a machine screw.
To check motors having various shaft
sizes, attach a light chopper disc to a
suitable wheel, shaft collar, or knob. The
spokes of a large pulley can serve as a
light chopper.

In the reflected-light mode, the sensor
views light reflected from contrasting
surfaces. If surface reflectivity is exces-
sively uneven due to rust spots, dis-
colorations, or other irregularities, a re-
flected-light pulse may contain exces-
sive noise. This will be recognized as a
very high and erratic indication on the
meter. Involving two directions of light
travel, the reflected-light mode may re-
quire rigging of probe or light source, or
both, to maintain steady indications.

To check the speed of a motor having
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a half-inch shaft or larger, wrap a strip of
electrician’s tape (cloth friction type, not
glossy surface vinyl) around the shaft.
Place the band on a shatft flat if possible.
Place a strip of white surgical adhesive
tape lengthwise across the band. Or,
paint a white strip using fast-dry flat
paint. Rig the probe horizontally about
one inch from the shaft facing the band.
For the flatted shaft with white strip
on the flat, hold the light source directly
above the shaft at a distance of about 8
to 12 inches. For the round shaft, hold
the lamp about 6 inches above the end
of the probe handle. Advance R16 and
verify that the meter indication remains
steady over some portion of pot rotation,
proving adequate light input. For motors
having smaller shafts, attach a reflective
disc to a suitable wheel or knob. Paint
half of the disc flat black and the balance
flat white. Fan speed can be checked by
this method provided the fan blades are
clean and uniform in appearance. By
sighting the running fan from several an-
gles, you can pick a suitable direction to
aim the probe. Particularly with very

small fans, a slightly twisted blade can
result in a missed light pulse.

Meter-pointer vibration becomes ap-
parent below 400 rpm. In this case, in-
clude a second light gate or reflective
surface anc divide indicated rpm by two,
etc. Position additional light gates or re-
flective surfaces in an approximately
symmetrical pattern.

Keep tabs on the normal running
speeds of appliances and tools for later
comparisons. Use speed measure-
ments to isolate problems between mo-
tor and drive train and observe effect of
repairs. Speed measurements on major
heavy-duty appliances such as washers
and dryers can forewarn you of progres-
sive wear which may lead to motor over-
load and possible fire hazards.

The techometer can be used as a low-
range frequency meter to check fre-
quencies from about 10 to 800 Hz. Inject
one or two volts ac into jacks J2 and J3
and divide indicated rpm by 60. Also, by
connecting J2 and J3 to a scope, you
can observe input to the tach as you
vary lighting and sensitivity settings. <
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BUILD THE

AUDIO DETECTIVE

Here’s a sensitive troubleshooting meter for phono cartridges,

HE Audio Detective is a sensitive ac

voltmeter which will prove to be
especially useful in troubleshooting an
audio system. On its lowest range (5
mV), it can be used to test microphones
and many phono cartridges. It will also
Mmeasure potentials up to 5 volts (50
volts, if a simple modification is made).
The response of the meter is flat within
5% from 15 Hz to 20 kHz.

The instrument is battery-powered 1
mMA current drain) and is conveniently
small for portable use. A phono plug is
used for the input and input resistance is
100,000 ohms.

Circuit Operation. The circuit made
up of transistor Q1, R19, C7, and D8is a
regulated power supply which provides
14 volts for IC1 (Fig. 1). Due to the pres-
ence of C7, the supply turns on slowly to
prevent capacitor charging currents on
C2, C3. and C4 from damaging the me-
ter. Diode D7 protects the circuit from an
accidental reversal of battery polarity.

The network consisting of R1, R2, and
R3 sets the quiescent operating level of
7 volts at the output of IC1A. The dc in-
terstage coupling through R4, R7, and
R10 maintains this voltage at the out-
puts of the three following stages. The
high input impedance at the noninvert-
ing (+) input of IC1A prevents loading of
the input attenuator. Diodes D5 and D6,
in conjunction with R18, are used to pro-
tect IC1 from excessively high input volt-
ages, which might damage it.

Sections B and C of IC1 amplify the
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microphones, and PA systems
BY RALPH TENNY

audio signal from section A with stage
gains determined by the ratios of R5 to
A6 and R8 to RY. Capacitors C2and C3
couple the ac currents to the common
bus so that the ac output of each stage
swings about the 7-volt dc operating lev-
el.

Section D of IC1is a precision rectifier
and meter driver. The parallel combina-
tion of R11 and R13 establishes the gain
of the stage. Varying the value of R13
calibrates the meter so that the meter
current is 50 microamperes (full scale)
when 5 mV is applied to the (+) input of
IC1A. Resistor R12 and the combination
of C5 and C6 shunt R11 at the higher
audio frequencies to adjust the frequen-
Cy response near 20 kHz.

Construction. Circuit layout is not
critical so perforated board and mount-
ing clips or a printed circuit board can be
used. It is advisable to use a socket for
IC1 to avoid possible heat damage dur-
ing soldering.

Because of the low signal levels re-
quired by the measuring circuit, a single
common bus is used. Tie all the circuit
ground points to this bus and connect
the bus to the case at only one point—
preferably at the ground lug of J1. If J1 is
mounted on a metal panel, make no oth-
er connections to the metal portion.

Whatever the layout and case, the
checkout of the circuit will be easier if
one section is wired and tested before
going to the next. Start with section D of
the IC and the meter circuit. Since

charging currents in C2, C3, and C4 will
Cause current surges in the meter, the
operating voltage must be applied
slowly to avoid any possibility of meter
damage. The test circuit shown in Fig.
2A is used to do this. The dc operating
power can be a battery or power supply
between 12 and 15 volts dc. Be sure the
potentiometer is at the zero position be-
fore turning on the power. The signal
generator should be capable of deliver-
ing a low-distortion, 1-kHz sine wave
which can be set to zero output.

When wiring this first section, connect
R 10 temporarily to point A of the test cir-
cuit. Turn on the power and slowly ad-
just the test circuit potentiometer to bring
the voltage to between 12 and 15. Ag
the voltage is increased, the meter ac-
tion will be erratic and move upscale.
When the power is fully on, the meter
should settle back to zero.

Turn up the audio generator connect-
ed to the test circuit. As the generator
output is increased, the meter will reach
full scale when the generator is deliver-
ing 0.3 volt rms. Once this section is
working properly, reduce the test circuit
voltage and audio generator output to
zero and remove the connection to R10.

Now wire up the rest of the circuit
(sections A, B, and C of IC1). Perform
the above test again and note that the
inputs to sections A and B are 5 mV rms
for a full-scale meter indication.

Assemble the power supply portion,
using 150,000 ohms for R19. The time
constant for R19 and C7 determines
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PARTS LIST

B1.,B2—9-voilt battery

C1—0.1-pF, 50-V ceramic capacitor
C2,C3—100-pF, 25-V electrolytic capacitor
C4-—22-pF, 25-V electrolytic capacitor
C5-—100-pF capacitor

C6—47-pF capacitor (see text)

C7—45-nF, 25-V electrolytic capacitor

C8—225-uF, 25-V electrolytic capacitor

D1 to D7—1N4148 diode

D8—15-V zener diode (HEP Z0225)

IC 1—Integrated circuit (National LM324)

J1—Standard phono jack (RCA)

M1-—0.50-pA meter (Calectro D1-910 or sim-
ilar)

Q1—2N5449 or TIS98 transistor

Following resistors are Y4-W:

al
sl 2N5449 +lav
1 I:
D7
INal4g | cs
3 220 3
#RI9S 2RI
3 uF 37
+ b1
b [ D8 —~4— _L+
= 15V =
HEPZ0225 |
22 47yF
RIS
10K

ICI=LM324

R1,R2—47,000 ohms

R3—1.2 megohms

R4,R7,R10—1000 ohms

R5,R8,R18—10,000 ohms

R6,R9—1500 ohms

R11,R12--5600 ohms

R13,R19—(see text)

R14—91,000 ohms (see text)

R 15—9100 ohms (see text)

R16—910 ohms (see text)

R 17—100 ohms (see text)

S1to S5-—Spdt switch

Misc.—Suitable chassis (Calectro H4-722),
battery holder, mounting hardware, etc.

s2 S3 s4 .\(s)s_‘ c3+—L "ce—-' c5 c4+
@ ‘°°5:V ‘°5V 5V 5‘V‘ 100WF “T™~ 47oF T~ T i000F  22uF T
~  Ra RIS R R *
IN 91K 9.1K 310N 1000 _ SEE TEXT
Fig. 1. The first three op amps in IC1 form a sensitive ac amplifier and the fourth drives the meter.
+15v EL .
N 2 s !
how fast the operating power comes up. ~ When the next higher scale is switched —(®) ) 101
Select the value of R19 so that the cir-  in, the meter should indicate about 1/10 "
cuit comes into full operation without vio-  of full scale. Bring the meter to full scale :
lently “pegging” the meter. On the proto- by adjusting the audio source. Switch to com T
type, the meter settled back to zero  the next higher scale (0.5 V) and note AU&_g—l H»F
about seven seconds after power was  that the meter goes down to 1/10 of full (A)
turned on. scale. Repeat the adjustment and check LAY IR0 10
.. AUDIO — a SCOPE
Complete the assembly, wiring up the the next range. GEN IVNEPRUTT

input attenuator. The resistors used in
the attenuator can be conventional 5%
types or they can be selected with a re-
sistance bridge to be as close to the
stated values as possible. The more ac-
curate the resistor value, the more accu-
rate the meter readings.

Turn on the power and apply an audio
signal of about 5 mV rms at 1 kHz to J1
to get a full-scale reading on the meter.
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Either a laboratory calibration stand-
ard or a dc-coupled scope can be used
for final calibration and frequency-
response checking. If a scope is used,
start with the calibration. Use a new
flashlight battery (1.55 volts). Set the
scope to 0.2 volt per division, and con-
nect the battery to the scope vertical in-
put. Adjust the scope vertical gain until
the trace is 7% divisions from its zero

View of interior

of the Audio Detective
as assembled in the
author’s prototype.
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Fig. 2. (A) Test circuit for
stage-by-stage checkout. (B} A
source of 0.005-volt rms.

(C) Measuring speaker impedance.
(D) How to check filters.
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position. If the scope has a different ver-
tical range, use a range that produces a
nearly full-scale deflection.

Carefully select the two resistance
values shown in Fig. 2B and apply 1.414
volts peak-to-peak at 1 kHz as shown.
Connect the 0.005-volt rms output of this
voltage divider to J1 of the Audio Detec-
tive, with the attenuator set for 0.005 V.

Select a value for R13 that will give a
full-scale meter indication. Keeping the
output of the audio generator at this con-
stant level, reduce the frequency until
the meter indicates 0.0047 volt. The
generator frequency should be lower
than 20 Hz. If a slower roll-off is desired,
increase the value of C1. In this way, it is
possible to bring the flat response down
to 10 Hz. If a lower frequency is re-
quired, it is necessary to increase the
values of C2, C3, C4, and C7, and lower
the vaiue of R19.

With the output of the audio generator
held at 1.414 V peak-to-peak, increase
the generator frequency to 20 kHz. If the
meter indicates too low a value, the
high-frequency response must be ad-
justed. This is done by adding more ca-
pacitance across C6. Be careful not to
add too much compensation, which will
result in a “hump” near the 20-kHz
point.

Like all ac voltmeters, the Audio De-
tective will respond to almost any wave-
form. However, it is calibrated for a sine
wave and other waveforms will produce
erroneous meter readings. For example,
a 9-volt peak-to-peak sine wave will
read 3.2 V on the Audio Detective. A 9-
volt square wave would show up as 5
volts. However, as long as the waveform

ol .005V

Fig. 3. To add a 50-volt range to the

/0‘1{ Audio Detective use either a rotary
— o ¢ % 0k or discrete switches as shown here.
3 Note the changes in the bottom two
- ;gV_‘ resistors as compared to Fig. 1.
>
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remains the same, relative measure-
ments of nonsinusoidal waveforms can
be made.

Uses. The Audio Detective can be
used to troubleshoot a PA system. Plug
the microphone to be used into J71 (with
the correct adapter) and speak into the
mike. A dynamic mike should have an
output of about 1 mV, and a condenser
(electret) mike should generate between
4 and 5 mV. The Audio Detective can
then be connected to the mixer output to
test that stage. The procedure is con-
tinued through the audio system to the
speaker outputs. The signal level will get
progressively higher. At the speaker out-
puts, five volts on an eight-ohm line indi-
cates just over three watts.

To determine the gain of an amplifier,

Components assembled on the perforated board.
68

use the Audio Detective to measure the
input and output voltages. The gain is
simply the output voltage divided by the
input.

To test the frequency response of a
tape recorder, apply a 1-kHz tone to the
recorder's auxiliary input and select a
level that gives a comfortable playback
volume with the volume control set at
midrange. Record several different fre-
quencies at this same level. Terminate
the external speaker output with an 8-
ohm resistor and monitor the voltage
generated across the resistor at each
frequency. (For component tape decks,
monitor the line output unterminated.)
Plot the output voltage as a function of
frequency.

To determine speaker impedance,
use the circuit shown in Fig. 2C. Select
E;, so that 0.5 volt is generated across
the 8-ohm resistor. Switch to the speak-
er and measure E,, The speaker
impedance at that frequency is (Z,,/0.5)
x 8. For example, if Z, is 0.45 volt, the
speaker impedance is (0.45/0.5) x 8 or
7.2 ohms.

You can check the frequency re-
sponse of a filter by using the circuit in
Fig. 2D. Holding the input constant, vary
the frequency and plot E,,; as a function
of frequency. Figure 2D also shows typi-
cal response curves for both series and
parallel resonant circuits.

Modifications. The schematic in Fig.
1 shows the input attenuator spanning
four ranges from 0.005 to 5 volts. If you
want to extend the upper limit, use the
attenuator shown in Fig. 3. Two versions

are shown—one using five slide
switches and one a rotary switch. Either
will extend the range to 50 volts. O

ELECTRONIC EXPERIMENTERS HANDBOOK



BY BARTON M. BRESNIK

POUWER

FAILURE ALARM

POWER-FAILURE ALARM

Lets you know when a power outage occurs.

UMMER or winter, night or day, a

power outage in your local utility
system can cause all sorts of problems
in your home. Heating and cooling sys-
tems shut down, refrigerators and freez-
ers come to a hait, and your electric
alarm clock stops running. making you
late for work.

The power-failure alarm is a battery-
powered device that sounds an alarm
when a power failure occurs. Then you
can, at least, turn off devices that might
blow fuses when the power returns and
take what other steps are necessary to
protect your property.

How It Worls. Battery B7 (Fig. 1) gets
a constant trickle charge from the trans-
former through D1 and R171. As shown
here, the battery is made up of two
1.25-V NiCd cells. Sealed NiCd or lead-
acid storage cells with higher voltage
ratings could be used. Vented secon-
dary batteries can be used if the elec-
trolyte is checked every few months. If
carbon-zinc or manganese-alkaline cells
are used, the value of R1 should be in-
creased to 47,000 ohms. Remember
also that manganese-alkaline and mer-
cury cells may burst when recharged.
The alarm generator consists of a
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two-transistor astable multivibrator and
associated loudspeaker, while the trig-
ger portion uses an SCR and related
bias components. The SCR is in a feed-
back loop from the emitter of Q2. The
gate of SCR1 is biased low enough to
keep it from firing as a result of the
combination of R3 and R4. When a
power outage occurs, the voltage from
the battery turns on the SCR, and the
multivibrator provides an audio-frequen-
cy signal to the speaker.

The time delay provided by C1 and R3

Author’s prototype was assembled
in a 35-mm film container.

is used to keep the system from operat-
ing in case there is only a brief loss of
power (which can be caused by light-
ning) or a line transient.

In standby operation, the circuit draws
less than 1 mA, which is supplied by the
trickle charging current. When an out-
age occurs, and the SCR turns on, the
current increases to 15 mA for a 2.5-V
battery and 50 mA for a4.5-V source.

The lamp circuit is optional and can be
used to check the battery. The lamp can
also be made to glow during a power
outage by connecting a silicon diode be-
tween the LAMP position of S7 (anode of
the diode) and the anode of SCRT (cath-
ode of the <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>