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Maxi-Power @ Micro-Price

32K byte expansion boards and a mapping
optian give Micromind expandable access
to 64 Megabytes. Utilizing software-
controlled I/O channels, Micromind's
advanced encoding techniques Ioac data
from ordinary tape recorders at Z220)

bits per second.

Micromind comes tc you ready-tc-use,
factory assembled and fully tes-ed. Among
microcomputers, it has the largest memory
capazity and the fastest storage. You 're
looking at the work of the finest cisp ay
processor on the market. You won't find a
microcomputer with a more powerful CPU.
powerful assembler, a debugger, a file You won't find & computer with a
system, graphic routines, and peripheral more flexible kevboard. You won't
handiers. We also include dynamic graphic find anything tc
games: Animated Spacewar and Life. touch it at

ECD’s standard Micromind uM-65
supplies 8K bytes of memory. Additional

Micromind is an incredibly flexible,
complete and expandable, hardware/
software, general purpose computer
system. You won't outgrow it.

Hardware includes an 80 key, software-
definable keyboard, /O interface board,
6500A-series microprocessor (powerful
enough for advanced computing), a high-
detail graphics and character display
processor, power supply, rf modulator,
and connections for up to 4 tape recorders
plus TV or monitor. An interconnect bus

So, quit the kluge scene and key irto
Micromind. You'll be a main fram= per-
ormer. with all the comiorts of hcme
We're not fooling.. .. thisis the cet’s u

permits 15 additional microprocessors,
parallel processing and vastly increased
computing power.

System software—including ECD’s own
notsoBASIC high level language, on
advanced error-correcting tape cassettes

provides a word processing editor, a

ECD CORP.
196 Broadway, Cambridge, Mass. 02139

1617) 561-440C
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We developed an exciting new consumer
marketing concept. It's called ‘“‘stealing.”
That’s right, stealing!

Now if that sounds bad, look at the facts.
Consumers are being robbed. Inflation is
stealing our purchasing power. Our dollars are
shrinking in value. The poor average consumer
is plundered, robbed and stepped on.

So the poor consumer tries to strike back.
First, he forms consumer groups. He lobbies
in Washington. He fights price increases. He
looks for value.

So we developed our new concept around
value. Our idea was to steal from the rich
companies and give to the poor consumer,
save our environment and maybe, if we're
lucky, make a buck.

A MODERN DAY ROBIN HOOD

To explain our concept, let’s take a typical
clock radio retailing for $39.95 at a major
retailer whose name we better not mention or
we’ll be sued. It costs the manufacturer $9.72
to make. The manufacturer sells the unit
to the retailer for $16.

THE UNCLE HENRY PROBLEM

Let’s say that retailer sells the clock radio
to your Uncle Henry. Uncle Henry brings it
home, turns it on and it doesn’t work. So
Uncle Henry trudges back to the store to
exchange his “lousy rotten” clock radio for a
new one that works (“lousy” and *‘rotten”
are Uncle Henry's words).

Now, the defective one goes right back to
the manufacturer along with all the other
clock radios that didn’t work. And if this
major retail chain sells 40,000 clock radios
with a 5% defective rate, that’s 2,000 “‘lousy
rotten” clock radios.

CONSUMERS PROTECTED ALREADY

Consumers are protected against ever seeing
these products again because even if the
manufacturer repairs them, he can’t recycle
them as new units. He’s got to put a label
on the product clearly stating that it is
repaired, not new, and if Uncle Henry had his
way the label would also say that the product
was “lousy” and ‘“rotten.”

It’s hard enough selling a new clock radio,
let alone one that is used. So the
manufacturer looks for somebody willing to
buy his bad product for a super fantastic
price. Like $10. But who wants a clock radio
that doesn’t work at any price!

NATIONAL Consumers Hero has been m
SALES possible by grants from the
GROUP JS&A National Sales Group.

ENTER CONSUMERS HERO

We approach the manufacturer and offer
to steal that $39.95 radio for $3 per unit.
Now think of it. The manufacturer has
already spent $9.72 to make it, would have to
spend another $5 in labor to fix and
repackage it, and still would have to mark the
unit as having been previously used. So he
would be better off selling it to us for $3,
taking a small loss and getting rid of his
defective merchandise.

Consumers Hero is now sitting with 2,000
“lousy rotten”’ clock radios in its warehouse.

Here comes the good part. We take that
clock radio, test it, check it and repair it.
Then we life test it, clean it up, replace
anything that makes the unit look used, put a
new label on it and presto—a $39.95 clock
radio and it only cost us $3 plus maybe $7 to
repair it.

Lot s e
Impossible-to-trace
* * Guarantee x

We guarantee that our stolen products

will look like brand new merchandise

without any trace of previous brand
identification or ownership.

We take more care in bringing that clock
radio to life than the original manufacturer
took to make it. We put it through more tests,
more fine tuning than any repair service
could afford. We get more out of that $10
heap of parts and labor than even the most
quality-conscious manufacturer. And we did
our bit for ecology by not wasting good
raw materials.

NOW THE BEST PART

We offer that product to the consumer for
$20—the same product that costs us $3 to
steal and $7 to make work. And we make $10
clear profit. But the poor consumer is giad we
made our profit because:

1) We provide a better product than the

original version.

2) The better product costs one half the

retail price.

3) We are nice people.

ade

A new consumer concept lets
buy stolen merchandise
if you’re willing to take a risk.

BUT THERE'S MORE
Because we are so proud of the mer-
chandise we refurbish, we offer a longer
warranty. Instead of 90 days (the original
warranty), we offer a five year warranty.

So that’s our concept. We recycle “lousy
rotten” garbage into super new products with
five year warranties. We steal from the rich
manufacturers and give to the poor consumer.
We work hard and make a glorious profit.

To make our concept work, we've
organized a private membership of quality
and price-conscious consumers and we send
bulletins to this membership about the
products available in our program.

Items range from micro-wave ovens and TV
sets to clock radios, digital watches, and
stereo sets. There are home appliances from
toasters to electric can openers. Discounts
generally range between 40 and 70 percent
off the retail price. Each product has a
considerably longer warranty than the original
one and a two week money-back trial period.
If you are not absolutely satisfied, for any
reason, return your purchase within two
weeks after receipt for a prompt refund.

Many items are in great abundance but
when we only have a few of something, we
select, at random, a very small number of
members for the mailing. A good example was
our $39.95 TV set (we had 62 of them) or a
$1 AM radio (we had 1257). In short, we try
to make it fair for everybody without
disappointing a member and returning a check.

EASY TO JOIN

To join our small membership group,
simply write your name, address and phone
number on a slip of paper and enclose a check
or money order for five dollars. Mail it to
Consumers Hero, Three JS&A Plaza, North-
brook, Illinois 60062, %Dept. RA.

You’ll receive a two year membership,
regular bulletins on the products we offer and
some surprises we would rather not mention
in this advertisement. But what if you never
buy from us and your two year membership
expires. Fine. Send us just your membership
card and we’ll fully refund your five dollars
plus send vou interest on your money.

If the consumer ever had a chance to strike
back, it's now. But act quickly. With all this
hot merchandise there’s sure to be something
for you. Join our group and start saving today.

© Consumers Hero, Inc., 1977
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Our CB antennas can improve your receptioh,too.

Sylvania antennas pullin a lot more than CB any type of antenna installation.
messages. They pull in customers who know Ask your Sylvania distributor about how you
value. And they pull in profits for dealers who can improve your reception. He'll give you the
know a good deal. message loud and clear.

With the Sylvania antenna line you have every- ; .
thing you need—from base station to base-loaded Were h€|plng you make It.
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31 Build A 2650 Microcomputer (Cover Story)
BglLL$H%gE Part I. NMOS processor on a singie PC board does
some nifty things. by Jeff Roloff

36 Experiments With IC Function Generator
Part I. Practical circuits you can build using
versatile XR-2206 iC. by R.M. Marston

39 Build Teleswitch For Your Phone
Add-on circuit turns on and off appliances when
you ring your telephone. by Jules Gilder

COMPUTERS 22 Kompuler Korner

How a microprocessor addresses an i/0 device.
by Peter Rony, David Larsen, and John Titus

26 Scelbi Book Report
8008/8080 programming manuais.

ON THE COVER

A 2650-based microcomputer
with impressive features. Built
on a single PC board, the
microcomputer contains RAM,
ROM, video and cassette inter-
face. Add a power supply,
keyboard and video monitor
for a complete working system.
Get started in the microcom-
puter revolution today. Con-
struction details starts on page
31 of this issue.

43  Phase-Lock-Loop Synthesizers
cmgf::g How they work in CB gear. by Robert F. Scott

28 Equipment Report
HI-FI
STEREO Heathkit AP-1640 power amplifier.

46 Dynamic Range Enhancement
Compression/Expansion for better hi-fi. by Len Feldman

49 R-E Lab Testis Yamaha CT-800
A tuner that rates exceilent. by Len Feldman

51 R-E Lab Tests Kenwood KR-7600
80-watt receiver. by Len Feidman

67 Multimeter Servicing
TELEVISION Tips on seiecting the right meter. by A.N.M. Kluijtmans
70 Instail A Tower
How to get your antenna to where the signal is.
by Jerry Schwartz
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High-voitage hoid down.

79 Clinic Questions
R-E's service editor soives technician problems.

4 Looking Ahead
ELE C(.";.EgEN'?(A:g Tgrono:%w‘se:ews today. by David Lachenbruch

58 IC Data Sheet-Reticon SAD-1024
How to use the Reticon analog delay.
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VERSATILE XR-2206 FUNCTION GENERATOR
is put through its paces in practical circuits you
can buiid. Story starts on page 36.

SELECTING THE RIGHT MULTIMETER for
servicing is important. Tips start on page 67.
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loohking ahead

VTR: It could be that RCA's reticence about going full-
speed-ahead on the videodisc has something to do with
the success of the home video-cassette recorder in the
United States. RCA insists—as it did in the days when it
was developing its own VTR—that videocassette and
videodisc are non-competitive. But RCA, along with
Zenith and Magnavox (all three are videodisc
proponents), all now concede that the success of
Sony’s Betamax so far in the United States has
prompted them to take a new look at the potential of
home VTR. Any American manufacturers that enter the
videocassette market are expected to buy decks from
Japan, at least initially, rather than introduce a new and
incompatible system to the already chaotic market.

How does this market stand today? Sony's Betamax
dominates it. It was there first, and it works well.
Demand is currently higher than supply, but Sony is
increasing its production capacity to 250,000 recorders
per year (to be divided between the Japanese and
North American markets). In the U.S., Quasar is
marketing the Great Time Machine—Matsushita’s VX-
2000—and Sanyo is selling V-Cord 11, developed by its
Japanese parent and Toshiba. Japan Victor Co.’s Video
Home System (VHS), which is being pushed as a stop-
Betamax machine, has now been embraced by giants
Hitachi, Sharp, Mitsubishi, and even Matsushita (parent
of both Quasar and Panasonic), which says it will make
both VHS and VX-2000. But Sanyo and Toshiba
indicate they'll probably go to Betamax if V-Cord 1l
doesn’t make it as a standard. To complicate the whole
matter, Betamax appears to be not one system but
two—the current Betamax, with one hour’s playing time
per cassette, and a new version which gets two hours
out of the same cassette. So there are now five home
VTR standards—Betamax | and presumably Betamax II,
VHS, VX-2000 and V-Cord Il. EIA-Japan is working
valiantly to establish a single *‘standard,” but with all
Japanese electronics manufacturers as its members, it's
faced with alienating more members than it pleases by
picking a standard. So, as usual, the public is the
guinea pig.

Videodisc update: As this column has frequently
warned, never make any plans on the videodisc. It's a
moving target, and continues to be. The latest move
toward a farther horizon is by RCA, whose president
Edgar Griffiths recently said that if RCA makes
videodiscs and players, they probably won't be
introduced into the market until iate 1978. And the if
depends on 3 factors: (1) Increasing the playing time
from the current 30 minutes per side. (2) Making
certain that the player is susceptible to cost reduction.
(3) Developing a program library that will create and
sustain demand for players and discs.

“Technical problems have been licked”, said
Griffiths. “We could introduce it now without any
trouble.” Playing time has been extended to 60 minutes
per side in the labs—meaning that a full two-hour
feature film could be recorded on a single disc. In the
price area, the goal is to introduce the player at $500
to $600, preferably $500, but to be prepared to cut the

price to $400 as production revs up. Griffiths’ statement
of RCA’s disc goals and conditions amounts to a one-
year postponement of the introduction date. The RCA
president correctly pointed out that the company
*never said”’ it would introduce in late 1977, but many
RCA officials had informally indicated that was the
target date.

Officials of North American Philips say that ‘'very
limited marketing” of its optical videodisc system, under
the brand name of its subsidiary Magnavox, is still
scheduled for late this year, but they decline to
estimate when the players and discs will be available
nationwide. They also refuse to comment on whether
they are working to increase the 30-minute playing time
of the disc or to develop a two-sided disc. Philips’ and
Magnavox’s stated target price is $500 for the player.

Worldwide pocket TV: Probably the first television set
that will work almost anywhere in the world, and
certainly the lightest-weight TV ever offered to the
public, is the two-inch Microvision developed by
Sinclair Radionics, a British calculator manufacturer, to
be offered here for $300. The black-and-white set
measures 6 by 4 by 1'; inches and can fit in a large
pocket, weighing only 26 ounces. It has three
continuous-tuned bands (varactor tuning)—low VHF,
high VHF and UHF, with a three-position standards
switch covering American, European and British
channels, and is designed to pick up stations all over
the world except in some Eastern European countries.
It can play four hours on four built-in AA NiCad
rechargeable batteries. Most of its circuitry is on five
bipolar IC’s.

The makers of CB’s: What percentage of the 40-
channel CB models sold in America are made in the
United States? You'd probably be surprised at the
answer, which comes out to about five percent. An
analysis of the first 297 40-channel CB radios approved
by the FCC, conducted by the industry newsletter
Television Digest, found that only 16 models offered
under six brand names were made in the U.S. The
remainder came almost entirely from factories owned
by Japanese companies—mostly in Japan, but some
apparently in Taiwan and Korea.

In terms of number of models, Cybernet of Japan is
the leading producer, accounting for 61 models sold
under 14 brands. Runner-up is Uniden, with 30 models
under nine brandnames, followed by Funai Electric,
making 13 models for nine marketers. On the basis of
the FCC's list of approved models (which includes
manufacturer as well as the brand name), the
manufacturers that are building CB radios in the U.S.
are E.F. Johnson (for itself and General Motors),
Emergency Beacon, Hallicrafters, Motorola, Pathcom
and Regency.

Emerson TV again: Old brand names never die—

they’re just sold. The pioneer Emerson brand is

appearing on a line of TV sets again, made in Korea.
continued on page 93



Fits in the hand. Weighs 13 oz.

28 Patterns. 13 Tests.

Easy, Accurate Adjustment of
Color and Black-and-White
Sets.

More Performance for the Price
than Any Other Small Size Unit.

One 9-V Battery Gives about 80
Hours of Continuous Use.

Purity

Ix3 Dots

10-Bar
Gated Rainbow

3-Bar Gated Rainbow
R-Y, B-Y -(R-Y)

rFPO-=dmC

Digital IC Logic Countdown
Chains.

Crystal-Controlled Master
Oscillator and Chroma
Subcarrier Oscillator for
Stability.

3 VHF and 2 UHF Channel Outputs.
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3x3 Crosshatch Ungated Rainbow
1

Single Dot Single Crosshatch
1
1

PORTABILITY - PERFORMANCE - PRICE

Adjustable Chroma and RF
Output.

External Access Battery
Compartment.

complete with
battery, cable assembly and
operator’'s manual ... $95.00

Carrying case,

catalog No. 00817 $7.50

PERFORMS THESE TESTS:
Purity (Whiteness)

Static Convergence

Gray Scale Tracking
Dynamic Convergence

. Overscan Adjustments
Horizontal Linearity
Vertical Linearity
Centering

Pincushion

Automatic Gain Control
Automatic Frequency/Phase
Control

. Color Sync Lock

. Color Kilter Adjustment
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KATY INDUSTRIES

853 Dundee Avenue, Elgin, Illinois 60120

(312) 697-2260 .« Cable: SIMELCO - Telex: 72-2422

IN CANADA: Bach-Simpson, Ltd., Ontario

IN ENGLAND: Bach-Simpson (U.K.} Limited, Wadebridge, Cornwall
IN INDIA: Ruttonsha-Simpson Private, Ltd., Vikhroli, Bombay
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new & timely

New semiconductor crystal may
have unique properties

A monolayer crystal, a material not
found in nature and never before pre-
pared in the laboratory, has been synthe-
sized by five Bell Labs scientists. The new
material was assembled atomic-layer by
atomic-layer by a crystal growing process
called MBE (Molecular Beam Epitaxy).

MBE is a method of crystal growing that
permits precise control over a crystal's
composition and dimensions. Several
atomic or molecular beams of controlled
intensities are aimed from a heated oven
at a base material (substrate). To maintain
a temperature at which'the atoms on the
surface of the base’ material are mobile
enough to form a smooth layer, the

substrate rests on a heated block. The
whole process is carried on in an ultra-
high vacuum.

MAKERS OF THE MONOLAYER CRYSTAL. Left
to right: Bell Labs scientists Albert Savage,
Raymond Dingle, William Wiegmann, Arthur C.
Gossard and Pierre M. Petroff study the devel-
opment of their new semiconductor.

To assemble the crystal with different
materials, shutters turn off the beam from
one oven or turn it on from another.

The scientists started with a base of
gallium arsenide—a semiconductor often
used in making LED's, etc. On this, they
laid down a one-atom-thick layer of
gallium atoms, followed by layers of
arsenic, aluminum, arsenic, then gallium
atoms. Because of the similarity of their
outer electron shells (equal valence),
these materials will bond together in a
single crystal much as if they were a
single material.

The sequence was repeated hundreds
of times to produce a crystal resembling a
thin, highly polished mirror. The electron
microscope shows the crystal to have an
alternating layered structure of atom-thin
sheets of gallium arsenide and aluminum
arsenide.

No immediate applications are in view
for the new material. (As was said of the
laser in its early days, it is the answer to a
problem that has not yet been found.)

Because the monolayer crystal has new
electronic and optical properties, it is
likely that—like the laser—uses will be
found for it.

Glass-fiber optical wavegquides
are now in practical use

Some 34,000 cable-TV viewers are now
watching programs brought to them on a
glass-fiber instead of a coaxial cable.
These space-age viewers are in the area
of Hastings, England. The pioneering
company that introduced the glass line is
Rediffusion, Ltd., a large concern that for
some years has served more than a
million subscribers on the more conven-
tional metal lines.

The optical cable, which has been in
use since March, 1976, is 1.427-kilom-
eters long and contains two strands of
hair-thin low-loss glass fiber, developed
by Corning Glass Works, of Corning, NY,
and inserted into the existing cable, with
proper terminations.

Magnetic bubble substrates
produced almost defect-free
Single-crystal gadolinium-gallium-gar-
net has been produced in almost defect-
free form, a Swiss gallium and phos-
phorous producer claims. The nonmag-
netic crystal material is used as a

substrate for magnetic bubble memories.

The producer, Alusuisse, states that
almost defect-free boules weighing up to
4 kilograms have been grown.

GADOLINIUM GALLIUM GARNET singie-crys-
tai boule and wafer.

The boule is drawn from a melt in an
iridium crucible, and corrosion of the
crucible ordinarily tends to cause iridium
inclusions in the boule. Alusuisse states

that controlling the temperature gradients
minimizes corrosion.

The full-grown boule is ground into
cylindrical shape, and wafers, as seen in
the photo, are cut from it.

New X-Y keyboard design to cut
costs in two

A new low-profile keyboard developed
by Texas Instruments promises to cut
costs to high-volume users to roughly half
present prices. Based on an X-Y matrix
technology, the new keyboards will sell for
4¢ per switch position in quantities of
100,00 pieces.

THE NEW LOW-COST X-Y KEYBOARD. Run-
ning under the centers of the discs are “Y”
wires. Each of the six other (X) wires is
connected to one row of discs. A section of the
lower row is lifted to show the wires.

Intended for TI's 1200 and 1250 calcula-
tors, the new keyboard is now being
offered to designers for a multitude of
non-calculator applications—credit-card
verifiers, telephone-data handling equip-
ment, electronic games and other
products with digital control.

Key to the low cost is the elimination of
individually assembled switches as well as
an arrangement of wire interconnectors
which avoids the need for high-cost
circuit boards. Instead of individual snap-
acting switches, Tl has developed a tech-
nique for manufacturing the disc switches
in strips. Each switch in the strip functions
independently. The carrying frame also
functions as an electrical circuit element
so that switches in any row (the X direc-
tion) are electrically common. Individual
wires laid under each switch column form
the Y direction circuit element. The X
wires are located between switch columns
and are connected to the disc strips. In
this way, all circuit elements emerge at the
top of the keyboard, automatically forming

continued on page 12




Get yourselfthe big one!

1757 illustrated pages of

detailed audio reference for

the working technician. .. the
student ... the hi-fi buff!

Here’s a comprehensive volume espe-

cially designed for the man or woman

who has an understanding of electronics
and an interest in audio technology.

The Audio Cyclopedia is the most author-
itative reference book ever published on
this subject. It includes every phase of audio
technology—plus the latest information on
solid-state and integrated circuits.

25 informative chapters...
convenient format so you find what
you’re looking for... quickly... easily!

Each of the big, information-filled chapters
covers in depth one of the major areas of audio
electronics. You’ll find anything you could
want to know about everything—amplifiers,
acoustics, meters, transformers, coils, transis-
tors, diodes, filters . . . plus much, much more!

All information is presented in easy-to-
understand,question-and-answer format. For
‘“instant find,” there’s a unique index and refer-
ence system so the
information you
need is always at
your fingertips.
Send for this com-

plete reference
library today

Complete your reference -
library with this Modern
Dictionary of ELECTRONICS!
This handy volume is a convenient
way for you to keep abreast of all

the latest happenings in the ever 2 T S --.1 a " a\ for 00
changing field of electronics. e - - s ,, , jus $34
Modern Dictionary of Electronics ELECTRONICS v \"-— /
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Learn to service Communications /CB
equipment at home...with

NRI'S COMPLETE

COMMUNICATIONS COURSE

Learn design, installation and maintenance of
commercial, amateur, or CB communications
equipment.

The field of communications is bursting out all
over. In Citizens Band alone, class D licenses
grew from 1 to over 2.6 million in 1975, and the
FCC projects about 15 million CB’ers in the U.S.
by 1979. That means a lot of service and
maintenance jobs . . . and NRI can train you at
home to fill one of those openings. NRI's
Complete Communications Course covers all
types of two-way
radio equipment
(including CB),
AM and FM

Transmission and Reception,
Television Broadcasting,
Microwave Systems,
Radar Principles,
Marine Electronics
Mobile Communica -
tions, and Aircraft Electronics. .
The course will also qualify you for

a First Class Radio Telephone Commercial FCC
License or you get your tuition back.

Learn on your own 400-channel digitally-
synthesized VHF transceiver.

You will learn to service all types of communi-
cation equipment, with the one unit that is
designed mechanically and electronically to train
you for CB, Commercial and Amateur communi
cations: a digitally-synthesized 400-channel VHF
transceiver and AC power supply. This 2-meter
unit gives you ‘‘Power-On’’ training. Then we
help you get your FCC Amateur License with

special instruction so you can go on the air.

The complete course includes 48 lessons, 9
special reference texts, and 10 training kits.
Included are: your own electronics Discovery Lab,
Antenna Applications Lab, CMOS Frequency
Counter, and an Optical Transmission System
You'll learn at home, progressing at your own
speed, to your FCC license and into the
communications field of your choice.

NEW CB SPECIALIST
COURSE NOW OFFERED

NRI now offers a special course in CB Servicing.
You get 37 lessons, 8 reference texts, your own
CB Transceiver, AC power supply and multi-
meter . . . for hands-on training. Also included
are 14 coaching units to make it easy to get
your commercial radio telephone FCC license
enabling you to test, install, and service com
munications equipment.




NRI offers you five TV/Audio
Servicing Courses

NRI can train you at home to service TV
equipment and audio systems. You can
choose from 5
courses, starting
with a 48-lesson
basic course, up
to a Master Color
TV/Audio Course,
complete with
designed-for-
learning 25" diago-
nal solid state color TV and a 4-speaker SQ™
Quadraphonic Audio System. NRI gives you
both TV and Audio servicing for hundreds of
dollars less than the two courses as offered by
another home study school.

All courses are available with low down payment
and convenient monthly payments. All courses
provide professional tools and *‘Power-On”
equipment along with NRI kits engineered for
training. With the Master Course, for instance, you
build your own 5’ wide-band triggered sweep solid
state oscilloscope, digital color TV pattern
generator, CMOS digital frequency counter, and
NRI electronics Discovery Lab. *Trademark of CBS Inc.

NRI’s complete computer electronics course
gives you real digital training. ;

Digital electronics is the career area of the future . . . and the
best way to learn is with NRI's Complete Computer Elec-
tronics Course. NRI's programmable digital computer goes
far beyond any *‘logic trainer’ in preparing you to
become a computer or digital technician. With the IC's
in its new Memory Kit, you get the only home training
in machine language programming . . . experience
essential to trouble shooting digital computers. And
the NRI programmable computer is just one of ten
kits you receive, including a TVOM and NRI's
exclusive electronics lab. It's the quickest and best

way to learn digital logic and computer operation.

You pay less for NRI training and you get more
for your money.

NRI employs no salesmen, pays no commissions. salesman will call. Do it today and get started on
We pass the savings on to you in reduced tuitions that new career.
and extras in the way of professional equipment,
ing i PPROVED UNDER Gl BILL

testlng ","Struments’ etc: ,You =atl pay eI, bUt if taken for c?ve: ;?urvpisesUChecE box on !ard for details
you can’t get better training.
More than one million students have enrolled NHI

. . NRI SCHOOLS
w't'h NRI in 62 years. . W, 1, .l McGraw-Hill Continuing Education Center
Mail the insert card and discover for yourself why e-“}. wg&yxgt%%ngné\%r&;g
NRI is the recognized leader in home training. No 3} . o
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an integral leadframe. The supporting
board is a sheet of engineering grade
structural thermoplastic.

Personal-computer fair at National
Computer Conference

The National Computer Conference at
Dallas, TX, June 13-16, stamping ground
of the giants of the computer industry, will
recognize individual computer owner-
users with a Personal-Computing Pro-
gram and Fair this year. Special space
will be provided for exhibits of non-
commercial personally or group-owned
small computing hardware and software
implementations, games and recreation,
music and art, amateur radio, scientific,
miscellaneous and general applications of
the personal computer.

A one-page description of any proposed
entry will be the basis for the preliminary
selection of exhibits. The description must
be cleanly typed, double-spaced on one
side of the paper, with the entrant's or
group’s name, address and telephone
number on the page. Deadline for the Fair
Entry description is March 15, 1977. One
hundred entries will be selected and the
entrants notified before April 15, 1977.

The fair entry to be on display will
usually be a working system. If the project
does not lend itseif to a working system
(for example, certain types of computer
art that may take weeks to produce), the
display is to be viewer-oriented with illus-
trations that show the methods used and
convey the end purpose and product of
the project.

Prizes will be awarded in eight catego-
ries: Hardware and Software Implementa-
tion; Games and Recreation; Music, Art
and Sensitive Sciences; Amateur Radio;
Scientific Applications; Business Applica-
tions; General Applications; and special
awards of the Judges.

For information, contact: Harold Mauch,
Personal Computing Chairman, PerCom
Data Co., 4021 Windsor, Garland, TX
75042 (Phone 214-276-1968).

Lenchitz, Walker and Skinner
receive Hugo Gernsback awards
The Hugo Gernsback Memorial Award
carries on a practice initiated by Hugo
Gernsback himself—encouraging radio
and electronic students through monetary
grants. Every year, an outstanding student
in each of eight leading electronics home-
study schools receives a check for $150,
to help pay for the training. These
students are selected by the schools
through essays in which the students tell
why they decided to study electronics,
what they have obtained through study
and what they intend to do in the future. In
recent years, through the generosity of

test instrument manufacturers, awards
have been made to the students who
place second and third.

This month's outstanding student is
Harry Lenchitz, Somerville, MA, who is
two-thirds through a course with Cleve-
land Institute of Electronics and is
currently employed as an engineering
assistant at MIT. He writes, in effect:

“My home study course has helped me
in two ways. It has given me the necessary
background in electronics, as well as the
personal habits necessary to carry out my
duties as a technician in a large research
facility. Through the programmed course
material, | have acquired a firm technical
foundation in electronics. This enables me
to troubleshoot and repair complex instru-
mentation and control systems.

“More important, home study has devel-
oped my personal responsibility and initia-
tive. Without class schedules to meet, or
instructors to depend on, | developed my
own study schedule and learned to use
reference materials more effectively. The
results have carried over directly into my
job. | have accepted more responsibility
for maintaining research equipment. My
scheduling and methods are entirely my
own, and my co-workers and superiors
know | can be depended on to complete
my job.”

The runner-up receives a B & K Digital
Multimeter from the manufacturer. He is
Allen Walker, Staples, MN. He is 22 years
old and is employed by Pako Corp. He
writes:

“Can a person learn to his utmost ability
and gain something else, besides the
subject matter, from his efforts? Home
study gives me this opportunity. In the
classroom, there is a constant struggle to
keep to the class pace. When it is too fast,
your comprehension suffers. If too slow, it
dulls your interest and enthusiasm, and
again your learning suffers. But in home
study one sets one's own pace, chal-
lenges oneself, and keeps one’s learning
capacity at its maximum.

“That something else is self-discipline
and self-stimulation. A correspondence
student gains organizational, goal-setting
and problem-solving abilities that will be
invaluable to him in life.”

Third-place James Skinner, who obtains
a Special Service Multimeter from VIZ, is
57 years old and graduated from the CIE
Master Course. He says:

“The CIE home study course was a
great challenge to me. When | started, |
knew very little about electronics, but with
the aid of their books and instructors |
became a graduate from CIE and passed
my FCC Elements. | received my Radio
Telephone Operator license—First Class,
and have worked part time in radio and
television stations.”

-
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You'll be surprised: Everything about the new
Realistic Optimus® T-100 was designed with the
discriminating music lover in mind. Tower
design puts the speakers at perfect height,
without special mounting or stands. Two active
8" acoustic suspension woofers and a 3"
tweeter deliver sound so natural you can feel
as well as hear its richness. Unlike many |
large high-performance speaker systems,
the T-100 is efficient enough to be driven by
almost any hi-fi equipment without pushing
the amplifier, yet has the capacity to take
75-watt program peaks. The 3-ft. high,
walnut veneer enclosure is finished on all
sides to simplify ptacement and add fine
furniture elegance. Sold only by Radio
Shack. Ask for 40-2025 and find out

what “towering sound”

sounds like -—gtoday! 139?2:‘

“ Retail price may vary at individuat stores and dealers

/ Smart styling that’s practical, too
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Grille removes for easy Battom-mounted terminals —
speaker balance adjustment  speaker cable remains out of sight

—r

SOLD ONLY WHERE YOU SEE THIS SIGN:

Radio fhaek

A TANDY CORPORATION COMPANY ¢ FORT WORTH, TEXAS 76107
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New Slim-Body
scope probes

from
B&K-PRECISION

...cost effective

and
really rugged!

B&K-PRECISION's new line of 10:1
direct scope probes is designed to be
compatible with most scopes
available, up to 50MHz.

All are rated at 500Vp-p
B&K-PRECISION slim-

body probes range in

price from $25-$35.

Entire probe body
molded of rugged
plastic—fully
insulated

Clip-on
replaceable
ground lead

Model o]

Spring-
loaded
retractable
tip cover

Window clearly
indicates direct

or 10:1 position;
pull-apart switch
design prevents
accidental position
switching.

Slim-body
design with steel
inner structure

Compensation
capacitor adjustment

Tough, flexible
cable strain retief

Rand Mateh

PR30 | UHF
PR31 BNC
PR34 | UHF
PR35 | BNC
PR36 | BNC

10MHz | 15-120pF
10MHz | 15-120pF
15MHz | 10-35pF
15MHz | 10-35pF
50MHz | 10-35pF

Available forimmediate delivery
at your local distributor. Write
for a free copy of the latest
B&K-PRECISION catalog.
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o1 PRECISION

DYNASCAN
CORPORATION

6460 West Cortland Avenue
Chicago, Hinois 60635 e 312/889-9087
In Canada: Atlas Electronics, Ontario
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COUNTDOWN TIMER ON 50 HZ

Having read your two-part article on a
digital countdown timer, I'm interested in
knowing if it is feasible for 50-Hz opera-
tion.
JEAN-PIERRE FRANKENHUIS
Paris, France

Conversion to 50-Hz operation is sim-
ple. Figure 1-a shows the pertinent circui-
try for 60-Hz operation and Fig. 1-b shows
modifications for 50-Hz. Change IC17

s )
1— " 1 12
1016 1c17
7490 |6 7492

7 =+ 58 2
e &  RESET ¢ LlC3-a
2
15 cls .
1 S n 14 210
116 117
7490 |8 8 7490
2 = = Jn e
1c14 RESET 1c3s
) IC1-e
Fig. 1

from a 7492 to a 7490. Connect pin 2 of
IC17 to the reset line, ground pin 6 and
connect pin 11 to IC1-a and IC3-a as
shown. Do not make a connection to pin
8.

On the circuit board layout, remove the
connections from IC17 pin 3 to pin 10 and
from pin 3 to ground. Do not change the
power connections.—George R. Baum-
gras

A NEW FORCE ANSWERED

I would like to answer a question
involving the letter from John W. Ecklin,
entitled "A New Force’ (Letters Column,
October 1976 issue.) | am sure the effect
described has been observed by a
number of people, myself included.

The general rule involved states that a
material with a high permeability (such as
iron) will move in such a way as to allow
the greatest amount of magnetic field to
flow within it. (It is similar to electricity
seeking the lowest resistance path.) This
is based on Lenz' Law and the tendency
of systems to seek the lowest energy
state.

One way iron can obey this law is to
turn so that the magnetic lines-of-force
fiow through the entire length of the iron.
If the iron is prevented from doing this
(such as by the three loops of thread), it
will then move to an area with a denser
magnetic tield—in this case closer to the
wire. Of course, either the iron or the wire
could move, and | saw a dramatic example
of this on a piece of equipment | worked
on several years ago. There was some
power wiring lying rather loosely in a steel

cabinet that occasionally would be sub-
jected to a surge of over 100 amperes,
alternating current. Every time this hap-
pened, the wire slapped down against the
steel cabinet walls loud enough to be
heard across the workshop.

Another example you can try yourseif.
Substitute a length flexible copper wire for
the tip on a soldering gun. Trigger the gun
briefly (to avoid burning up the wire) and
no matter which way the AC flows, the
wire will pull towards an iron bar or
sheet.

PETER LEFFERTS
Electro-Audio Research Labs
San Martin, CA

IC BREADBOARD

| built a modified version of the IC
Breadboard (February 1975 issue). A
photo of the layout is enclosed. The
power module consists of 4 separate
power supplies—two positive and nega-
tive, zero- to 24-volt, power supplies. One
5-volt supply powers the test strips and
the other powers all circuitry below the
test board. The power module is equipped
with a switch-controlied AC outlet and a
relay that controls all voltage outputs to
give the board a total on/off condition.

The breadboard module features: re-
mote power clips (plus V, 5V, gnd, neg V),
an on/off switch controlling 12 logic-
status indicators with associated tran-
sistor circuitry below the board. Two of
the indicators also power small miniature

(continued on page !6)




ANNOUNCING THREE
NEW BREAKTHROUGHS
IN SOLDERLESS
BREADEOARDING.

Whether you design or build circuits
for fun or for profit, you owe it to
yourself to discover how fast and
easy CSC solderless treadboarding
can be. Now, more than ever. Be-
cause of three new breakthroughs
in breadboard design. And our new
EXPERIMENTOR™ sockets**that
make the most of them.

4. Price whosays a quality bread-

board has to be expensive? For as
little as $9.95, CSC's EXPERIMEN-
TOR sockets let you design, as-
semble and modify circuits as fast
as you can push in—or pull out—
comiponent leads. On a rugged
one-piece socket with 550 solder-
less tie-points (94 five-point termi-
nals and two 40-point bus strips).

Sockets lock together, snap apart to
handle any size circuit with ease.

Butdon't let the low price fool
you: EXPERIMENTOR sockets are
precision-molded of durable, abra-
sion-resistant material, and feature
CSC's non-corrosive, prestressed
nickel-silver contacts for positive
connections and longer life. All
contacts are identified. too .. .with
molded-in designations for easier
circuit assembly and diagramming.

2. Compatibility csc
EXPERIMENTOR sockets end the
“big-chip blues.’ They're the only
ones with full fan-out capabilities for
microprocessors and other larger
DIP's, as well as 4-16-pin units. EX-

PERIMENTOR 600's 6/10" center

is ideal for microprocessor’s, clock
chips. RAM's, ROM's, PROM's, etc.
While EXPERIMENTOR 300's small-
er 3/10" center is perfect for smaller
DIP’s. Both units, of course accept
transistors, LED's, resistors, capaci-
tors, pot's —virtually all types of com-
ponents with plug-in ease. As well
as #22-30 solid hook-up wire for
interconnections. Eliminating heat
and lead damage to expensive com-
ponents. And saving you more
money. on parts.

Mix or match both models; arrange
them vertically or horizontally.

3. Flexibility with CSC EX-
PERIMENTOR sockets, you can
arrange your breadboard 10 suit
your circuit. ..instead of vice versa.
An exclusive snap-together inter-

CIRCLE 25 ON FREE INFORMATION CARD

'ocking system lets you instantly
connect them. Vertically or hori-
zonta'ly. So you can mix or match
3/10 and 6/10" centers....expand-
ing or contracting to meet your
requirements.

CSC EXPERIMENTOR sockets
can be used alone, or mounted on
any convenient flat surface. thanks
to molded-in mounting holes and
vinyl insulation backing that pre-
vents shorts. You can mount them
with 4-40 flat-head screws from the
front. or 6-32 self-tapping screws,
from the rear. But however you use
them. EXPERIMENTOR sockets are
an unbeatable way to build and test
twice the projects in halt the time.

O —1==1 =EXPER|MENTOW‘

r === — M T C
= J
E'—ﬂImlIII||||||||||||IIII|||||||||

Both models feature 94 five-point
terminals (vertical lines) and two
48-point bus strips (one strip shown).

WHY WAIT? CSC EXPERIMEN-

TOR sockets are available now from
your CSC dealer. or by phone from
CSC. at $9.95* for the 300 and
$10.95* for the 600. Call 203-624-
3103 (East Coast) or 415-421-8872
(West Coast) —major credit cards
are accepted.

“Manufacturer s suggested list price
Prices subject to change without notice
U S Pat No D235 554

CONTINENTAL SPECIALTIES CORPORATION

=5 —

44 Kendall Street. Box 1942. New Haven, Ct 06509
203-624-3103/TWX 710-465-1227

West Coast otfice Box 7809, San Francisco, CA 94119

415-421-8872/TWX 910-372-7992

4261 ddv
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MORE
FUNCTION

GENERATOR
FOR YOUR

The Hickok Model
270 Function Generator
gives you a lot more waveform
generating capability than you'd
expect for its price.

s Puts stable, calibrated, high
quality sine, square and
triangle waveforms from 1 Hz
to 500 kHz at your fingertips.

s With external connections
you can produce logic
pulses, sweeps and ramps,
AM and FM outputs, phase
and frequency shift keying
signals, tone bursts and more.

& |ts an audio generator and
much more.

Before you buy another function
generator, check out the Hickok
Model 270. Ask your Hickok
distributor for full details or
write us for our 4-page
technical brochure.

$22500
HICKOK

the value innovator

INSTRUMENTATION & CONTROLS DIVISION
THE HICKOK ELECTRICAL INSTRUMENT CO.
10514 Dupont Avenue » Cleveland, Ohio 44108
(216) 541-8060 . TWX:810-421-8286
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LETTERS
continued from page 14

speakers that click on any logic tran-
sitions which quickly prove that the ear is
quicker than the eye. Two frequency
sources with LED outputs are located on
the right end of the horizontal bar. The
generator consists of a scaled-down 10-
MHz crystal source through transistor
coupling for blow-out protection. One
outlet provides 10 steps from 5 Hz to 10
MHz and the other from 0.5 Hz to 5 Hz.
Continuing clockwise is the power supply
jack plug, great for battery operation
through the remote power clips, and on
the bottom right a five-digit frequency
counter. The jack for the frequency
counter is a transistor socket, and two
inputs are used—one for slow signals and
the other for tfast signals.

The horizontal logic indicators were
necessary since | preferred to work on a
well lit bench and LED’s were useless in
the light. Construction below the board
was limited to anything that would work
on only 5 volts and be no thicker than one
IC.

Future construction plans include a 2-,
4-, or 8-channel scope multiplexer, and
two jacks (one for the multiplexing and
one for normal single-channel testing).

The frame of the breadboard is con-
structed from aluminum stock obtained
trom a furniture store, and the base pilate
is covered with contact paper to provide
insulation in the event a jumper wire
becomes unhooked.

MARVIN KONOPIK

U.S. Liaison Office

Peking

Peoples Republic of China

PS. In case you wondered whether
Peking would become the mecca for elec-
tronic parts—not in 1977. The sales
market consists of a few dozen resistors
and capacitors of which none are ever in
decimal sizes (10K, 1pF, etc.). Resistors
are cigar sized, pots are baseball size,
diodes are unmarked and unbanded,
switches either don't work or are missing
poles, and batteries clearly marked ‘leak
proof’ are dripping on the shelf and are
definitely for sale. Radios and TV's are
cheap (to spread the word) and radios are
sold with their backs removed and the
insides on display to the customer. Happi-
ness is making do with 2 resistors only in
series instead of one, and buying the last
zip cord on the market since last summer.
| did make a rare purchase of some 100-
ohm resistors that a factory inadvertently
sent to the store, so | have hope on
tinding something ciose to 10K before |
depart.

NESDA-ILLINOIS CONVENTION

| thought that your readers might be
interested in knowing that the National
Electronic Service Dealers Association llli-
nois, Inc., will hold its Annua! Convention
on May 14 and 15 at the Ramada Inn in
Bloomington, IL. The agenda includes
such activities as technical and business
management seminars, election of new
officers, CET tests, auction (bring your
“useless” equipment and ‘“white ele-
phants’ to sell), prizes and entertainment.

The Hospitality Room will be hosted by the
Bloomington-Norman Electronic Techni-
cians Association. The Profitable Service
Management (PSM) seminar will be con-
ducted by an experienced instructor—Mr.
Jack Hopson, CET.

The cost of the PSM seminar only,
including lunch, is $25. Registration for
the convention only, including all meals
and Saturday evening banquet, is $26.
The convention and seminar is $46. For
more information write: Convention Chair-
man, William Fey, 217 E. Front, Blooming-
ton, IL or George Sopocko, 5631 W. Irvine
Park Rd., Chicago, IL. Or call the NESDA-
Ninois office at 312-545-3622.

GEORGE SOPOCKO
NESDA-lllinois President
Chicago, IL

ROAD RALLY CLOCK

The article on the Digital Car Clock
(January 1977 issue) was excelient. How-
ever, there was one small problem. Road
rallies are timed by decimal minutes (hun-
dredths of minutes) instead of seconds.
This allows for greater resolution and
timing accuracy. If someone could design
a clock with a hundredths readout instead
of seconds, rallyists everywhere would be
grateful. For that matter, a railly computer
kit or construction article would be
welcomed with open arms. (I'd buy one
without hesitation.)
ORAN SANDS
Indianapolis, IN

COMPUTER HEATHKIT USERS
GROUP

The Computer Heathkit Users Group is
being formed tor the exchange of informa-
tion on the use of Heath Co. products by
computer hobbyists. For more intformation
write: CHUG, 267 Willow St. "R", New
Haven, CT 06511.
CHARLES FLOTO

New Haven, CT R-E

Powerful satellite transmitter
broadcasts educational programs

Students at Stanford University in Cali-
tornia and Carleton University in Ottawa,
Canada, are attending each other’s engi-
neering courses by way of a satellite
stationed over the equator at 116 degrees
west longitude.

The satellite, called Hermes and op-
erated by the Canadian Department of
Communications research laboratory in
Ottawa, is equipped with a 200-watt trans-
mitter—the most powerful yet carried by a
communications satellite. It operates on
frequencies between 11 and 14 GHz,
much higher than any used by earlier
communications satellites. It is expected
that the higher frequencies will make it
possible to use smaller and less expensive
antennas at the transmitting and receiving
earth stations.

Besides transmitting educational broad-
casts, satellite Hermes is being used by
U.S. and Canadian researchers on al-
ternate days in nearly 40 projects. It is
used to establish communications be-
tween hospitals, medical libraries, widely
separated French-speaking and Indian
communities, and to communicate with
other groups in remote parts of the
Dominion of Canada.
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There's an electronic kit that's
exciting NEW HEATHKIT CATALOG.

Here are just a few of the things YOU can build!

IVQW STEREO KITS

L & & @

G heEHEEE

HHOE® wrryer

Top-performing receivers, amplifiers and

tuners including a new ‘“budget-priced"

receiver, amplifier and tuner, a digital

readout stereo receiver, the world-fa-

mous Modulus™, the deluxe AA-1640

“Super Amp’' and lots more. All with the
| reliable performance, guaranteed speci-
fications and superb sound that have
made Heathkit hi-fi a favorite of serious
audiophiles everywhere.

I A complete line of

\Y

SPEAKER SYSTEMS

full-fidelity speak-
er systems for any
budget or listen-
ing need. Every-
thing from compact
bookshelf models
to full-size floor
models like the ex-
citing new AS-1348
— great sound and
great kit savings!

NQW AIRCRAFT CLOCK /TIMER

Gives you the reli-
ability, conven-
ience and versa-
tility you WANT
for precise flight
timing at substan-
tial savings. Dual
4-digit displays—one
showing 24-hour GMT
or ZULU time and the

function you prese-
lect; local time, 24-
minute timer, 24-
hour trip timer, or
a special alarm
timer ideal for
fuel manage-
ment. The OL-
1154 fits a
standard 3%"”
instrument
panel for
easy mount-
ing in most
any air-
craft.

e,
New S50

| INeW/ LEARN-AT-HOME COURSES

Now you can learn electronics at home
in your spare time at your own pace
whether you're a beginner or an ad-
vanced student. Each course includes
text material, records and parts for use
in "“hands-on” experiments. Courses are
available in AC and DC electronics,
Semiconductor Devices and Digital Tech-
niques plus two NEW courses: Elec-
tronic Circuits and a course which
prepares you for the amateur radio

other performing a |

Novice License exam.

New HOME PRODUCT KITS

BAT ST

Heath has prod-
ucts to make your
home a healthier
and safer place.
Security systems, a unique freezer
alarm, lamp dimmers and electronic air
cleaners, and a TOTALLY NEW energy
and money-saving home furnace heating

-
E
ot

by =

control that can save you 5-10% on
your heating bill.

New Heatkit Catalog describ-
ing nearly 400 superb elec-
tronic kits that you can build
yourself for pride, satisfaction
and SAVINGS.

CIRCLE 100 ON FREE INFORMATION CARD




just right for you in this

Discover why thousands of
people just like you enjoy
handcrafting their own elec-
tronic equipment with exciting
Heathkit products.

Building our kits is so easy and
so much fun that most people
enjoy the building just as much
as they do using the product!
There's the pride of accomplish-
ment, the satisfaction of making
something with your own two
hands and the knowledge that
you've “mastered” a sophisti-
cated piece of electronic equip-
ment. And every Heathkit product
is designed for easy buildability.
Our world famous step-by-step
assembly manuals leave nothing
to chance — they even teach you
to solder properly. And every kit
product we sell is backed by our
“We won't let you fail” pledge.
Find out about the exciting elec-
tronic products you can build.
Send for your FREE catalog!

ny TEST EQUIPMENT

If you'’re an
electronic
hobbyist, ex-
perimenter or
technician,
Heath has the
equipment to
help you do
the job right.
The latest audio service equipment in-
cluding THD and IMD analyzers and an
exclusive audio load, color TV service
instruments including a hand-held color
alignment generator and a universal CRT
tester/rejuvenator, function generators
including a new swept-function model — |
plus meters, power supplies and oscillo-
scopes to outfit ANY test or hobby bench. |

Send for your
FREE copy today!

Return card or coupon for your FREE

INew; ruu 10 own Kits

Some Heathkit
products are just
plain fun to own
and use. An ex-
citing TV game

that lets you play hockey, tennis or hand-
ball in full colo-, a unique programmable
door bell that announces visitors with
your favorite tune. A programmable
stopwatch

digital that times just
about any-
thing with 1/
100th second
precision,
treasure find-
er/metal lo-
cators for beach-time fun, marine elec-
tronics, and lots more. There's a com-
plete line of digital electronic clocks and
weather instruments including the pop-
ular digital floor and r
shelf clocks. There's
also a convenient mount-
anywhere touch-control
light switch.

»

v

HEATH

Heathkit catalog today. It has complete de-

scriptions and photos of some of the most
exciting electronic products you can find
anywhere, all in easy-to-build, money-saving
kit form. Plus low discount prices on fully-
assembled Johnson, Royce and Midland CB

radios.

Heath Company, Dept. 20-28

Name _ -
Address _ —
City

GX-329

Benton Harbor, Michigan 49022

CIRCLE 100 ON FREE INFORMATION CARD

Heath Company, Dept. 20-28

(I 11 I TTE  Benton Harbor, Michigan 49022

Please send me my FREE Heathkii Catalog.
I am not on your mailing list.

The first and only Programmable Com-
puterized Color TV System: The GR-2001.
Its optional programming panel lets you
preselect an entire evening's viewing,
then just relax as the GR-2001 changes
channels automatically at the proper
time. You can even program it to rotate
your outdoor antenna system automati-
cally. A real breakthrough in TV conven-
ience.

AMATEUR RADIO KITS

The HW-2036 is the best 2-meter rig
we've ever offered — true digital fre-
quency synthesis for complete operating
versatility, built-in tone encoder and per-
formance of expensive models at a much
lower price. It's a great way to start your
amateur radio hobby!

L-----

State

Zip
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RUNTPUTER kURNER

PETER RONY, DAVID LARSEN,
and JOHN TITUS*

CONTAINED WITHIN THE 78-INSTRUCTION SET OF
the 8080 microprocessor IC is the 16-bit OUT
instruction. The OUT instruction comprises
two successive 8-bit bytes. and can be written
in binary notation as 11010011,
XXXXXXXX,. The OUT instruction can
also be written in 8-bit octal code such as
323, YYY,. or in 8-bit hexadecimal code.
such as D3,, ZZ,,. A discussion of how one
converts 8-bit binary code into either octal or
hexadecimal code can be found in Reference
o

In the above notations, XXXXXXXX,
represents an 8-bit byte that can range in
value from 00000000, to 11111111, YYY,
represents a three-digit octal code that can
range from 000 to 377,: and ZZ,, represents
a two-digit hexadecimal code that can range
from 00,, to FF,. A quick calculation will
demonstrate that {11ILI11. 377, and FF,,
all represent the same 8-bit binary word.

* Dr. Rony, Department of Chemical Engineer-
ing, and Mr. Larsen, Department of Chemistry,
are with the Virginia Polytechnic Institute &
State University, Blacksburg, Virginia. Mr. Titus
is president of Tychon, inc., Blacksburg, Virgin-
ia.

The choice of a coding system is up to you.
Binary code is awkward to write and difficult

A7 D
A6 ¢
A-5 B
A A
0—{62
51
SN74154 ND 15
c
8
——a
U 0—|62
51
— SN74154 NG 14
— 256
— H DIFFERENT
— H DEVICE
— —1A SELECT
— o—|sz PULSES
— 4]
= SNIATEA D 13
1
L]
L]
L]
¢
8
A
0—{62

SN74T54 NO 0 °

FIG. 1

to remember. Octal code is used in the
popular Digital Equipment Corporation PDP
8 and PDP |l minicomputer software and is
easy to remember. Hexadecimal code is more
natural for an 8-bit binary word and is
popular among microprocessor manufac-
turers. Note well that the way you write the
code on paper will not affect the way the
microcomputer will execute a program. Both
octal and hexadecimal code must be
converted back to binary code that is stored
in successive 8-bit memory locations. The
code conversion can be done in several ways,
by hand or by a computer program.

The second 8-bit byte. XXXXXXXX,. in
the 16-bit OUT instruction is the device code
for the output device. A total of 256,
different devices can be addressed with such
a code. How this is done is shown in full
detail in Fig. 1. a device decoding circuit of
seventeen SN74154 IC’s. Since this is a rather
complicated circuit. let us first discuss the
simpler decoding circuit of Fig. 2.

The SN74154 integrated circuit is a 4-line-
to-16-line decoder that allows you to input
any 4-bit binary word ranging from 0000, to
1111, and 1o select any single output among

Be aSuperTech...
Get RCA's new Module Kit

for the 1977 “XtendedLife"
chassis series.

/P




sixteen different output channels labeled 0 to
15». Gl and G2 are the strobe or gating
inputs to this chip. When these inputs are
both at logic 0. the SN74154 IC is enabled
and the output channel that corresponds to

45V GND
s |2
A3 280 s
memoRy | a-2-2l¢ —
S T =
Px] — | SIXTEEN
a-0-2)a — | DiFFERENT
— >nevucs
— [ seLecT
SNTAIS4— | o4y ses.
0362 E 500 ns
worour =g of—)
500 ns 1
FIG. 2

the binary input at pins 20 to 23 is at logic 0.
When either Gl or G2 is at logic 1. the
SN74154 IC is disabled—inoperative—and all
sixteen output channels are at logic ! irre-
spective of the binary input at pins 20 to
23.

The basic trick that the 8080 microcom-
puter employs is to enable the SN74154 chip
for a very short period of time. 500 ns to be
exact. This is done with the aid of a negative
clock pulse at G1. This negative clock_pulse.
called IN or OUT in Reference 1 or I/O R
or 1/0 W in the Intel Corporation litera-
ture-, is generated by the microprocessor chip
with_the aid of some additional circuitry. IN
and I/O R refer to the 16-bit IN instruction:
OUT and T/O W refer 10 the 16-bit QOUT

BV GND
12V 5v
LN O I (11
13—[worLo o MEMORY
14 —]iNT AND 1/0
12 —]RESET 10 ADIRESS
23 —{READY A-15 BUS
WR L8
15 INTE [—16
Lo, HLDA [ — 21
TWO-PHASE WAIT [—24
cLocK DBIN [—
’Lz"ol 0-0700-7 sYynNC 19
8080

881T BIDIRECTIONAL
OATA BUS

FIG. 3

instruction that we are discussing in this
column. During this 500-ns period of time.
the device code appears on the memory
address bus and can be used as inputs o the
SN74154 chip to select a desired output
channel.

The memory address bus is a group of 16
output pins on the 40-pin 8080 integrated
circuit chip (Fig. 3). A bus can be defined
as:
bus—A path over which digital informa-

tion is transferred from any of
several sources to any of several
destinations. Only one transfer of
information can take place at any
one time. While such transfer is
taking place, all other sources that
are tied to the bus must be disa-
bled.

The important point here is that two types

of information can appear on the 16-bit
memory address bus: either the [6-bit
memory address for a memory location
addressed by the 8080 microprocessor chip.
or the 8-bit device code in the second 8-bit
byte of an IN or OUT microprocessor
instruction, but not both at the same time.
The IN or OUT microprocessor instruction
requires 5 ps for execution, and the device
code appears only during the last 1.5 ps of
this time. When the device code appears on
the memory address bus, the bus is subdi-
vided into two 8-bit bytes. each byte
containing the address code. Thus. you have
your choice of bits A-0 through A-7 or A-8
through A-15 for the device code.

This 8-bit device code is connected directly
1o one or a group of SN74L154 IC's. as is
shown in Figs. 1 and 2. In Fig. 2. only four of
the eight bits are used. whereas in Fig. 1. ali

out 500 ns
A]w— — —d L_-
As-—— L.
L A-5-—— --
-]
1
g A—4-——-I LI
Q
<
> A3-—— -
o
2
¥ A-2—-— --
A-l— = - -
A —— 15 1 _.
FIG. 4

Be prepared to make service calls faster than a speeding
bullet. The new RCA 199045 Module Kit, available for a
limited time at a special introductory price, contains 8
modules for quick and easy servicing of the new 1977
color TV sets. This new kit, plus your ColorTrak and XL-
100 Module Kits, lets you fix most RCA sets right in the
customer's home. You'll save time, make more service

calls per day, and earn more profit.

Be an RCA SuperTech — carry these 3 RCA Module Kits

information.

participating

_ fora special
Introductory

See your

@Dis’cri butor

offer!

latest design improvements. And don't forget the RCA
Module Caddy — makes it easy to carry all three kits on
home service calls.

See your authorized RCA Parts Distributor, or contact
RCA Distributor and Special Products Division, 2000
Clements Bridge Road, Deptfcrd, NJ 08096, for additional

Distributor and
Special Products Division

and meet almost all RCA color-module needs. All 3 kits
contain RCA replacement modules which include the
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eight bits are decoded into 256, different
output or input device-select pulses. Each
output device is addressed uniquely by the
OUT function pulse and a corresponding 8-
bit device code. The same is true for each
input device. only the IN function pulse is
employed instead of the OUT function pulse
at the gating input Gl to the SN74154 IC.
Each device select pulse lasts for only 500 ns.
the time that the SN74154 IC is gated.

Figure 4 is a set of timing diagrams that
summarizes the external consequences of the
16-bit OUT instruction:

1. An 8-bit device code appears on
the memory address bus, in this
case the code for device
11010001, or 3214, for a period
of 1.5 ps.

2. During this 1.5 us, an OUT func-
tion pulse is generated for a
period of 500 ns as a device-
select pulse.

3. These nine output lines (A-0 to
OUT) are used as inputs to the
seventeen SN74154 IC's shown
in Fig. 1. This circuit generates a
500-ns negative device-select
pulse for device 321, All the
remaining 255,, outputs from the
decoders remain at logic 1
during this time.

This device-select pulse can be used 1o turn
on the solid-state relay shown in the circuit in
last month’s column. The program that is
analogous to one given previously. is

simply:

International’s
6024B 40 Channel
CB Frequency Meter

e Secondary Frequency Standard

® Signal Generator
e Power Meter

The 6024B provides three test in-

struments in one convenient case for

professional servicing on all makes
of Citizens Radio transceivers.

1. Secondary Frequency Standard,
26.965 to 27.405 MHz, and 27.235
to 27.405 MHz. Counter circuit
Zero to 2500 Hz.

. Signal Generator 26.965 to 27.405
MHz.

. Dummy Load/Power Meter, up to

' $425.

C k with ti ca-
Cat. No. 035311

N

w

bie, dummy ioan, rechargeable
battery and charger.

International Crystals n
are available from
70 KHz to 160 MHz.

Write for information.

ICM

M/S Dept. P.O. Box 32497
Oklahoma City. Okla. 73132

INTERNATIONAL CRYSTAL MFG. CO., INC.
10 North Lee / Oklahoma City, Okla. 73102

CIRCLE 35 ON FREE INFORMATION CARD

Octal
Memory instruc-
address tion Description
0 323 Send device-select
pulse to device given
by the following 8-bit
device code
1 321  Device code for clear
input to SN7474 flip-
flop
2 166  Halt the microcom-
puter
Summary

We have discussed the interfacing tech-
nique called accumulator 1/0. which is also
known as isolated I/0 in the Intel Corpora-
tion literature.” A much more exciting inter-
facing technique is memory 1/0, which is also
known as memory mapped 1/0." in which an
1/0 device appears to the microcomputer
CPU as a simple memory location. Without
question, memory /O will be the most
popular interfacing technique among all the
different microprocessor families. One im-
portant advantage of this technique is the
considerable number of ICs that have
already been designed for memory 1/0
applications. Included among such chips are
the 8255 programmable peripheral interface,
the 8251 universal synchronous/asynchro-
nous receiver/transmitter (USART). the
MC6820 peripheral interface adapter. and
the XC6850 asynchronous communications
interface adapter. We shall discuss this
alternative 1/O technique in a future
column. R-E

Reterences:

1. Bugbook Illl. Microcomputer Interfacing Ex-
periments Using the Mark 80 Microcomputer,
an 8080 System, E&L Instruments, Inc.,
Derby, CT, 1975.

2. Intel 8080 Microcomputer Systems User's
Manual, intel Corporation, Santa Clara, CA,
1975.

Japan moves toward fiber optics
for national two-way cable TV
system

An experimental interactive (two-way)
CATV network that could eventually pro-
vide every household in Japan with
services ranging from request entertain-
ment to police and fire protection began
test operation on November 15.

The field trial is taking place in Higashi
lkoma, a model city near Osaka. The
Higashi |koma optical video information
system gives the project its name, Hi-
OVIS. The field trial will supply information
that can be used to extend the system to-
the entire country.

The project was begun in 1972, At that
time, no problems were seen in the way of
an interactive system using a variety of
computer-controlled communications
units, but during development the limita-
tions of a coaxial-cable system emerged.
The bulk, cost and relatively narrow trans-
mission area per cross-section of cable
were obstructions to the geographical
scope, multichannel requirements and
future flexibility of the net.

The possibilities of optical lines, at that
time thought to be ten years from practical
use, were considered, and the services of
Arthur D. Little, a research organization
that was independently expioring the
near-term future of optical technology,




were engaged. The American-based or-
ganization reported that optical-fiber tech-
nology had not only progressed far
enough to be utilized, but was ideally
suited to the combination of analog and
digital signals and varying bandwidths of
the communications media in the HI-OVIS
project.

Besides the usual television screen, the
home-centered system will have a key-
board that may be used for a number of
purposes. These will include request TV
programs; request data (supplied in stili-
picture form and providing various types
of specialized information, including
news), facsimile; computer-assisted in-
struction, for both children and aduits;
cashless transactions, such as payment of
utility bills; TV shopping and reserva-
tions.

TV retransmission and independent
broadcasts will be available. These would
include re-runs of current CATV pro-
grams, plus such special items as stock
market broadcasts, not included in the
regular CATV programs. In addition, FM
broadcast and request FM transmissions
can be supplied.

The system will include a protection
service. Detectors will be installed in each
home to detect intrusions, heat, smoke,
etc.,, and respond to the appropriate
agency.

After the Higashi lkoma field trial the
Japanese government plans to extend the
system to the series of small cities—of no
more than 100,000 residents—being es-
tablished around crowded population
centers, such as the Tokyo-Osaka corri-
dor. The new system will play an important
part in this “String of Pearls’ concept by
linking the cities with mainstream pro-
gramming, while also serving communal
and regional needs. The “‘wired cities' will
give people a wider and more comfortable
choice of homesites without cultural isola-
tion.

Metric system being accepted by
67 percent of manufacturers

A gradual switch toward the metric
system for dimension of products is taking
place in electronic manufacturing, reports
the Distributor Products Division of the
Electronic Industries Association
(DPD,EIA). Out of 106 manufacturers
replying to a recent EIA survey, more than
half had established a formal policy for
conversion, and some 67 percent are now
making some items to metric dimen-
sions.

There are some obstacles in the way of
speedy conversion, most notable of them
being cost and psychological difficulties.
One manufacturer reported that he was
making items to metric measurements
“when he had to,"” and another reported
converting English measurements to met-
ric. But at least one is using metric
measurements as fundamental and con-
verting to English for domestic buyers.
(That way the queer fractions appear in
the inch and foot, rather than the meter
and centimeter measurements.)

The electronics technicians who will
work with the new dimensions, and who
already find it easier to say “100 K* than
100 thousand’ will probably have no
difficulties.

MEET
ouR family
of grabbers

2]

MODEL 4233 MICRO GRABBER
Tests high density packaging

>

MODEL 3925 MINI GRABBER
Tests conventional packaging

MODEL 4011 THREADED GRABBER
Accepts 6-32 threaded leads

MODELS 3780 - 3789 GRABBER LEADS
10 choices of connectors other end

Our Grabber family is five years old now, and
we're adding new members to keep pace with
the complexities of state-of-the-art electronic
packaging. Grabber is our name for a series of
test clips designed to simplify testing of elec-
tronic packages from conventional components to
maximum density DIP's. They re rugged, depend-
able, versatile, and very easy to use. Write for our
catalog and get the complete story on the whole
family of Grabbers. Find out why they are your
best solution to your electronic testing problems.

AVAILABLE THROUGH YOUR MODEL 4225 MAXI GRABBER
FAVORITE ELECTRONIC Tests high rise packaging
PARTS DISTRIBUTOR

All Grabbers shown actual size

ITT POMONA ELECTRONICS

1500 East Ninth St., Pomona. Calif. 91766
Telephone (714) 623-3463, TWX: 910-581-3822
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¥ PUT THE “'IGNITION OF THE FUTURE”
ON YOUR CAR TODAY!

MODERNIZE and Bring Your Car “UP-TO-DATE"

with the MOST EFFICIENT Ignition ever invented!

3¢ End "“Tune-Up” Problems FOREVER
caused by Points and Condensor

ALLISON XR-700

with the Exclusive...Solid-State Voltage Regulator.
The ONLY Ignition System that has COMPLETELY overcome
the Problems that have batfled the Auto Industry for Years!

SO RELIABLE (93.9+%)...S0 PERFECTED...

that it will soon be STANDARD on most Future new Cars!

ALLISON Rated #1 by Official Testing Laboratory

as the BEST “'Fuel Saving" Ignition System
of ALL the Different Ignition Systems Tested!

€ The “XR-700" is a COMPLETELY NEW ignition System
ploying the Most Ad d Technology, that repl the

inefficient Points and Condensor with an infrared Light Beam
to Trigger the Latest type of Solid-State Powpr Components.
Once installed. . .”’XR-700" has NO moving Parts to wear out
or adjust. It works without Friction or wear. Not affected by
Oirt, 0il, Moisture, Vibration or extreme Engine Temperatures!
RUGGEO and RELIABLE!

€ The ““XR-700" is engineered to OUTLAST YOUR CAR!

¥ The “XR-700" produces the MAXIMUM “High Energy””
Long Ouration Spark. . _from your present car’s Ignition Coil
This permits the Positive Firing of Spark Piugs, even under the
most Adverse conditions. Also, Eliminates “Engine Misfire,’
resulting in more COMPLE TE COMBUSTION! Thus you get
IMPROVEO Fuel Mileage, a HIG HE R Performance Level
keeps Plugs FROM FOULING and gives LONGER Plug Life!

Customers Report:
Y “IT MORE THAN PAYS FOR ITSELF!

W INCREASES Gas Mileage up to 30%!
SAVES Money on Costly “Tune-Ups'!
W Gives Continuous PEAK Performance!
W QUICKER Starting in Any Weather!
Smoother Running...Faster Acceleration!
% Plugs Last Up to 4-Times LONGER!""
¥ Reliability PROVEN in Millions of Customer Mies to be so
exceptionally G 000. . .that every ""XR-700" has a LIFE TIME
WARRANTY! FREE Repair or Replacement for as long as
you OWN the Unit!, . .and even if you CHANGE Cars, Allison

will supply you the necessary PARTS to fit ANY Point-Type
Oistributor. . .FREE! (Include $2 for Postage & Handling).

H FITS ALL CARS, Oomestic & Foreign. 4, 6 o M:ylindev.]

% DO-IT-YOURSELF. .. EASY INSTALLATION!

The New “XR-700" Is Completely Factory A

Thoroughly TESTEO! New Precision *“Orop-in** Mounting
Bracket, with color-coded. ‘‘Snap-T * wire

No Distributor Removal necessary Protected against  tncorrect Hook-up'

@ Thousands sold at $59.95 @ ONLY

NOW! Allison's Production $ 95
Technology offers you the

same Premium Quality XR-700
at this SPECIAL LOW Price... icEmeE‘,E,T,E,,

THAT'S EVERYTHING .. INCLUDING POSTAGE & INSURANCE

% OROERWITH CONFIOENCE. ..
install the **XR-700", and prove to your own SATISFACTION
that it is as advertised, or return it within 30 days for a FULL
Refund of the Purchase Price

¥ SAVE! OROER FACTORY OIRECT
Send Check or M,0., State Car Make, Year, No, Cylinders

M MASTER CHARGE or BANKAMERICARO Card Holders:
OROER by TOLL-FREE PHONE. (800) 423-6525, Ext. 2
or Send us (1) Your Number, (2) Interbank No., (3} Exp. Oate.

SEND for FREE BROCHURE
and Comparison Sheet.
“CB” USERS: The "XR-700" completely ELIMINATES
the Major Cause of Primary (lgnition Noise) Interference.
# If you have already installed a “Capacitive Oischarge’ ignition

# Convert your "C-0" Unit to BREAKERLESS!
INCREASE ITS EFFICIENCY with “XR-CO™. . .only $29.95

3 America's Oldest and Largest Manutacturer
of Opto-Electronic Ignition Systems. ©

ALLISON nuromonve co.

1267 - RA, East EDNA PL., COVINA, CAL. 91722
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Scelbi Computer 8008/
8080 Programming
Manuals
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MICROCOMPUTER FANS HAVE AN INSATIABLE
appetite for program listings and program-
ming manuals. There is not enough good
instructive material around. Engineering
computer texts are usually away over the
head of most hobbyists. Microcomputer data
sheets and manuals familiarize you with a
specific device and cannot be expected to
give much in the way of programming tech-
nique.

The four Scelbi books that are the subject
of this review contain a rare mixture of useful
programs and substantial illustration of tech-
nique. If you use them as texts and study
them without skipping. you will be much
more confident when you approach vour
next programming task. Minimizing memory
was a secondary concern of the writers: the
first was the ease of following the logic.

While the four books are written for 8008-
and 8080-based microcomputers, [ highly
recommend them for owners of any type
computer. If you want to run the programs
on your machine they can be converted,
which although a fairly tedious job. is much
easier than starting from scratch. It is an
unbeatable educational experience to boot.

And | practice what | preach since I have
taken the floating point arithmetic package
from Machine Language Programming for the
8008 and Similar Microcomputers and con-
verted it to run on the JOLT microcomputer
that uses the MOS Technology 6502 uP. The
manageable game programs presented in
Scelbi’s First Book of Computer Games for the
8008/8080 is an ideal place to start such a try
at translating from one instruction set to
another because of their uncomplicated
fundamental structure.

Now to the books themselves. Machine
Language Programming for the 8008 und
Similar Microcomputers starts out at the most
basic level of any of the texts and proceeds
through a sophisticated program develop-
ment. The manual begins with a description
of the instruction set of the 8008 and talks
about flow charts and hand assembly tech-
niques. It covers 2's complement number
representation and methods of converting
between octal and decimal base number
systems. Moving on, the manual demon-
strates common programming problems by
listing and explaining fully table search and
sorting routines. Mathematical operations
follow and more importantly the floating
point package | mentioned earlier. The float-
ing-point package uses four memory bytes (8-
bit words) to store each number. Three words
are used for the 23-bit mantissa plus 1-bit
sign, and one word for the exponent and its
sign. The data input, output. multiplication,

addition, subtraction and division routines
are explained in detail but in down to earth
language.

Listed below is the terminal printout of my
converted floating-point package. The first
line beginning with the asterisk is the JOLT
monitor printout following the initial carriage
returh. Next the program counter is set to
0100 using the colon alter command.

* 7052 30 2A FF 01 FF

.. 0100

.G 12 X 12 = +0.1440000E + 03
144 / 12 = +0.1200000E + 02
123456E10 + 876543E10 =
+0.1000001E + 17

99999.9 — 11111.1 = + 0.8888883E + 05
1E6 x 222 = +0.2220001E + 08
1E7 / 10 = + 0.1000000E + 07

1E9 / 1E4 = + 0.1000000E + 14

10 — = +0.1000000E + 02

10 -1 = +0.9000000E + 01

12E30 x 20E-2 = + 0.2400009E + 31

Following the command prompting dot on
the third line is the G or go command that
starts program execution. The input data
routine accepts numbers in integer. fixed
point, and scientific notation. E stands for
exponent and signifies that the succeeding
digits are powers of ten. IE4is | X 10~* or
0.0001. Output is always in the normalized
form +0. E + . Seventh place inaccura-
cies are caused by accumulated conversion
errors and can be eliminated by a little more
work.

As with all four books a complete assem-
bled listing for the 8008 is given. The other
three have dual listings fdr both the 8008 and
8080. Published in a large 84 X 1l-inch
format, the 200-page edition is priced at
$19.95.

Scelbi’s First Book of Computer Games for
the 8008/8080 includes complete descrip-
tions and program listings for Space Capture,
Hexpawn and Hangman.

Space Capture uses an eight by eight space
checkerboard in which you must capture an
alien ship by surrounding it with PHASOR
hits. The initial program message describes
the game perfectly:

“"SPACESHIP CAPTURE. YOU
HAVE 15 PHASOR SHOTS WITH
WHICH TO DESTROY MY TRAVEL
SECTORS. IF ALL MY ADJACENT
SECTORS ARE DESTROYED | AM
CAPTURED. IF YOU HIT ME OR
RUN OUT OF PHASOR ENERGY,
THEN YOU LOSE!"

Messages are stored one character per
word in a contiguous block of memory.
Messages are separated by blank characters.
You can shorten the statements to conserve
memory or alter them to your own taste.

Hexpawn is a simplified chess game that
uses a 9-square board with three pawns on




cach side. The game is won by getting one of
your pawns to the opposite side of the board
or destroying all the computer’s men.

Hexpawn is very instructive in technique
because the computer learns as it plays. At
the start of the first game the computer is
literally empty-headed and loses easily. But
every time the machine makes a mistake and
loses it remembers the error by blanking out
the move in a memory table. The next time
the same situation is encountered the
computer will not repeat the mistake. It
reaches the point where you can no longer
win-—the best chance you have is forcing a
draw.

Moves are printed out with three octal
digits representing either side’s board posi
tions. Memory storage requirements are five
256-word pages and can be reduced to under
four pages by shortening text messages.

Hangman is the familiar word game of the
same name. One of a series of words stored in
memory is randomly selected by the comput-
er. The game offers tremendous language
learning possibilities. By starting with the
simpler words of a language you are studying
and then gradually increasing the difficulty
of the vocabulary you learn while enjoving
yourself.

An 8-bit word-buffer holds the word
selected from the list. The guess-buffer is
initially filled with hyphens which are
replaced with letiers from the word buffer as
matches occur between the word buffer and
the guessed letter. A program loop sequen:
ually tests the characters in the word bufler
for a match.

The printout below shows how Hangman

looks on the terminal. Scelbi’s computer
game book sells for $14.95.

WANT A NEW WORD? Y
GUESS A LETTER: A
NOPE! H
GUESS A LETTER E
GOOD. YOU HAVE:
GUESS A LETTER ¢}
GOOD. YOU HAVE:
GUESS A LETTER N
NOPE! HA——

GUESS A LETTER: P
GOOD. YOU HAVE:
GUESS A LETTER
NOPE! HAN——
GUESS A LETTER:
GOOD. YOU HAVE:
GUESS A LETTER:
GOOD. YOU HAVE:
GUESS A LETTER:
GOOD. YOU HAVE:
GUESS A LETTER
GOOD. YOU HAVE:
GUESS A LETTER: U
GOOD. YOU HAVE:
CONGRATULATIONS!
WANT A NEW WORD? N
GOODBYE!
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The next book is entirely devoted to a
single fascinating game. Scelbis Galaxy
Game for the 8008/8080 works with 64 sectors
in space each having a matrix of 64
quadrants. You can give commands that give
short and long term scans. fire torpedos and

phasors. and navigate your ship. Every move
you make consumes energy and energy
conservation is crucial. Then there is the
additional consideration of protecting your-
self with energy shields. Firing at enemy
ships and missing causes immediate retalia-
tion. Space refueling stations are scattered
through space. but don’t collide with one or
hit one with a weapon or you are apt to run
out of fuel.

Each time the game is started the space
objects are distributed randomly in the
sectors. Random numbers are generated by
executing a sequence of arithmetic operations
at high speed while waiting for the operator’s
response 10 the initial message. Even
conscious effort of a knowing player has no
influence on the random number.

Fourth and most complicated is the text
titled SCELBAL--A Higher Level Language
Sfor 8008/8080 Systems. SCELBAL (SCien-
tific ELementary BAsic Language) is a form
of the popular Basic computative language
useful for scientific and general problem
solving. The 400 8': x Il-inch pages of
SCELBAL will reveal many of the mysteries
of computer art to the devoted reader. The
text simplifies the program by looking at the
overall plan with the help of flow charts and
then expands each of the main chart
blocks.

SCELBAL requires 8K of memory and
includes a close facsimile of the floating-
point package in the first book as an essential
component. Although SCELBAL does not
include extended features such as trigono-
metric and logarithmic functions. after a
study of the book and some research in

33KV

BUILT-IN SPEAKERS
Easy audio checking

40 KV METER

50aU sensitivity monitoring

FRONT CONNECTORS

Convenient cable plug-in

$258-98-VAtUE
SPECIAL INTRODUCTORY OFFER

$229.95

COMPLETE WITH CRT

RIG DOES IT ALL!

Tube and Solid State

OBSOLETE PROOF

Plug in modules for up-dating

ele afic

2849 FULTON ST., BROOKLYN, NY 11207 |
PHONE: (212) 827-1500 |
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| NAME

|
| ADDRESS

THE UNIVERSAL

PJS-298

33KVLEADED GLASS19”CRT

EIA recommended to protect against
dangerous X-radiation

A MUST FOR

TODAY'’S
SERVICING

ACCESSORIES INCLUDE:

® CRT 90° Extension
® Yoke Extension

@ Universal Yoke

® Convergence Assembly
o Transverter ® Blue Lateral Assembly
e Convergence Load ® Anode Extension

SOLD THROUGH DISTRIBUTORS ONLY

2261 YAV
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WHY
USE

THE ATC-10

GENERAL
TELEVISION

SERVICER?

Patents Pending
covering 13 unique features.

Because for an investment of
$299.95, the ATC-10 provides
most of the combined features of
a conventional color bar pattern
generator, an Analyst and a sub-
stitute tuner. You get time saving
bonus features, too, like the RED
RASTER, 3.58 MONITOR, GRAY
QUAD, and multi-purpose
HATCHDOTS patterns.

Al Flynn, proprietor of Al Flynn
Radio TV Repair Service, Ingle-
wood, California says . . .
“Versatility makes the ATC-10
generator a money maker. The
ATC-10 is what TV repairmen have
needed for ten years.”

Write for more information on
the ATC-10 General Television
Servicer, or try it at our risk.

— 30 DAY SHOP TRIAL —

(If not 100% satisfied in every
way, return for instant retund in full.)

American
Technology
Corporation

225 Main Street, Dept. 4C,
Canon City, CO 81212.

For your convenience, we accept
Master Charge, BankAmericard
and COD phone orders.
Same day shipment!

(303) 275-8991
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representing functions as truncated series, the
reader should be able 10 add his own func-
tions (with additional memory). No doubt
periodic updates or reader submissions in this
vein will be published later on.

SCELBAL has three basic modes of oper-
ation. Most significant is stored program
operation where line numbers are typed at
the beginning of each line. These are stored
for later execution using the RUN command.
The second mode is direct execution. If line
numbers do not precede the statements they
will be executed immediately after the
carriage return. In this mode the program
operates something like a calculator.

Third is the command mode. SCELBAL

detects four commands. Entering LIST trig-
gers a printout of your program. SAVE and
LOAD store and reload programs stored on
paper tape. magnetic tape cassettes. or any
external storage device. SCR clears the
program buffer and variable storage memory
areas in preparation for a new program.
User programs can contain 26 variables
but more can be handled with the extended
array capability. 8K of memory leaves about
1250 words for higher level program storage.
The SCELBAL manual is priced at $49.95.
All four publications are available from
Scelbi  Computer Consulting. Inc.. 1322
Rear—Boston Post Road. Milford. CT
06460. R-E

Heathkit AA-1640
Power Amplifier
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IF YOU ARE DIGITALLY DEXTEROUS. DETER-
mined. dauntless. patient. possessed of
intellectual curiosity and like to accept
challenges. here is THE project for
you—the Heathkit model AA-1640. a
200-watts per channel stereo power-
amplifier.

If you like the feeling that there’s a
worthy reward at the end of a demand-
ing project. the AA-1640 will more than
satisfy it. In fact. you're likely to feel
that you actually did little to earn such a
large reward for your efforts and time.

My “journey™ with the AA-1640 was
not a smooth one. While I worked with
great care and patience. it was still
possible to commit “boo-boos.” While |
found the instruction manual complete
in terms of installation details. [ found it
confusing in a number of spots. While
Heath comes on strong with a pledge
that it will be a “silent partner™ in vour
project. its implementation of that
partnership leaves a bit to be desired.

Construction

My rotal investment of time was 70
hours—a lot to spend on a single project.
But it was done pleasurably. over a
period of two months. in working
sessions of one to two and a half hours.
The latter is the maximum [ would
recommend: going beyond that can put
a strain on your concentration capabili-
ties and could easily result in mistakes.
In fact. the company advises you to
“proceed at a leisurely pace ... to
avoid getting tired from working too
long at one time.” Actually. | found
myself wanting to go beyond a twao and
a half hour maximum: this. I hear. is
called “kit fever"—a driving impulse

that keeps vou going bevond reasonable
limits.

Were 1 to build another AA-1640. 1
could lower the time figure by about 15
hours. I'm certain an experienced kit
builder could put the unit together in 50
to 60 hours at the outset. I found myself
spending a lot of time rechecking parts
numbers and hardware sizes because of
an overly cautious nature. To show you
the amount of parts/hardware involved.
it required over three hours to initially
check them against the packing lists.

One of the first things that impressed
me about the AA-1640 amplifier was
the way it was packed. It came in three
boxes. One contained the meters and
related circuit boards. Another con-
tained a single item—the power trans-
former. a 25-pound “monster.” The
third contained the rest of the kit. Split-
ting the kit enabled Heath to ship via
United Parcel. a company noted for
handling electronic products with care.
Packing the kit in three boxes also
substantially reduced the chances of
internal damage. as for example. the
power transformer loosening from its
moorings and slamming into a lighter.
more vulnerable part of the kit.

The second thing that impressed me
was the sense of security I had after
reading a note from Bob Ellerton. Tech-
nical Consultant. “vour personal consul-
tant during the assembly and checkout
of your kit . . . we're partners in the
project.” While I'd built two other elec-
tronic kits several years ago—an inte-
grated amplifier and a stereo tape
recorder—I still had a certain amount of
stage fright. The note dispelled it. (My
personal consultants actually were
members of the Heathkit Electronic
Center staff in Manhattan.)

Being a cautious type. I decided to
“ground” myself before starting by
perusing the construction manual.
Again | was impressed. this time by the
manual’s thoroughness. Much of it is
well thought out.

My first sense of reward came at the
end of less than two hours of working
time. which consisted of checking out
one of several parts lists and wiring the
test meter—a device indispensable for
putting this kit together. The meter did




what it was supposed to during its
checkout.

My second came an hour and a half
later. on completion of the input
amplifier circuit board. 1 was relieved to
find that rewiring (and reheating) a
miswired transistor had not affected its
capabilities.

My third came two and a half hours
later on completion of the power-supply
circuit board. the largest so far. At this
point I felt that I would have few prob-
lems completing the set. with no real
complications as long as | steadfastly
observed each nitty-gritty detail as
outlined.

My first apparent trouble occurred
some eight working hours later at the
end of wiring the first of two output-
amplifier circuit boards. The meter did
not respond as it should have at one
check point (page 50 of the manual)—it
barely moved. Following instructions. |
rechecked the entire board for solder
connections, shorts. etc. Finding none. |
then continued following instructions
and replaced a capacitor. I got the same
miniscule meter reading. nowhere near
as broad as indicated in the manual. |
was stumped and decided to wire the
second board and see what happened
when | checked it out. for comparison
and as a kind of double check. 1 also
figured that if I had trouble with it. I
would take both boards to my Heathkit

consultant for help.

On completing the second amplifier
circuit board. and comparing it part for
part. placement for placement with the
first. I ran the same checks. As with the
first board I got correct meter readings
at all but one check point—the same
one. This suggested there might be an
error in the manual. the instructions. or
what have you. | headed for midtown
Manhattan with the manual for help
from the Heathkit center.

There | was told that while the
manual reading showed a span of one-
fifth of the meter scale. that the minis-
cule reading | had obtained was. indeed.
desirable and that I had no problem.
Relief! However. 1 left feeling a bit
miffed that the manual did not spell out
the fact that a virtual no-reading
reading was OK.

A major disappointment occurred
some 26 working hours later when |
conducted the input amplifier tests
(page 110 of the manual). Nothing.
Zero. . . . Thinking the tuner/preamp
combination was at fault. I checked it
out. It worked. On rehooking the units
and starting a recheck. I blew a fuse. |
attributed this to having accidentally
shorted the tips of a pair of bare blue
wires that extended from the innards of
the kit. That stopped me cold. At this
point I decidec to stop by the kit center
for advice. There I was told that I had

probably blown two diodes as a result of
my inadvertent short and was given free
replacements plus a new fuse.

Wiring them in and turning on the
set. | heard a momentary buzz and saw
a puff of smoke. It was one of the
replacement diodes. This suggested |
take the amplifier in to Heath for a
look-see and additional assistance.

After explaining the matter at the
Heathkit center. | was told that I had
probably shorted a relay that caused the
diode to blow. In the process of asking
for further explanation and what |
might do next to correct the problem. |
was informed that others were waiting
for their questions to be answered and
that there were phone calls lined up for
the technician to answer. Rather than
risk trying to comprehend a hurried.
impatient explanation of what then
seemed lo be a complicated matter in
such a hectic. pushy atmosphere. | opted
to leave the unit for repair. | was told it
would be ready in two weeks.

It was ready in exactly one month. |
was informed that the delay was caused
by a total remodelling of the Heathkit
center and employee vacations. My
invoice read “Fuse blown by defective
DI101.102 (diodes). defect caused by
left-channel circuit-breaker wires not
being connected. Protection board now
works. Initial tests all OK. now ready

continued on page 92

Treat yourself to a new direct reading DVM today.

DVM35

POCKET PORTABLE
ANALOG REPLACEMENT

3-digit, 1% DCV,
Battery or AC
Only $134

A COMPLETE LINE OF DVMs TO FILL YOUR EVERY NEED OR WANT.

Want more information? We
would like to tell you all about
the Sencore DVMs by sending
you a 24-page Sencore News,
a six-page brochure, and the
name of your nearest Sen-
core Distributor today . ..
simply write or circle
reader’s service number.

3200 Sencore Drive, Sioux Falls, SD 57107

You can be sure more times in more circuits, under
more adverse conditions, with greater versatility,
accuracy, and meter protection than any other
digital multimeters on the market today; and for
less money too. 10 Day Free Trial: Try any of
these famous DVMs for 10 days. If the DVMs in
use don’t prove exactly what we say, return them
to your Sencore FLPD Distributor.

SENCORE

DVM36

LAB ACCURATE
POCKET PORTABLE

3. digit, .5% DCV,
Battery or AC

Only $158

DVM32

BENCH & FIELD MASTER

Battery or AC
Only $198
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3V; digit, .5% DCV,

“PRIME” STANDARD
AT YOUR FINGERTIPS

3% digit, .1% DCV,
Auto-Ranging
Only $348
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C&S MARKETING ASSOCIATES

You will never need crystals again with
the Bearcat 101 Scanner
BEARCAT 101 SPECIFICATIONS

| FREQUENCY RANGE
LOW BAND 30- 50mHz
HIGH BAND 148-174mHz
= UHF BAND 450-470mHz
“T" BAND 470-512mHz
ak HAM BAND 146-148mHz
MAXIMUM USABLE
FREQUENCY RANGE

All of the above plus UHF fre-
quencies from 416 1o 450mHz

SIZE O"Wx 3% Hx7%"D
WEIGHT 6 lbs 4 oz

POWER REQUIREMENTS M7 vac. 30 w

AUDIO QUTPUT 3W RMS

ANTENNA Telescoping (supplied)

SENSITIVITY 6uvtor20do s nratioon L and H
Bands U Bands shghtly less

SELECTIVITY Befter than —60db @ 25kc

SCAN RATE 20 channels per second

JACKS External antenna and speake!

FRONT PANEL FEATURES » Squelch Control
+ Volume Off On Control
- Combined Man Scan

ISTP
S G0 HE A3 Channrel Select Switches

$349.95 - Light Emitting Diode Channel
Indicators
OUR PRICE = Channel Lock-Out Program
$309.95 Swilches

» Program Ready Swilch
- Program Enter Swilch

TEXAS INSTRUMENTS

BEARGAT
HAND-HELD

SUGGESTED RETAIL PRICE
$129.00 WITHOUT CRYSTALS

OUR PRICE
$129.00 WITH CRYSTALS OF
YOUR CHOICE

SPECIFICATIONS

AW xOSI0Tx ) 12D
12 00
Power Requirements: 6\ de (4 pendight hatteries)
S0 N kel Cadmimm batteries)
6k enternal power
Audio Output: 038 mavmmm
Antenna: | elescopmg antenng awl wire antenna (both ~apphicd)
Viptional eubber antenng can alse be el
Sensitivity: Ot microsolt for 20 08 qawting typacal
Channel-: Up o bonstal controlled s hannels as be o anned
antomatically oe wlected mdiiduably or any

comlanatiom
Fow band 30 50 M, total spread 8 M/
High band E50.173 M/ torad spread 10 M2

Frequency Range:

Scan Rate. Approvanatels 8 channels per wrond

Crystals: Minatuee plogan tpe A 1335 for easy user mstallation

Accessories supplied:  Telescaping antenna for both bands. covenwent wire
antenna

Panel Features: Squelch contral/ A vlume on-olf controlCambaed
Vutomaty-Manual £ hannel Select swatehf § Channel
switche/4 1.k D channel ndicators Antenna jack/
Exteenal antenna jack/Forward facing 2 prakee
Certified under FCC Regulations, Part #15

‘ CALCULATORS 12359337
SR-52 $199.95 gy D17 Only $195
SR-56 89.95 B | NiCac Batteres &
) SR-51-11 59 95 Charger Unit
- PC-100 169.95
® Small and RUGGED—
ideal for tield use.
®1H luti I nge
HEWLETT-PACKARD SlotEt T
CALCULATORS R
® 10Hzto u
Qg § 7 € ETIE ®w HP-97 675.00 ° Cffnrggconstruction.
V - "L K S M UE W HE m,“ © HP-67 399.95 ® 30 mV sensitivity—Amateur and CB frequencies.
HP-25C 180.00 Ideal for audio, broadcast,
THE LM 40 coee: . $190 HP-25 132.00 'amateur,_CB and industrial
= B TN HP-21 72.00 requencies.

0.1% Accuracy

Full four digits.

Less than 2 high.
Automatic zeroing.
Automatic polarity.
Low power:< 3W.
MOS/LSI construction.
Low, low price.

NEWH!

The FM-7 frequency
range can be extended
to 512 MHz with our
new SC-5 Prescaler

Non-Linear Systems, Inc. @‘ 25th Year of Progress

To order call TOLL FREE 1-800-251-6771. In Tenn. call 615-528-6502

POST OFFICE BOX 165, Algood, Tennessee 38501
Shipping pre-paid on all orders
Circle the reader service card for our FREE catalog
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Bulld 2650-Bas
Microcomputer

system

Part |. Built on a single printed-circuit
board, this 2650 microcomputer contains a video
and cassette tape interface and resident supervisor
program. Add a keyboard, video monitor, cassette tape
recorder and power supply for a complete working system

JEFF ROLOFF

AN EASY-TO-USE COMPUTER SYSTEM MUST
have essentially four major sections.
There is. of course. the actual processing
section that usually (at least for small
users) contains a microprocessor 1C.
There must also be input and output
sections so that the processor can
communicate with the outside world.
The last section that is essential for a
computer’s operation is the memory.
This is used to store programs and data,
and it can be cither a memory that
needs to be accessed very quickly when
running a program or a memory used to
store information for long periods of
time. such as cassette tape.

The 2650 computer project presented
here has all of the above circuits
mounted on a single printed-circuit
board. In addition. there is a versatile
supervisor program that allows you to
easily create your own programs. The
heart of the unit is the Signetics 2650
microprocessor. Basically. it is a simple
to use microprocessor with a powerful
instruction set. The input device can be
any ASCll-encoded kevboard. which
simply hooks to an input port of the
computer. The output device is a high
quality 80-character by lé-line video
display generator which is fully con-
trolled by the processor. There are also
parallel input and output ports (one
each) to allow you to communicate with
any other peripheral device. such as a
line printer or a floppy disc. The

COMPUTER PROJECT

SPECIFICATIONS
DISPLAY GENERATOR

Display Format: 16 lines of 80 characters. User programmable character generator
selected by setting bit 6 of the stored data to logic-1 level. Bit 7 available for any
special user application.

Method of Accessing: The processor writes correct RAM location to place a
character on the screen.

Output: Composite video, 1 voit P-P nominal, 75 ohms, 7.1 Mhz.

Cursor: Written by processor just like any other character. Supervisor uses a square
dot centered in character field.

Screen Blanking: During horizontal or vertical retrace, between character lines and
whenever the processor is accessing the display memory.

Display Addressing: Starts (upper left hand corner) at address H1000, and ends at
H14FF. As addresses are incremented, the display position moves downward.

Additional User RAM: A total of 768 bytes starting at address H1500. Actually a part
of the display memory, but this is transparent to the user.

PROCESSOR

Type: Signetics 2650 microprocessor.

Buttering: All processor signals buffered for TTL fan-out of 10.

Memory: 1K bytes of PROM which contains supervisor program. 768 bytes of RAM
unused by display is available for user programs. PROM is on-board expandable to
4K bytes.

Control Lines: Pause and stop-clock lines allow single stepping of programs.
Disable-lines for address data, and control buses to allow DMA (Direct Memory
Access) or dual processor operation.

CASSETTE INTERFACE

Recording Format: 300 baud, 1200/2400-Hz Kansas City Standard.

Output Voltage: 100 mV P-P.

Misc. Size: 8'/2-inch square printed-circuit board.

Power Consumption: 3 amps at 5 volts.
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All resistors '/s watt, 5%.

R1-R6, R14, R18—10,000 ohms

R7, R8, R16, R17—1000 ohms

R9—-330 ohms

R10—150 ohms

R11—82 ohms

R12—100 ohms

R13—620 ohms

R15—470 ohms

R19—-20,000 ohms

R20—68,000 ohms

R21, R22-20,000-ohm trimmer
potentiometer

C1, C2, C11—-100 pF, disc

C3, C14—100 pF, 16 volt, electrolytic

Cd, C8—0.01 pF, disc

C5, C6, C7, C9, C15-C29~0.1 uF, disc

C10-0.0022 uF

C12, C13-0.056 uF, +10% polyester film

D1, D2—1N914 diode

D3—1N4729 Zener

D4, D5—1N4148 diode

Q1, Q2-—-2N5139 transistor

PARTS LIST

1IC1—-2650 microprocessor (Signetics)

IC2-1C10, 1C21, 1C22, IC78, IC79—74126

IC11, IC64, 1IC69—7408

IC12—7414

IC13, IC17—3624, pre-programmed
PROM containing supervisor program

{C14-1C16, IC18-1C20, 1C48—3624,
PROM (see text)

1C23, I1C24, IC65, IC75, IC77—7474

1C25, IC71, IC76—7400

1C26-9344, 4-bit by 2-bit multiplier
(Fairchild)

1C27-1C29~-74157

IC30-1C45—-2102-1, RAM (Signetics)

IC46, 1IC47~74125

1C49—-3624, pre-programmed PROM
character generator, upper case

IC50-1C52, IC55-1C58~-74163

IC53—74S04

1IC54—7410

1C59-7432

IC60—74166

IC61, IC68—7411

1C62—7420

IC63, IC67—7404

1IC66—74109

IC70—7425

1C72—-555, timer

IC73—74123

IC74—CA3130

XTAL1-14.192640 MHz series-resonant
crystal

MISC.—One 40-pin DiP socket for IC1,
six 16-pin DIP sockets and printed-
circuit board.

The following parts may be ordered
from: Central Data Company, P.O. Box
2484, Station A, Champaign, IL 61820.

1C49—-3624, pre-programmed PROM
character generator, upper case, $27.

IC13, 1C17--3624, pre-programmed
PROM containing supervisor program,
$27 each. '

PC board, predrilled and etched, $30.

An assembled and tested microcom-
puter board, $325.

number of ports can be easily expanded
to 256.

The on-board memory consists of

1024 bytes of PROM used to store the
supervisor program along with 2048
bytes of RAM used for the video-
display generator and for program stor-
age. The external storage device is a
casselte-tape recorder. An on-board cas-
sette-tape interface 1C is provided that
uses the 1200/2400 Hz. 300-baud stan-
dard 1o store the data. When the cassette
interface is not being used. data lines
are available for serial 1/0 (/nput/
Output) data transfer. The computer
operates off of a single +5-volt supply.
When it comes right down to it. @/ that
you need to get rolling in microcom-
puters is the board described in this
article. plus an ASCll-encoded  key-
board. a video monitor. a cassette-tape
recorder and a power supply.

Something more should be said about
the supervisor program at this time since
it pulls all of the hardware together to
form a simple to use computer system.
The program allows you to have
casselte-tape input or output to or from
any memory block (in a standard
format. in any length that vou want).
display or change memory. set a soft-
ware breakpoint (stop) address. inspect
and set the CPU registers. and jump to
any memory location to execute your
program.

Theory of operation

Figure 1 shows the schematic for the
2650 microcomputer system. Because of
the architecture of the 2650 micropro-
cessor. the Processor and Bus Drive
circuit is very simple. All of the output
lines of the 2650 are buffered by tri-state
buffers. and the data bus is buffered in
both directions. with only one set of
buffers being enabled at a time.

Figure 2 shows the timing relation-

B n
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FIG. 3—TIMING DIAGRAM of horizontal, vertical and sync signals supplied to video monitor.

ships for the 2650 microprocessor. Note
that both orrEQ (operation request) and
the address lines become stable some-
where in an interval of about 600 ns.
depending on the individual 2650. the
temperature and the power supply
voltage. The 1.18 Mhz TTL clock for the
2650 is derived from the output which is
a division of the 14-MHz master oscil-
lator used in the display unit.

Because the microprocessor and the
display unit'use the same RAM (unless
you expand the RAM). a priority
arrangement for the memory had to be
devised. Since the processor could be in
the middle of an access when the
display nceds the memorv again. the
display checks to see if the processor is
accessing RAM. and if it is. the display
waits. After the processor is finished
accessing the memory. the processor is
locked out from accessing the memory
again until the display is through. The

W-WHITE
OV -SYNC

FIG. 4—COMPOSITE VIDEO SIGNAL supplied
to video monitor.

display releases the memory to the pro-
cessor whenever it is doing inter-line or
vertical blanking. which accounts for
about 53% of the time. Therefore. the
processor runs at about half-speed when
continually accessing the display mem-
ory. which is very seldom. When the
display is using the memory. pin 36
(oraK) of the 2650 is high.

Data is transferred between the pro-
cessor and peripheral devices via the
parallel input and output posts. The
kevboard should be hooked to the input
port by connecting it to the correct pins
of plug P6. The data from the keyboard
is read by the READ DATA command. The
other input port is read by a READ
CONTROL command. The bit settable



output port is accessed by the WRITE
DATA instruction.

The Timing Chain and Sync Gener-
ator circuit divides the 14 Mhz clock in
several stages to form the various signals
needed to interface with a video moni-
tor. Derived from these divisions of the
master clock are the signals HORIZONTAL
SYNC. VERTICAL SYNC, and BLANK VIDEO
(composite blanking). Figure 3 shows
the relation between the vertical and
horizontal timing and the sync pulses.

The Display Memory circuit consists
of sixteen 2102-1 RAM IC’s and up to
two 3624 PROM’s. The 3624 PROM’s
are used for both the character genera-
tors and the supervisor program (as
opposed to 1702’s) so that the whole
system could run off of a single supply.
The use of PROM’s for character gener-
ators also allows you to create your own
characters. symbols or limited graphics.
If bit 6 of the ASCII data is low. it
selects one of the character generators
(1C49). while if it is high it selects the
other (1C48). The outputs of the char-
acter generators are fed into a parallel-
to-serial converter where they are sent
out at a 14 Mhz rate. They are then
mixed with the sync pulses to form the
composite video signal that is sent to the
monitor. The video output voltages are
shown in Fig. 4.

Since the processor and the display
share the display memory. the address
lines of the display memory must be
switched between the processor address
bus and the display timing generator.
The Display Memory Address Switch
circuit does this. When the Display
Generator is not writing characters (and
therefore not accessing memory). the
DISPLAY ACCESS line is low. which selects
the processor address bus to be gated to
the RAM. When the display is not
blanking the video. however. the Timing
Chain and Sync Generator circuit
selects the addresses for the RAM in an
ordered fashion.

There is a special pattern by which
the display accesses the RAM. This
pattern allows all locations of memory
not used by the display section (there
are 768 of these bytes) to be confined to
one memory block. not just several
bytes here and there scattered through-
out memory. A memory map for the
display is shown in Fig. 5. When the
address of the RAM is incremented. the

80 CHARS
TAq-Arg SELECT)

2ND CHAR

1ST LINE

ADDR=1010y
1ST CHAR
1ST LINE
ADDR=1000,,

1ST CHAR

16 LINES
(Ag-Ag SELECT)

80TH CHAR
16TH LINE 16TH LINE
o ADDR100F ADDRRIEFE .,

FIG. 5~RANDOM ACCESS MEMORY Is simul-
taneously used for the video display and
program storage.

PIN I

NO. P1 P2 P3 P4 P5 PG
1 ADOR DISABLE Ay ING ] 0uT 2 MAD GND
2 CTRL DISABLE GNO INT +5v Al4 DUT3
3 SERIAL INPUT +5V INS GND TD-ON
[ Alp N4 07 GND +5
5 RUN/WAIT (DUT) A Dg VIDEOD 0UT INT
6 PAUSE Ag 0y Ay IN3
7 DB DISABLE Ag 0y +5V IND
8 §TOP CLOCK A7 GND 0, +5V IN2
9 SERIAL OUT Ag M AT 03 GND 8

RESET OUT TAPE RECORDER

10 {SQUARED) A MICROPHONE 04 WRP B3

n 5V Ay 0g Az 8,

12 +5V Ag ouTs By

13 CPU CLK Ay GND ouTs AW Bg

1 0ISPLAY ACCESS +5 OUTO [ READ EXTENDED 8y

15 RESET IN Ag ouT! DPREQ Bg

16 A ouT4 A3 STROBE

FIG. 6—PIN CONNECTIONS of DIP sockets used to connect microcomputer to external devices.

character on the video display moves
down one line. When it gets to the
bottom line. the next character is on the
top line, one character to the right of the
present one. Therefore. when the dis-
play memory is filled. every memory
location from address 1000 to 14FF is
filled with data. If you wish to write
characters across a line, you must incre-
ment the address by 16. thus moving
you to the right one position. So from
locations 1500 to I7FF you may put
your own programs and data. just as if
the video display wasn't there.

It may help to show what would
happen if the memory addressing
scheme was worked out another way. If
the addresses were incremented as the
characters were being printed on a line,
then addresses 80 to 127 would be left
unused. along with 207 to 254 and so on
to form 16 groups of 48 characters each.
All of these groups are separated by 80
characters. and programs cannot be
written in them unless they are less than
49 bytes long! The addressing format
can be ignored by someone program-
ming the unit. for it is'transparent to the
programmer. It was thought that it
would be appropriate. however. to bring
it out here for a more hardware oriented
person.

The PROM memory consists of up to
eight 3624 4K-bit PROM’ that are
selected as a function of the upper six
address lines. The first two IC sockets
(IC13 and IC17) on the PC board are
usually filled with the supervisor pro-
gram. It should be pointed out that
other programs could be written that
would allow the board to have a special
purpose such as an intelligent terminal
or a process controller. These programs
could either replace the supervisor
program or be added to the empty
sockets.

The last circuit is the Cassette Inter-
face. wkich connects to the serial input
and output pins of the 2650 processor.
The modulator consists of an oscillator
and gating circuitry to allow either 1200
or 2400 Hz go to the tape recorder’s
microphone jack. The demodulator con-
sists of a limiter (1C74) and two Mono-
stable Multivibrators (IC73-a and 1C73-
by The output of monostable 1C73-a
goes low if the input frequency is not
fast enough to keep retriggering it
(somewhere between 2400 and 1200
Hz). This output is latched by lC75-b.‘
and the other monostable (IC73-b) takes
care of bias and distortion problems.
This output is sent to the serial input
(sense) line of the 2650.

tnstallation

Connecting the circuit board to exter-
nal devices is accomplished through the
use of DIP plugs and sockets. Figure 6

. shows the pin connections of these sock-

ets.

Connection to your video monitor is
made using plug 5. pins 4 and 5. Pin 4 is
the ground. and pin 5 is the | volt P-P
composite-video signal. Plug 6 is used to
connect to your keyboard. The pin
numbers that correspond to the ASCII
data bits can be found in Fig. 6.

The strobe signal must be low going.
and should ideally be active as long as
the key is depressed. Note that the
supervisor program will not accept a
very short strobe pulse. since the sofl-
ware is used to detect the strobe. If your
keyboard strobe is smail (less than |
ms). you can add the circuit shown in
Fig. 7 to be sure that the program will
catch every keypress.

Most keyboards have a strobe that
lasts as long as a key is depressed. so it is
then simply a matter of hooking up the

continued on page 90
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XR-2206 IC Function
enerator Circuits

Part I. The XR-2206 IC is a versatile function-
generator with many applications. Here are some of
the more interesting circuits you can try.

R. M. MARSTON

RADIO-ELECTRONICS
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THE XR-2206 IC IS A FUNCTION GENERATOR
that is capable of generating high
quality sine. square, triangular. ramp.
and pulse waveforms at frequencies
from a fraction of a Hz to several
hundred kHz with a
external circuitry. The output frequency
can be swept over a 2000:1 range using
a single control-voltage or variable
resistance. In addition. the IC has facili-
ties for AM. FM. PSK (Phase-Shift
Keying) or FSK (Frequency-Shift Key-
ing) operations.

Manufactured by Exar Integrated
Systems. Inc.. 750 Palomar Ave.. Sunny-
vale. CA 94086. the XR-2206 is avail-
able from many distributors. It is
housed in a standard 16-pin DIP and
can be powered from either a single
supply in the range 10 to 26 volts or a
split-voltage supply in the range +5 to
+ 13 volts. When used as a sinewave
generator. the THD is typically 2.5
percent without adjustment but can be
reduced to about 0.5 percent with
external trimmer controls. The sinewave
output has a typical maximum ampli-
tude of 2 volts RMS and an output
impedance of 600 ohms. The frequency
stability of the 1C is excellent—20 PPM
(Parts Per Million)-per-degree Celsius
for thermal changes and 0.01 percent-
per-volt for supply voltage changes.

The XR-2206 integrated circuit has
many useful applications. 1t can readily
be used as a simple waveform generator
or as a complex function generator with
a variety of modulation facilities.

How it works

Figure 1 shows the functional block
diagram and pin connections of the XR-
2206. The heart of the IC is a voltage-
controlled oscillator (VCO) that is
driven by a pair of current switches. The
VCO’s main timing-capacitor is wired

minimum of

between pins 5 and 6. and can have any
value in the range 1000 pF to 100 pF.
The VCO's main timing resistonis wired
between the negative supply voltage
(V-) and pin 7 or pin 8 of the IC. The
resistor can have any value in the range
IK to 2 megohms.

The frequency of oscillation. fg. is
determined by the external timing—ca-
pacitor C; and by the timing resistor R ;.
The frequency is given as:

_ ]
fo - —RT X CT Hz.

For optimum thermal stability and
minimum sinewave distortion. R;
should have a value in the range 4K to
200K ohms.

The timing resistor can be connected
to either pin 7 or pin 8. or two liming

G
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5 12 v
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FIG. 1=XR-2206 FUNCTION GENERATOR,
block diagram and pin connections.

resistors with different values can be
connected for FSK operation. Either the
pin-7 or pin-8 timing resistor is selected
by applying a suitable voltage to the
FSK input terminal (pin 9) of the IC. If
pin 9 is open-circuited or connected 10 a
bias voltage greater than 2 volts, the

pin-7 resistor is selected. Conversely. if
pin 9 is biased below | volt. the pin-8
timing resistor is selected. This FSK
facility enables the output signal to be
switched alternately between two inde-
pendently adjustable frequencies. 1o
produce. for example. a warble-tone
signal.

The VCO produces two basic wave-
forms simultaneously. One of these is a
Jinear ramp that is fed to an internal
multiplier and sine shaper. The other is
a rectangular waveform that appears on
pin 11 via a built-in buffer transistor. In
very simple terms, the action of the
VCO is such that the timing capacitor
C, first charges linearly via the timing
resistor Ry to produce the internal rising
ramp waveform. Simultaneously. the
voltage appearing on pin 1l switches
sharply from a low to a high state. The
ramp waveform continues to rise until it
reaches a predetermined threshold volt-
age. at which point the rectangle output
switches sharply to the low state and C;
starts charging in the reverse direction
via R; to produce a falling-ramp wave-
form. The ramp continues to fall until a
second threshold voltage is reached. at
which point the rectangular output
switches sharply back to its original
*high’ state and the whole timing process
then repeats.

The VCO produces symmetrical
triangle and square waveforms if the
same timing resistor is used to control
both charging cycles of the timing capa-
citor. Alternatively, if the rectangular
output waveform appearing on pin 11 is
connected to the FSK terminal (pin 9).
the VCO will automatically switch
between the pin-7 and pin-8 timing
resistors on alternate half cycles. If
timing resistors with different values are
used. the IC will simultaneously pro-
duce non-symmetrical linear-ramp (or
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sawtooth) and non-symmetrical square
(or pulse) output waveforms.

The VCO is actually a current-
controlled multivibrator. in which the
timing current is controlled by the resis-
tors connected to pins 7 or 8. or by
external voltages that are connected to
these pins via suitable current-limiting
resistors. This makes it possible to exter-
nally frequency modulate or frequency
sweep the output waveforms.

The ramp output of the VCO is fed to
the multiplier and sine-shaper circuit.
This circuit acts like a gain-controlled
differential amplifier that provides a
high impedance output at pin 3 and a
600-ohm buffered output at pin 2. With
pins 13 and 14 open. a ramp waveform
is available at pins 2 and 3. With a
resistance of a few hundred ohms
between pins 13 and 14. the circuit
exponentially cuts off the peaks of the
ramp signal from the VCO. producing a
sinewave output at pins 2 and 3. With
suitable adjustment, the sinewave dis-
tortion can typically be reduced to a
mere 0.5 percent.

The gain and output phase of the
multiplier can be vanied by applying a
bias or signal voltage to pin 1. The
output is linearly controlled by varia-
tions above and below a level equal to
half the supply voltage. The output is
zero when the pin-1 voltage is at half the
supply voltage, and rises as the voltage
goes above half the supply voltage.
When the voltage is reduced below the
half-supply level. the output-signal level
again increases but its phase is reversed.
This characteristic can be used to ampli-

produces a buffered 600-ohm output at
pin 2. The input signal to the buffer
amplifier (and hence the output signal
at pin 2) can be varied by connecting a
voltage divider between pin 3 and a
ground point. This can be used to
provide simple gain control of the
output. or it can be used for keying or
pulsing the output signal at pin 2.

A final point to note about the XR-
2206 IC is that the DC level at pin 2 is
approximately the same as the DC level
at pin 3. Thus. the DC level at pin 2 can
be shifted by applying a suitable bias
voltage to pin 3. In most applications.
pin 3 is biased halfway between the
positive and negative supply voltages. In
split-supply circuits. this means that the
output signal swings about the zero-volt
(common) line.

Sinewave generators

Figure 2 shows the connections for
using the XR-2206 as a simple sinewave
generator that is powered from a single
power-supply. Here. the timing resis-

OFF
10VTO 24V +V,
ON ‘\c [

tance is provided by the series combina-
tion Rl and R2. and the output
frequency can be varied over more than
a decade range with any given value of
timing capacitor C1. When C1 has a
value of | pF, the frequency can be
varied from 10 Hz to 100 Hz via R1, and
wien Cl has a value of 1000 pF, the
frequency can be varied from 10 kHz to
100 kHz. Note that the timing resistance
is connected to pin 7 of the IC. This
timing pin is automatically selected
since the FSK terminal (pin 9) is
unbiased. The circuit generates a sine-
wave output at pin 2. since a 220-ohm
resistor is wired between pins 13 and 14.
Typically. the sinewave distortion is less
than 2.5% with this simple connection.
The DC level of the sinewave at pin 2
is equal to half the supply voltage
because pin 3 is biased at that level by
voltage divider R6—R7. which is
shunted to a low impedance by C3—C4.
The DC level of the sinewave signal is
removed by capacitor C5. Potentiometer
R5 varies the amplitude of the sinewave

Ci= 1uF, f= 10Hz- 100Hz
= 0.1xF, f= 100Hz - 1kHz
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built-in unity-gain amplifier stage that
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FIG. 2—-SIMPLE SINEWAVE generator uses single-voltage sapply.
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and provides the final output signal.
The maximum amplitude of the
output sinewave is determined by LEVEL
PRESET control R3, To set up R3. first
disconnect R4 from pin 13 so that a
triangular output waveform is obtained.
then decrease R3 until all clipping is
removed from the triangular waveform.
Note the R3 setting. Now reconnect R4
to pin 13 and check that a good sine-
wave output is obtained. The maximum
sinewave amplitude can be reduced by

replacing all ground connections with
the negative output of the supplv. and
by connecting the LEVEL PRESET control
R3 directly to the common or ground
line. These modifications are shown in
the circuit of Fig. 3. Note that the R6—
R7 voltage divider is eliminated and
that decoupling capacitor CS5 is no
longer required since the sinewave
output signal is automatically centered
at the zero volt level.

The Fig. 3 circuit also shows how the

— 5V TO12V-V,
v
oo e /7 SINEWAVE
h TPUT
T w0.F * o
4 ZSK - ‘/-\-j —--=0v
16 -— =
l SYMMETRY; OV (COMMON)
R3 2 15
| @} o 3 14
0‘_’]_ LEVEL SET . s O mm)
i XR-2206
i I 5 12
T 10.F € >
3R
o L i
7 10 Cl=  1uFf= 10Hz- 100Hz
|* = 0.1uF, f = 100Hz - 1kHz
R1 3 9 2 = 01uF,f= TkHz - 10kHz
100K 104F = 0014F, f = 10kHz - 100kHz
FREQUENCY

SVT0 12V + v,

Fig. 3—HIGH-PERFORMANCE SINEWAVE generator uses split-voltage supply and has adjustments

for waveform symmetry and distortion.
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FIG. 4—=TWIN-T FILTER aids in adjusting for
minimum distortion.
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FIG. 5—ADD-ON MODIFICATION for applying a
DC offset to the output signal in the Fig. 3
circuit.

moving R3 below the noted setting. but
the amplitude must not be increased by
moving R3 above this setting. Sinewave
distortion may be reduced below the
typical 2.5% value by carefully adjusting
the value of R4.

The circuit shown in Fig. 2 can be
used with any power supply in the range
10 to 24 volts. The circuit can be
modified for split-supply operation by

a scope or millivoltmeter. Set the output
of the generator to 1 volt RMS at
approximately | kHz. Next. adjust the
output frequency of the generator and
the SET NULL control R4 of the filter to
give a minimum output indication.
Finally. adjust the R4 1D and RS
SYMMETRY controls of the generator to
reduce the output of the filter to the
minimum possible value. The output of
the filter corresponds to approximately
0.1% THD-per-mV RMS. For example.
if the indicator shows a reading of 5 mV
RMS, the THD of the generator is
approximately 0.5%.

When using the low-distortion sine-
wave facility, it may be noted that the
signal appearing at pin 3 of the IC is
similar to the signal at pin®2. but has a
lower distortion and a higher output
impedance than pin 2. Also. the signal
at pin 3 is closely centered on the
common or ground line, while the signal
at pin 2 is offset by a few hundred
millivolts. The pin-3 terminal can also
supply a greater undistorted signal
voltage than the pin-2 terminal.

If required. DC offset can be applied
to the output signal at pin 2 and pin 3 in
the circuit shown in Fig. 3. This is
accomplished by applying a bias to the
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S 3
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TRIANGLE
OUTPUT

[
oV {COMMON)

Cl=  1uF, f= 10Hz- 100Hz
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Il«
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FIG. 6—TRIANGULAR WAVEFORM generator provides a variable-frequency output signal.

total harmonic distortion (THD) of the
sinewave signal can be reduced to a
typical value of 0.5% with the aid of R4
and R5. Here. R4 trims the THD and
RS is a symmetry adjust control. These
controls must be adjusted alternately to
give the best sinewave output wavefarm.
after first setting R3 to give a non-
clipped triangle waveform as described
carlier.

In the absence of a distortion meter,
the simple twin-T 1-kHz filter shown in
Fig. 4 can be used in conjunction with
an oscilloscope or millivoltmeter to set
the sinewave generator for minimum
distortion at 1 kHz. The procedure for
using the filter is to apply the sinewave
output of the generator to the input of
the filter and connect the output of the
filter to the input of an indicator such as

ground side of R3 as shown in the add-
on circuit of Fig. 5.

Triangle and squarewaves

The XR-2206 IC can generate trian-
gular waveforms by using the basic
circuits of Figs. 2 and 3 without the
sinewave shaping resistors. Figure 6
shows the practical circuit of a variable-
frequency split-supply triangular wave-
form generator. When used with a 9V—
0-9V supply. the unloaded output will
provide a signal amplitude of about 12
volts peak-to-peak before clipping
occurs.

Fixed-amplitude squarewave signals
can be generated. either independently
or simultaneously with sine or triangular
waveforms, by simply wiring a load

continued on page 89



TELEPHONE
ACCESSORY

Turn-On Appliances

Via Long D

istance

An add-on device that enables you to turn on
and off appliances or sequently turn on
multiple appliances by ringing your telephone

THE TELEPHONE IS PROBABLY ONE OF THE
most important of all those appliances
that can have a bearing on our daily
lives: yet it is the one most often taken
for granted. We usually think of it as
merely a means of communication but
in this article we will see how the tele-
phone can become a “Magic Genie™
that can control many simple household
tasks while we are away from home.

The project described in this article is
designed to operate with the ordinary
house telephone. To better understand
how it works, we must first look at the
basic phone instrument and see how it
operates.

One of the more common telephones
in use today is the model 500 used in the
Bell Telephone System. It is the model
that will be considered. A typical sche-
matic of the 500-type telephone is illus-
trated in Fig. I.

Sound is picked up by the telephone
transmitter (microphone) as variations
in pressure caused by a vibrating dia-
phragm. Sound is reproduced in the
telephone receiver. It contains an elec-
tromagnetic earphone.

I’s possible to make a telephone with
just the receiver. transmitter and some
additional switches. But such an instru-
ment would be difficult to use because
your voice would be loud in your
receiver and low in the receiver of the
party you were talking to. The same
thing would be true on the other end.
To eliminate this, telephone engineers
have included varistors in the telephone
instrument. (Varistors are voltage vari-
able resistors in which the resistance
varies inversely with the voltage.) So if

JAMES GUILDER

the voltage across a varistor increases.
the resistance decreases and vice versa.
This means that the average voltage
across the receiver in the phone remains
relatively constant. The voltage pro-
duced in your receiver by your micro-
phone is reduced to the same level as
the voltage coming from the distant
microphone.

In Fig. | varistor RV suppresses dial
pulse clicks in the receiver. The balanc-
ing network. composed of varistor RV2,

resistor R2. and capacitors C2 and C3
with the windings of the induction coil.
forms a hybrid arrangement that pro-
vides simultancous two-way operation
over a two-wire circuit. Capacitor Cl
and resistor R1 make up a dial pulse
filter to suppress high-frequency inter-
ference 1o nearby radio receivers. Varis-
tors RV2 and RV3 with R1 also reduce
the efficiency of the transmitter on short
loops from the central office to maintain
satisfactory transmission volume. All of
the components marked with an asterisk
(*) are located within the network block

RECEIVER
TRANSMITTER
RV1
‘RIS

220 P

117

#INOUCTION
coit

$1
GRN LY

{17

* SEE TEXT

YEL
*R1
18052

PAl
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S TELEPHONE
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FIG. 1—500-TYPE TELEPHONE contains transmitter, recelver and network for balancing the signal

level between the two.
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located inside Western Electric and ITT
telephones. In phones produced by
Automatic Electric. these components
are on a printed circuit board in the
phone.

While most telephones have three
wires coming out of them—green (L1).
red (L2) and yellow—the green and
vellow wires are often connected to-
gether. The yellow and red wires are
used to make the telephone ring. To do
this, between 60 and 90 volts at 20 Hz is
applied to the ninger. which consists of
two coils in series with a capacitor. The
ringing coils of the bell and capacitor C4
are designed so that once the bell starts
to ring. the ringing signal is reinforced
and even a small electrical current will
cause the bell to continue to ring.

The ringer assembly is connected to
the telephone line at all times because it
is connected before the hook switch that
disables the rest of the telephone until
the receiver is lifted off the hook. If the
telephone company wants to determine
hew many phones are connected to a
line. it either measures the capacitance
of the line or the current drawn during
ringing.

When the receiver is lifted off the

hook. switches SI and S2 close. while
switch S3 opens. When S1 and S2 dose.
the phone resistance. that normally
varies between 600 and 900 ohms. is
placed across the line. The 48 volts
across the line when the phone is on the
hook drops to about 5 volts.

To dial a phone number. the line
must be interrupted (opened and
closed) at a repetition rate of 10 pulses
per second. This is done by contact D1.
located on the back of the telephone
dial. If. for example. the number 7 is
dialed. DI (normally closed) opens and
closes 7 times. While this is happening.
D2 stays closed. The moment the dial is
moved from its normal resting position,
contact D2 closes and stays closed until
the dial returns to its resting position.
This short circuits the receiver to
prevent the dial clicks from being
heard.

Build the Teleswitch

How would you like to be able to call
your house after an evening out. turn
the electric coffee pot on, and have a
fresh pot of hot coffee waiting for you
when you get home? Or maybe you'd
like to turn the lights on and off in your

12v+

house while you are away on vacation
so potential burglars won't realize that
you are not home.

You can do these things and more
with Teleswitch. If you want to. you can
turn on a whole series of devices in
sequence, just by making one phone call
every time a device is to be turned on.
And the best part of the whole thing is
that you do not get charged for a phone
call. even if it is long distance. The
reason for this is that Teleswitch does
not answer the phone. It simply uses the
ring signal to activate whatever devices
are connected to it.

Do not worry about anyone else
turning things on accidentally. Tele-
switch is designed so that unless the
phone rings exactly once, and only once,
nothing will happen.

There are two versions of Teleswitch:
sequential. multiple-device and on/off
switching. The sequential type will turn
on a series of electrically operated
appliances one after the other. This is
good if you have several things to
control remotely such as an electric
coffee pot. warming tray. lights. etc. The
disadvantage of this device is that to
turn something off. it requires a sepa-
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About the circuit

This device uses two sound switches.
When the telephone rings the crystal
microphone picks up the sound of the
bell and triggers SCRI1 which closes
relay RY1 (Fig. 2). Transistor Q1 is held
on by resistor R1 and is used to reset the
sound switch by applving a negative
pulse to its base.

When RY closes. its contacts apply
voltage to the second sound switch and
to a 20/second unijunction timer cir-
cuit.

If the telephone rings only once.
which is what happens if you place a
call 1o turn something on. capacitor C1
has enough time to charge and trigger
unijunction transistor Q3. The tme
required for C1 to charge is determined
by the R3—C1 combination. The values

FIG. 4—POWER SUPPLY FOR TELESWITCH. Output voltage is determined by Zener diode. Power is

taken from 117 VAC line.
shown give a delay of about 20
seconds.

When Q3 is triggered. it produces a
pulse that is used to turn SCR3 on and
Q1 off. SCR3 latches relay RY3 on. One
set of comtacts on RY3 is used to
prepare the circuit to trigger SCR4 on
the next signal. This is done by transfer-
ring the gating pulse from SCR3 to the
gate of SCR4 or SCRS. etc. The other
set of contacts of RY3 are used to
control the first item to be turned on.

While all this is happening capacitor
C2 is building up a charge. When the
charge on C2 reaches the triggering
voltage for unijunction Q4. a reset pulse
is generated that resets the sound
switches by turning off Q2 and SCR2

and de-energizing RY2 if the call was
not a legitimate control signal. The
components used produce a delay of
about | minute from the time the phone
first rings until the reset pulse is gener-
ated.

What this means is that sequential
devices cannot be activated unless there
is an interval of at least 1 minute. This
delay helps prevent accidental activa-
tion by random phone calls.

On-off switching

For on/off switching. the second
version of Teleswitch, shown in Fig. 3.
should be used. It is similar to the
sequential type in that it uses two sound
switches and two unijunction transistor
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There is a gray area of regulatory
conditions surrounding the use of pri-
vately-owned telephone equipment on
telephone company lines. The famous
1968 "*Carterfone Decision,” that permit-
ted attachment of privately owned
“foreign"’ equipment to the telephone
lines, was not a Federal Court decision
as most people believe. The Federal
Court referred the case to the Federal
Communications Commission because
of its technical nature. Thus the decision
was only an FCC opinion, and not a
court ruling.

That decision was against the restric-
tive practices of the telephone company
and said, essentially, that the attach-
ment of customer-owned “foreign’’
equipment, that increases the utility of
the phone to the user, should be
permitted providing that such attach-
ment does not pose a hazard to the
telecommunications network, telephone
company equipment, its employees, or
the public.

As a result of the Carterfone Decision,
telephone companies modified their tar-
itfs, permitting such connections, but
with wording inserted that requires a
“voice connecting arrangement.’

The FCC has since entered into hear-
ings with the telephone companies, the
state Public Utilities Commissions, and
telephone equipment manutacturers to
finally implement the intent of the 1968
decision. While moving slowly, progress

Ma Bell, the FCC and You

has been made; and in most cases, the
agreements reached and the tariff
changes have all been in the direction of
allowing private equipment to be con-
nected to the line. AT&T itself has
changed its tariffs recently to allow
certain equipment, that contains a tele-
phone company-approved connecting
device, to be connected to the line.

But these telephone company-ap-
proved devices increase the cost of the
equipment sold and many people feel
they are unnecessary. Experts in the
field find it illogical and unreasonable for
AT&T to use foreign attachments with-
out the "voice connecting arrange-
ment,” but to require it when the
identical device is purchased directly by
the telephone user.

An Electronics Industry Association
staff vice-president for communications
and industrial electronics has reported
that more than 1800 phone companies
nationwide already use independently
made attachments without the so-calied
protective devices for interconnect.

The FCC has indicated to AT&T that
the Bell System should not require
connecting arangements for equipment
when the same type of equipment
provided by the telephone companies
themselves is not connected through
these voice-connecting arrangements.
The Bell System, for example, offers a
telephone answering machine on a
rental basis and does not connect that

unit through the connecting arrange-
ment they want to require others to
use.

Many experts believe that it is now
perfectly legal and permissible to con-
nect telephone accessories to the regu-
iar phone line providing that these
devices do not interfere with normat
telephone operations, deprive the phone
company of its lawful revenue, or create
a hazard to its equipment or personnel.

The FCC's position regarding inter-
connect is quite clear and has been
expressed many times. Even where a
potential for harm exists, the FCC is
determined to investigate the facts and
to assure that only minimum restriction
and reguiations will be allowed as are
absolutely required to prevent such
harm.

Many believe that it is only a matter of
time before the restrictive interconnect-
ing arrangements will no longer be
required. For the time being, would-be
users of telephone accessories have
three choices:

1. Use only equipment that is induc-
tively or acoustically connected to the
telephone line.

2. Pay to have the telephone compa-
ny install a connecting arrangement and
pay a monthly service charge.

3. Ignore the tariffs and connect your
telephone accessories directly to the
telephone line. (This, of course, would
be illegal.)

timing circuits. The difference between
the two is that the output of Q3 triggers
a flip-lop (Q4 and Q5) instead of an
SCR. The negative going pulse from
Q3's B2 terminal does two things. First
it goes via isolating diode D1 to the base
of Q1 and turns off SCR1 and its asso-
ciated relay. The negative pulse is also
applied via isolating diode D2 to the
triggering circuit of the bistable flip-
flop. Capacitor C4 blocks any DC levels
while diodes D3 and D4 serve as
steering diodes which cause pulses to
change the flip-flop from one state to
another, forming the on/off’ switching
action.

The output from one side of the flip-
flop is fed to Q6. which acts as a relay
driver and closes the relay on every
other pulse.

As with the first version of Teleswitch,
this one requires exactly one ring of the
telephone to activate. More than one
ring will trigger sound switch 2 and
disable the entire system for one
minute.

Construction

Teleswitch is best built on a chassis
that measures at least 5 X 9 X 2 inches.
Depending on how many sequential
devices vou are going to control. you
may want to use a larger chassis. with
enough room to mount all of the
controlied outlets.

Mount both sound switches next to

each other in the middle and towards
the rear of the chassis.

Drill two Ye-inch holes at the spot
where the crystal microphones will be
mounted so that the ring signal can be
picked up more easily. The controlled
outlet(s) are mounted next, after you
have first drilled a 1%einch hole to
accommodate the outlet. This outlet is
similar to the ones commonly found in
homes except that it does not have two
receptacles, only one. It can be
purchased in any electrical supply store.
After drilling the main hole for the
outlet. make the two small holes for the
retaining screws. Remember to select a
chassis large enough to mount the
number of controlled outlets you are
going to have.

Layout of components requires no
special attention. Perforated phenolic
circuit boards can be used. and any
convenient arrangement will do. A 12-
volt power supply should be used. If a
large number of high-current relays are
needed. make sure the supply can
handle all the current required; othes-
wise a higher current transformer and
power transistor will be needed.

The schematic of a suitable power
supply is shown in Fig. 4. The AC
voltage is stepped down by the trans-
former to 24 volts and then rectitied by
the bridge rectifier. The rectified voltage
is then fed to a resistor/Zener-diode
circuit. where a reference voltage is

produced. and fed to the collectors of
Ql and Q2. The Zener reference
voltage. which determines the output
voltage of the supply. is applied to the
base of Q2 which is connected in a
Dartington configuration with Q1. Out-
put is taken across the series combina-
tion of the 270-ohm resistor and the 0.1-
pF capacitor.

The components for the supply are
not critical. Just about any NPN power
transistor can be used instead of the
2N3055 specified. and any low-frequen-
cy small-signal NPN can be used for Q2.
The output voltage of the supply equals
the Zener voltage minus the voltage
drop across the two transistors. or
V,—1.2. To change the output voltage
of the supply. simply change the Zener
diode.

If a large amount of current is
required. the transistor will become very
hot and it may be necessary to mount it
on a heat sink. As long as you can hold
a finger on the transistor for a minute
while it is operating. you're okay. If you
have to pull your finger away immedi-
ately. use a heat sink. But be careful.
don’t burn yourself.

Installation and operation
To use the Teleswitch it is only neces-
sary to place the telephone on top of the
chassis and plug in the devices to be
controlled. You must adjust the thresh-
continued on page 95
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Part Ill. An in-depth look at how
a synthesizer in a CB transceiver works

ROBERT F. SCOTT
TECHNICAL EDITOR

DURING THE LAST TWO MONTHS. WE HAVE
taken a broad look at the phase-locked
loop as it is applied to frequency
synthesis in CB transcetvers. Last
month. we saw how the Motorola
XC3390 frequency-synthesizer 1C might
be used in a CB set. In this. the
concluding installment of the series. we
get a chance to examine some actual
circuits as used in the G-E model 3-
58004 23-channel transceiver. (By the
time this issue reaches you. the 3-58004
will have been discontinued and re-
placed by the model 3-5819 and other
40-channe! models.)

The Motorola XC3390 IC contains
nearly all the components and circuitry
needed for a frequency synthesizer. The
only external components required are
the 30.72-MHz reference crystal. loop
amplifier and filter. and the VCO. The
synthesizer develops the RF-channel
carrier frequencies used in the transmit
mode and the two mixer injection-
frequencies for the receiver. Compare
this with the digital frequency synthe-
sizer in the G-E model 3-3800A4. A block
diagram of this svnthesizer is shown in
Fig. 1.

Note that this synthesizer uses two
crystals for full control of all transmit
and receive frequencies. There are two
IC's and eleven transistors. The re-
ceiver's first mixer injection-frequency is
on the high side of the channel carrier
and ranges from 37.66 to 37.95 MHz to
develop the 10.695-MHz first IF. The

COUNTER

Fo=N X Fy

second mixer injection-frequency is on
the low side at 10.24 MHz to develop the
455-kHz second IF.

The synthesizer is switched between
the receive and transmit modes by the
control voltage on the R/T line. In the
receive mode, the control voltage is +7
(regulated) and is applied to terminal b
of the synthesizer and to all receiver
circuits including the AF preamplifier.
In addition. this +7 volts is applied to
the emitters of the mike preamp tran-
sistor (not shown) and transistor Q904
(shown in Fig. 2) in the unlock
switching circuit. biasing these two tran-
sistors off.

Figure 2 shows how the synthesizer is
connected into the receiver and transmit
circuits of the transceiver. When the
mike PUSH-TO -TALK switch is pressed.
the R/T line is grounded. the receiver
circuits are disabled. the synthesizer is
set for transmit operation and the Q904
emitter is grounded. Transistor Q904
now saturates. effectively grounding the
emitter of the transmit buffer Q901 to
activate the transmitter.

Synthesizer operation

When the synthesizer R/T terminal is
high (set to receive). the digital frequen-
cy divider in 1C802 is set for receive
operation and R/T switching transistor
Q811 is saturated. grounding out any
possible transmit-frequency output
through D802.

The VCO frequency is controlled by

the voltage on the variable-capacitance
diode (D80l). When in the receive
mode. the VCO operates 455 kHz above
the channel carrier frequency.

The 10.24-MHz reference oscillator
(Q801) generates the second mixer input
signal at terminal b and is summed with
the VCO frequency in mixer Q803. The
amplified 10.24-MHz reference signal is
divided by 2 to develop a 5.12-MHz
signal for the input to the reference
divider (pin 5 of 1C802. Fig. 3).

The crystal-controlled offset oscillator
(Q806) operates on the third overtone of
the 8.650-MHz crystal to generate 25.95
MHz as one of the inputs to mixer Q808
where it is heterodyned with the VCO
frequency. The low-pass filter (C835,
1808 and C836) selects the difference
frequency for the sampling input (pin 4)
of 1C802. The difference frequency
ranges from 1.47 to 1.75 MHz. depend-
ing on the channel in use.

In 1C802. the reference divider di-
vides the 5.12-MHz input by 5i2 to
develop 10 kHz as one of the inputs to
the PLL phase detector. The variable
sampling signal (f,) on pin 4 goes to the
programmable divider where it is di-
vided by factor n to develop a 10-kHz
signal. The phase-detector/charge-
pump combination develops a correc-
tion voltage that is filtered. amplified
and used as the control voltage for the
variable-capacitance diode that controls
the frequency of the VCO.

The out-of-lock detector develops a
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FiG. 1—-DIGITAL FREQUENCY SYNTHESIZER in the G-E model/ 3-5800A uses only two crystals for full control of all transmit and receive frequencies.

positive voltage at terminal ¢ whenever

there is a difference in the frequency or (UNLOCK) =Y AT
phase of the two signals applied to the ) 27 Wit

inputs of the phase detector. This posi- ©

tive voltage is fed through R602 and OIGITAL . ’

RQOS to thg ba;e of. Q602 in the u.nlock SYNTHESIZER © {ngmslt):(sEl’\‘/sn
switching circuit (Fig. 2). turning it on. (10 MHz) (38 MH2)

Diode D303. normally back-biased by 15 BgAd
the voltage on the AGC line. conducts
through Q602. and shorts the AGC line

to the B— line. This mutes the receiver

by cutting off the RF and IF amplifiers. CHANNEL
Similarly. the receiver (and transmitter) SELECTOR
circuits are disabled while switching J amev
from one channel to another. This is ¢
done by momentary closure of a switch 78V
connected to pin 12 of the CHANNEL ¢ 8-
sELECTOR. This applies +7 volts to the 0601 oan | 33n0v
base of Q602 through R603. WA i anov| - 0o4f
~s -~ 7V;L
. REGULATOR 002 < v

Transmit frequency synthesis T UL

When the R/T line is grounded. Q803 - +1V (RECEIVE)
is biased off so that the 38-MHz output 2= 1000F 3 BIaRRLE
does not appear at terminal d. At the ] VTS
same time, the digital frequency di- DEUANEDTAG

viders in IC802 are set for transmit

operation and Q811 is turned off. e
removing shorting diode D802 from the
Q805 collector circuit so that the trans-
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TO XMIT
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S i
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mitter drive signal appears at terminal c. RB02 RE05 29
R i 1000 10K $

The frequency of the VCO is adjusted to IS4 N 1
the channel center-frequency by the DC oo
control-voltage from 1C802. Ens. I g

When in the transmit mode, the only 00 AR gk Sk 18k S oS %07 oo 0.0022

S > T~ .~

output of the 10.24-MHz reference T
oscillator that is used is the one applied ! o B-
to the divide-by-2 flip-flop in 1C801. FIG. 2—SYNTHESIZER CONNECTIONS to receive and transmit circuits of transceiver.



AMPL +2 FLIP FLOP @ 10.240 MHz MIXER 38 MHz
REF 0SC 560¢ ouT ) ouT
..L J o looz
0.04 N AV r 1 j‘: : 1.50F
0.04 820 = v
= T K2 ] |
= | 2 100pF | 1807
150K 18K 1 88 068 06U ) |l
AVAA AN = L f ’
0801 ic801 10.24 P | : |
[}
2 T v _l
= ~ 1€ 1413 12 1110 8 38 MHz
& 1500F 22pF
s T 0802 =
* P4 =
spFoR 3K = e boF
J 12pF 1€
= = = Ly
LS 7V {REC) v (XMIT) -I_
5.12 MHz - 02 7 0802
8+
- IVREGULATEQ ~ ~ SWITCHER I
< g = =
® +1 33125V = 'jT": wiov S 2000
L l\_l_ 0.04 L
UL gk X T T = ?
S 0803 Q4K
o 7 12 18 03335y $ o4 o
o4 | v
< — —
1802 ::|5K - - 270F = 1iY @
4 1" 852 F T L804 1805 ~
W 15 16 17 12 8 9 . , 100/8.3V |+ — Dl
YT fax T | EE
N e e = Zwmn 0sC CoiL 26K 82pF | t !
; 9 -‘ VARACTOR < 1803 < W | S | | i
= 0.0 s L1515 [515]18 3300F — AuPL
T S SIS|IS|SISS IC [_ 1 US
L S SisSIs|s|s ‘bl L Jd
= 1R801 € < | ¢ € |< < 084 & v | 10pF —
akxr | ‘ = | ot | L
= L—|—=[-[-|-|2 + 2 | ‘:':) WpF 7R i 18
>
100K 3 vco\" T | 3 27 Mz
22K
L 'l-o.oz 20F 7
> 12K :_E P4 <
e = ::82'( <
0806 o0
?
L FFSET 08 L
= OFFSET 0SC BUFFER S
150pF it =
25.95 MHz 1€
= = 27K i 1F ]
A100pF Q4700 = 100F 1 <

FIG. 3—PHASE-LOCKED-LOOP FREQUENCY SYNTHESIZER In the G-E model 3-5800A.

The 25.95-MHz output of the offset
oscillator is mixed with the buffered
output of the VCO in the base circuit of
mixer Q808.

The low-pass filter eliminates the sum
frequency and passes the difference
frequency to the sampling input of
IC802. The difference frequency will
range—depending on the channel se-
lected—between 1.015 and 1.305 MHz.

The 5.12-MHz signal fed to 1C802 is
divided down to 5 kHz by the divide-by-
1024 reference divider. Frequency f, fed
to the sampling input of IC802 is
divided in the programmable divider by
whatever factor n—determined by bina-

ry-coded voltages from the CHANNEL
SELECTOR—will result in a 5-kHz signal.

The two 5-kHz inputs to the phase-
detector/charge-pump combination de-
velop a correction voltage that controls
the VCO in the same way it does in the
receive operation. When The VCO is off
frequency. the out-of-lock detector and
switching circuit disable the transmitter
until the voltage-controlled oscillator is
back on frequency.

Well, that about wraps up the PLL
circuit in the G-E 3-5800A4. There are
other interesting circuits that we hope to
present in another story. While prepar-
ing this series on the PLL. I was in-

trigued by the possibilities of using the
basic ideas that we've covered in a
broadcast-band receiver.

The phase-locked-loop approach
should eliminate distortion caused by
mistuning and oscillator drift. Ceramic
IF filters can provide a bandpass shape-
factor with good bandwidth and mini-
mum interference from adjacent chan-
nels. 1 don’t know when I'll have the
time to develop a receiver of this type,
so why don’t you take a crack at it?

No doubt there’ll be other IC’s devel-
oped to simplify PLL circuitry. We’ll
report on them as soon as technical
details are released. R-E

2261 YdY

H
wn



RADIO-ELECTRONICS

H
[-2]

Increase Dynamic

Range For
Better HI-Fi

Compression/expansion process increases dynamic
range and delivers age-old audio dream of a tape copy
that sounds better than the original

LEN FELDMAN
CONTRIBUTING Hi-F{ EDITOR

HAVE YOU EVER WONDERED HOW SOME
record companies have been able to
“restore” old recordings (notably. those
old 78 RPM Caruso records). enhance
them with new orchestrations using
modern. electronically recorded orches-
tras and even reduce their background
noise? In many cases. computers have
been responsible for this audio miracle.
Computers have been used to analyze
audio signals. differentiate them from
random noise and more. But. as you
might guess. the cost of such audio
restoration is enormous and hardly
lends itself to home hi-fi use.

Noise reduction

Several noise reduction schemes have
been developed for home use. the most
familiar is the Dolby “B" noise reduc-
tion system. Dolby works well in
reducing any noise that might be added
to a program source during the recording
process. bul. as most readers realize by
now. Dolby cannot help a program
source (records. tapes. FM) that already
has noise in it. As far as Dolby is
concerned (or JVC's ANRS system.
which is similar in operation to and
compatible with Dolby). it “looks™ upon
such noise content as part of the original
program material.

In the February. 1975 issue of Radio-
Electronics, we described a svstem
developed by a company called dbx.
Incorporated. This system is capable of
encoding and decoding discs or tapes
for a significant increase in dynamic
range and noise reduction. It can work
wonders with “live” recordings in that
dvnamic ranges as high as 100 dB
(difference in level between the softest
musical passages and the loudest) can
first be linearly compressed so that wide
dynamic ranges can be accommodated

on a home or professional tape deck.
Most tape decks used for home appli-
cations have a dynamic-range capability
of no more than 55 to 60 dB. If the 100-
dB dynamic range of music is first
compressed into 50 dB. that music can
be made to “fit” onto the tape and will
lie somewhere between the tape-noise
“threshold and the tape-saturation level.
as shown in Fig. L. If a linear expander

EXPANDER

{>_.

TAPE
/ SATURATION
*15 __ #15
"“l\:lﬂ. - -_‘10_1/"20 T
0 0 0 0

TAPE NDISE -0

—£0
-+ -80 ~80 -
.

100 dB 100 dB
INPUT INPUT
DYNAMIC DYNAMIC
RANGE RANGE

FIG. 1-COMPRESSION/EXPANSION process
reduces the dynamic range of input signals so
that it fits within the limitations of magnetic tape
and then restores the original dynamic range
during playback.

(operating in a reciprocal manner) is
used during playback, the entire 100-dB
range of the original music can be
reproduced faithfully. What's more,
audible tape noise (the “noise floor™)
can be effectively reduced by as much
as 30 dB in the process, All well and
good. so long as you are recording
“live™ music. But again. as with Dolby.
the moment you try to “transcribe™ a
program source having limited dynamic
range and audible noise using this dbx
“compander’ action. all you can hope
to do is end up with no further increase
in noise and no further compression of
the program. You cannot restore origi-

nal dynamic range or reduce pre-
existing noise using this system.
One-sided noise reduction systems
have been developed that require no
prior encoding. The simplest. and best

* known of these. is the high-cut filter

present on most modern amplifiers and
receivers. Such filters arbitrarily and
steeply attenuate frequencies above a
predetermined point, reducing high-
frequency hiss and noise. Unfortu-
nately, such passive filters reduce the
treble content of the reproduced music
as well. More sophisticated *“dynamic”
filters operate on the principle of contin-
uously varying bandwidth. When no
highs are present. the filter bandwidth is
reduced: while when musical highs must
be reproduced. the filter bandwidth
“opens up” automatically allowing the
“highs™ to come through. The trouble
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FIG. 2—INPUT/OUTPUT relationship for a
linear expansion of 1.4.
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FIG. 3—PEAK UNLIMITING provides expansion
only when input signal is above a predeter-
mined threshoid.
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FIG. 4—LOW AMPLITUDE input signal (upper
trace) is reduced further (lower trace) by expan-
sion.

with most of these dynamic filters is that
you can hear them working. and
residual hiss tends to be audible
depending on the musical material
being reproduced.

Increasing dynamic range

Another way dynamic range can be
restored (and noise reduced at the same
time) is by means of an expander. Two
types of expanders (models 117 and /19)
have been marketed for some years now
by dbx. Inc.. that offer variable expan-
sion capability. They can be set for
varving degrees of linear expansion (in
which louder signals are made still
louder and softer signals are made still
softer). as shown in Fig. 2. Or, they can
be set for peak expansion only—the
loudest signals are made louder, while
all other levels are reproduced at their
original amplitude. The latter applica-
tion works well for program sources that
have been peak-limited (FM programs
are a good example of this). To under-
stand how expansion works in the
“peak-unlimiting” mode. consider Fig.
3. In this mode. expansion only takes
place above a predetermined threshold
(that is varied by means of a front panel
contsol on the dbx model 117 or model
119).

Figures 4. 5 and 6 show what happens
when signals of varying amplitude are
applied to a linear expansion system. In
each case, the upper trace represents the
input. Gain was set identically for both
upper and lower traces in each scope
photo. In Fig. 4 we see a low-level signal
applied to the expander. and the output
is even lower in amplitude. In Fig. 5 the
input signal has been increased in
amplitude so that it is just about at the
“threshold™ point of the expander. and
the output level almost equals the input
level. A higher amplitude input signal
results in a still greater (expanded)
output signal, as shown in the lower

5 5 § R |

5 DA RO SRR ERD
FIG. S—~INPUT SIGNAL at _the threshoid point of
the expander is unchanged by the expansion
process.

trace of the scope photo in Fig. 6.
Obviously. such an expander can be
used effectively for listening to stored
program sources that are known to have
been compressed in one way or another.
But what if we were to try to record such
a program source onto tape. Our prob-
lems would be worse than before. Since
the low-amplitude signals have been
made still lower in amplitude. they will
be buried below the tape-noise thresh-
old. The loudest passages. that have
been further expanded. will push the
recording level right up into tape satura-
tion. Figure 7 shows the record/play-
back response from 20 Hz to 20 kHz at
0-dB recording level on a high-quality

cassette machine. Note the effects of

high-frequency tape saturation as we
approach the high-frequency end of the
spectrum. Not only is the output at-
tenuated. but. if we could examine the
actual waveforms above 5 kHz or so. we
would see that they are highly distorted.
So. expansion may be great for listening
to previously recorded programs. but
makes matters worse if it is first applied
to a program source that is to be
recorded on tape.

e e

1_&
¢
‘ ds a
FIG. 6~HIGH AMPLITUDE input signal (upper

trace) is increased (lower trace) by the expan-
sion process.

Compansion

Referring back to Fig. 1 and dbx’s
other innovative product—the 2:1/1:2
Compander (known as their /20 ser-
ies)—suppose we used both products in
series before making a recording. In
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FIG. 7-RECORD/PLAYBACK RESPONSE of a
cassette deck at a 0-dB recording level.

other words. if we first expanded our
program source (listening all the while
(0 make sure we had applied the correct
degree and rate of expansion) and then
applied the resultant signal to the 2:1
compressor and recorded it. we could

INCREASED DYNAMIC-RANGE is made possible by the dbx model 128.
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“contain” even the previously expanded
program source within the tape’s avail-
able 55 or 60-dB dynamic range.

Realizing that such a combination of
products couid actually deliver the age-
old audio dream of a “copy that sounds
better than the original”, dbx has now
come up with a new unit. the model 128.
Essentially. the product is nothing more
than a combination of their earlier
model 117 (or model 119) expander. and
their later /20 series 2:1/1:2 compander.
By combining both products in one. the
model 128 offers much simpler and
more flexible “patching in™ facilities.

With the new model /28, the audio
enthusiast can restore dynamic range to
a prerecorded program while reducing
playback noise. then copy the enhanced
program in dbx encoded format to
prevent the build-up of additional noise
(and to comain the newly arrived-at
extended dynamic range within the
limitations of the tape). Simply stated.
this new product makes it possible to
produce a tape copy that has greater
dynamic range and less noise (and
therefore sounds better) than the origi-
nal!

To illustrate the benefits of 2:1/1:2
companding. we used another capability
of our spectrum analyzer. It is possible
1o set the filters within the analyzer to a
manual mode. so that while the scope
beam sweeps across the screen. the
filters are fixed to a pre-determined
frequency. We set the filter to pass a |-
kHz signal and made a continuous
recording of that tone at a level that
would have corresponded to tape satu-
ration—the highest practical recording
level. In Fig. 8. therefore. the entire

FIG. 8—1 kHz INPUT SIGNAL at 0-dB reference
level (upper trace) causes tape saturation.
Record and playback of 1-kHz signal reduced to
— 60 dB results in output that is buried in tape
noise (lower trace).

upper trace represents the playback leve/
of this signal from our tape recording.
and all references to frequency on the
scope screen should be disregarded.
Storing this trace at the upper portion of
the screen. we then ran some tape while
attempting to record the same frequency
at a level 60-dB lower than before. The
resultant recording was played back.
and, as can be seen by the lower trace.

consisted almost entirely of random
noise (the low-level signal having been
“buried” below the noise of the tape).
Next. we repeated both recording
sessions. but this time the signals were
first fed to the model [28. with the
RECORD button depressed so as to apply
the fixed 2:1 compression. The recorded
levels obtained are shown in Fig. 9.

FIG. 9—-RECORD/PLAYBACK of 0 dB and — 60
dB 1-kHz input signals after fixed 2:1 compres-
sion.

Note, that our high-level signal shows
up during ordinary playback as being
some 12-dB lower than was the case in
Fig. 8. while our original —60-dB tone
now appears to be only some 30-dB
lower than the original 0-dB recorded
level. In other words. the difference in
amplitude between the high-level and
low-level recorded signals has been
reduced from 60 dB to 30 dB.

Next. the recordings were plaved-
back using the 1:2 expansion capability
of the dbx model 128. To do this. it is
simply necessary to push the pLay
button.

In Fig. 10 we see that the high-level
signal has been restored to its original
amplitude. But. in reproducing the low-
level (—60 dB) signal and displaying it

FIG. 10—RECORD/PLAYBACK of 0 dB and
—-60 dB 1-kHz input signals using fixed 2:1
compression to record and fixed 1:2 expansion
during playback. Comparison with Fig. 8 shows
reduction in noise.

as the lower trace. notice that this signal
now is quite definable as a straight line
and is no longer buried below the tape
noise as was the case when the
compress-expand sequence was not
used.

Finally. we returned to the sweep
mode of the spectrum analyzer and
made a frequency sweep from 20 Hz to
20 kHz at a level that previously
resulted in high-frequency tape satura- -
tion and attenuation (see Fig. 7). This
time. the signal was first compressed by
the dbx model 128. Results. during play-
back. are shown in Fig. 11. As expected.
the aciual recording level on the tape is
some 10-dB lower than in the case of
Fig. 7. and because of this lower

FIG. 11—FREQUENCY RESPONSE of a cas-
sefte deck at a 0—dB Input-signal level using
fixed 2:1 compression.

recording level. response is seen to
extend far bevond what it did in Fig. 7.
Since response on the actual tape is now
flat (and free of distortion caused by
lape saturation). it will remain so even
after it is expanded by the model 128.
From all our experiments and listen-
ing tests. it would appear that dbx. by
combining both dynamic range en-
hancement and compression-expansion
in a single instrument. has made it
possible for home recordists to actually
produce taped copies of any program
source that contain less noise and more
dynamic range than the originals. R-E

NBS modifies time broadcasts

Beginning February 1, 1977, the broad-
cast frequencies of the National Bureau of
Standards time-signal station WWV,
Boulder, CO will be 5, 10 and 15 MHz, and
those of WWVH, Kauai, Hawaii, will be 2.5,
5,10 and 15 MHz. The 2.5, 20 and 25 MHz
frequencies are abandoned on WWYV,
though the broadcasts on 2.5 MHz contin-
ue on WWVH. The changes are the result
of a survey that showed that the aban-
doned frequencies were seldom or never
used by most of the users of time
signals.

WWV and WWVH broadcasts include:
standard frequencies, Universal Time
Coordinated (UTC) second ticks, voice
announcements of UTC minute and hour,
storm information for portions of the
Atlantic and Pacific Oceans, Omega Navi-
gation System status announcements,
geophysical alerts of events in progress
and a summary of selected solar and
geophysical events in the past 24 hours. A
detailed description of the services pro-
vided may be obtained from the National
Bureau of Standards Time and Frequency
Services Section, Boulder, CO 80302.R-E



Radio-Electronics

-

2 ',ﬂii—

T L N .3 -
Rl |

= O g

‘/ /,_‘l !." k

CIRCLE 99 ON FREE INFORMATION CARD

Tests Yamaha CT-800 Tuner

LEN FELDMAN
CONTRIBUTING HI-FI EDITOR

SOME TIME AGO. YAMAHA INTRODUCED THEIR
CT-7000 tuner. a unit that features selectable
bandwidth and sells for around $1200.00.
There is a wide price gap between that
excellent product and the next tuner in their
line. the CT-800. and so we were curious to
learn whether the performance of this much
lower priced unit came anywhere near that of
the higher priced model. In many respects it
does. and there is evidence of the same
careful design and engineering that seems to
be typical of Yamaha's most recent
products.

The front panel of the CT-800. shown in
Fig. 1. is all one color. including the back-
plate behind the long. narrow dial-area
cutout. The FM dial scale is linearly cali-
brated. with markings at every quarter of a
megahertz. Below is a convenience logging
scale, while below that is a non-linear AM
frequency scale with markings at every 50
kHz. The dial pointer resembles the familiar
hair-line slider.

To the right of the frequency scales. but
still within the dial area opening. are three
red indicator lamps. The upper one lights
when tuning to an incoming stereo signal. the
lower one lights when power is applied to the
tuner. while the middle indicator is asso-
ciated with Yamaha's wunique AFC
(Automatic  Frequency Control)  circuit.
When a user touches the large tuning knob at
the lower right of the panel. this AFC light
dims (even in the presence of a received
signal). indicating that the internal AFC
circuit has been defeated by touching the
knob. When center-of-channel tuning has
been accomplished with the aid of the zero-
center tuning meter below and vour fingers
let go of the knob. the light brightens. indi-
cating proper tuning. The light is off alto-
gether in the absence of a signal. or when

tuning to extremely weak signals.

The second meter adjacent to the center-
of-channel tuning meter is a conventional
signal-strength meter. The center-of-channel
tuning meter is actually calibrated in kHe
from 0 to 150. to indicate actual departure
from center tuning. Other controls along the
lower section of the front panel include a
toggle-type on/off’ switch. an OUIPLT LEVEL
control. a muting threshold LtveL control
(interstation noise silencing is variable on this
tuner to take care of different reception
conditions). an associated MUTING on/off
switch. a HiGH BLEND switch (that reduces
noise in weak-signal stereo FM reception at
the expense ot high-frequency stereo separa-
tion) and a three position +UNCTION swilch
for AM. FM MONO. OF FM AUTO -STEREO selec-
tion.

The rear panel of the CT-800 is shown in
Fig. 2. Screw type terminals are provided for
external AM. 300-ohm and 75-ohm FM
antenna connections. A coaxial connector
duplicates the 75-ohm terminals for transmis-

sion lines equipped with that type of plug.
Fixed and variable pairs of output jacks

come next. the latter controlled by the front

panel volume control. A jack labelled 1+ our

is. in reality. a detector output jack ahead of

any de-emphasis or multiplex decoding
circuitry and is intended for possible use with
a 4-channel FM decoder if and when the
FCC approves one of the several 4-channel
systems currently under investigation.

MANUFACTURER'S PUBLISHED SPECIFICATIONS:

IHF Usable Sensitivity: Mono: 1.7 uV (9.8 dBf). DIN Stereo Sensitivity: 40 pV (for 40
kHz deviation, 46 dB S/N). Quieting Slope: 55 dB at 5 uV (19.2 dBf); 60 dB at 10 puV
(25.2 dBf). Selectivity: 80 dB. Capture Ratio: 1.0 dB. Signal-to-Noise Ratio: Mono: 75
dB; Stereo: 72 dB. Frequency Response: 20 Hz to 15 kHz, + 1.5 dB. AM Rejection: 55
dB. IF Rejection: 100 dB. Image Rejection: 90 dB. Spurious Rejection: 100 dB. Total
Harmonic Distortion: Mono: 0.15% at 400 Hz; Stereo: 0.3% at 400 Hz. Stereo
Separation: 45 dB at 1 kHz, 35 dB from 50 Hz to 10 kHz. Subcarrier Rejection: 60 dB.
Muting Threshold: Variable, from 10 uV to 50 uV. AM Sensitivity: 25 uvV. AM
Selectivity: 30 dB. AM S/N Ratio: 45 dB. AM Image Rejection: 70 dB. AM THD: 0.8%.
Power Requirements: 120 V, 50/60 Hz, 12 watts. Dimensions: 17'/4 W x 52 H x
12-%+inches D. Net Weight: 16'/; Ibs. Suggested Retail Price: $370.00.

Two more jacks are intended for connec-
tion to the horizontal and vertical inputs of
an oscilloscope. The display obtained when
such connections are made is useful for prop-
erlv orienting vour antenna for minimum
multipath distortion. A line fuscholder and
one unswitched convenience AC receptacle
are located at the night end of the rear panel.
The usual pivotable AM ferrite-bar antenna
completes the rear panel lavout. An internal
view of the CT-800 chassis is shown in Fig. 3.
Connection of possible associated equipment
is illustrated in Fig. 4.

FM performance measurements

The major FM performance measurements
of the Yamaha CT-800 is listed in Table 1. OF
particular interest is the quieting character-
istic of this tuner. Note that only 2.4 uV (12.8
dBf) of signal strength was required to
achieve the 50-dB quieting point. It is unfor-
tunate that Yamaha chose not to conform to
the new IHF/IEEE/EIA Tuner Standards in
their published specifications. shown else-
where in this test report. Perhaps they have
not had time to reprint the owner’s manual to
take into account these more meaningful
specifications. although they did manage to
publish the less stringent standard DIN spec-
ifications used in Europe.

Mono and stereo ultimate signal-to-noise
ratios (84 dB and 72 dB. respectively) are as
good as any we have been able to measure on
any tuner or receiver and we were somewhat
amazed at Yamaha's conservatism at rating
the mono §;N figure at only 75 dB. The one
area that could bear improving is the AM
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Comments: Yamaha has managed to incorporate much of the performance capability of their much

RADIO-ELECTRONICS

TABLE |
RADIO-ELECTRONICS PRODUCT TEST REPORT
Manutacturer: Yamaha Model: CT-800
FM PERFORMANCE MEASUREMENTS
SENSITIVITY, NOISE AND R-E R-E
FREEDOM FROM INTERFERENCE Measurement Evaluation
IHF sensitivity, mono (uV) (dBf) 1.7 (9.8) Excellent
Sensitivity, stereo (pV) (dBf) 10.0 (25.2) Good
50-dB quieting signal, mono (uV) (dBf) 2.4 (12.8) Superb
50-dB quieting signal, stereo (uV) 33 (35.6) Very good
Maximum S/N ratio, mono (dB) 84 Superb
Maximum S/N ratio, stereo (dB) 72 Excellent
Capture ratio (dB) 1.0 Excellent
AM suppression (dB) 55 Fair
Image rejection (dB) 95 Very good
IF rejection (dB) 100 Excellent
Spurious rejection (dB) 100 Excellent
Alternate channel selectivity (dB) 82 Very good
FIDELITY AND DISTORTION MEASUREMENTS
Frequency response, 50 Hz to 15 kHz (+dB.) 1.5 Fair
Harmonic distortion, 1kHz, mono (%) 0.15 Very good
Harmonic distortion, 1kHz, stereo (%) 0.12 Excellent
Harmonic distortion, 100 Hz, mono (%) 0.18 Very good
Harmonic distortion, 100 Hz, stereo (%) 0.17 Excelient
Harmonic distortion, 6 kHz, mono (%) 0.21 Good
Harmonic distortion, 6 kHz, stereo (%) 0.35 Very good
Distortion at 50 dB quieting, mono (%) 0.8 Good
Distortion at 50 dB quieting, stereo (%) 0.35 Very good
STEREO PERFORMANCE MEASUREMENTS
Stereo threshold (xV) (dBf) 10.0 (25.2) Good
Separation, 1 kHz (dB) 45 Excellent
Separation, 100 Hz (dB) 39 Very good
Separation, 10 kHz (dB) 36 Excellent
MISCELLANEOUS MEASUREMENTS
Muting threshold (zV) (dBf) 13 to 65 (27.5 to 41.5) Good
Dial calibration accuracy (+kHz @ MHz) ~04 @ 108 Poor
EVALUATION OF CONTROLS,
DESIGN, CONSTRUCTION
Control layout Excellent
Ease of tuning Superb
Accuracy of meters or other tuning aids Excellent
Usefulness of other controls Very good
Construction and internal layout Excellent
Ease of servicing Very good
Evaluation of extra features, if any Excellent
OVERALL FM PERFORMANCE RATING Excellent
TABLE 1l
RADIO-ELECTRONICS PRODUCT TEST REPORT
Manufacturer: Yamaha Model: CT-800
OVERALL PRODUCT ANALYSIS

Retail price $370.00

Price category Medium /high

Price/performance ratio Excellent

Syling and appearance Excellent

Sound quality Excellent

Mechanical performance Very good

more expensive CT-7000 tuner in this lower priced model. We were particularly
impressed with their very sophisticated AFC circuit which oftered the advantages of
automatic frequency control without its disadvantages. Unlike other AVC circuits (whicn
usually make it impossible to tune to a weak signal that is close in frequency to a strong
one), this one allowed us to accurately tune and hold signals at all levels. The double set
of outputs was also welcome, since it permits connection of the variable amplitude
outputs to the rest of the hi-fi component system while the fixed level output jacks can be
connected directly to a tape recorder without interposing other components that might
introduce distortion. In considering selection of a high-quality tuner for one's own
component high-fidelity system, it is important to evaluate available program sources in
relation to the performance capability of the tuner. Unfortunately, with few exceptions.
FM broadcasting in the United States has undergone serious deterioration in the past
several years. In many instances, tuners have greater performance capability than do
typical FM broadcast installations. Thus, even if one purchases Yamaha's much higher
priced tuner, or those of other makers in a simitar high price category, chances are that
performance will be limited by the broadcast situation rather than the tuner’'s capability. It
would seem, then, that this medium priced tuner would be a good choice for one who is
serious about FM listening. It certainly can handle the present signals we are receiving
and should be capable of better reproduction even if more and more stations clean up
their studio and transmitter practices.

N
o

suppression capability that figures impor-
tantly in multipath rejection. In the case of
this tuner. the AM suppression measured
only 55 dB. exactly as claimed. For their
much more expensive CT-7000. this figure is
specified at 60 dB. Other rejection figures
were excellent. and alternate channel selec-
livity was a high 82 dB.

The slight drop-off in frequency response
at 15 kHz (= 1.5 dB) is due. in part. to the
excellent 19-kHz rejection filter. We saw no
evidence of carrier leak-through when mak-
ing stereo noise and distortion measure-
ments.

As for harmonic distortion. we have
measured lower figures on other tuners. but
not much lower. Surprisingly. the single-
figure reading obtained for mid-frequencies
in mono was higher (0.15%) than that
obtained with the same modulating frequen-
¢y in the stereo mode (0.12%). Since this is
not typical of results we have obtained with
the majority of tuners and receivers mea-
sured. we decided to look further into the
matter and investigated the harmonic content
by means of our spectrum analyzer.

The twll spike in Fig. S represents the
fundamental. desired 1-kHz tone as recov-
ered from the tuner. The smaller peaks to the
right indicate the amounts of second and
third harmonic present in the signal. Each
vertical division in the display represents a 10
dB change in amplitude. As can be seen in
Fig. 5. the second harmonic in the mono
I kHz signal is some 60 dB below the funda-
mental. while the third harmonic is approxi-
mately 65-dB below the reference output
level. and. there are no visible higher-order
harmonics present.

In the case of the recovered stereo 1-kHz
signal (Fig. 6). the second harmonic is signif-
icantly lower than for the mono signal. the
third harmonic is the same. but we sce
evidence of fourth harmonic contribution
and even a minute amount of fifth harmonic.
While the single-number reading in stereo
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seems better or lower than the reading in
mono. these displays show that the audible
effects of that distortion may be quite
different for mono and stereo. Of course. in
the case of this Yamaha tuner. both the mono
and stereo THD are so low as to be insignif-
icant. but the importance of identifying the
nature of harmonic distortion in general is
well illustrated by these disparities and the
related scope photos. For those curious about
the “pips” appearing to the left of the funda-
mental in each scope photo. it should be
pointed out that these are simply 60-Hz hum
(and its harmonics) that is caused by external

pickup and is nor being produced by the
tuner under test.

Dial calibration was ofl’ by anywhere from
0.1 MHz (at the 88 MHz end of the dial) to
0.4 MHz (at the high end of the dial) on our
sample. In view of the long and well-
calibrated dial scales provided on this tuner.
we would hope that this is not representative
of typical units and that frequency alignment
is better maintained as a general rule by final
testers of the product.

Use and listening tests
Tuning action is extremely smooth and

easy with the Yamaha CT-800. We felt that
the minimum setting of the muting control
could have been even a bit lower (ours
measured 13 uV). especially in view of the
excellent quieting slope of the tuner and
because those requiring a higher threshold
setting could easilv achieve it with the aid of
the muting LEVEL control. As it is. to really
pick up those distant weak signals we had (o
operate with the mMUTE switch in the OFF
position. Even at signal strengths of 10 uV
quieting was well above 60 dB and such
signals were reccived with low enough distor-
tion to enjoy them monophonically. The 10
uV level is also the stereo switching threshold.
at which point stereo signals have atready
been “quieted” to 40-dB below 100%
modulation

The high-blend switch does reduce back-
ground noise for weak signals and. to our
ears al least. its use did not seriously affect
stereo separation. We did detect a slight roll-
off at the extreme low end that showed up
only on program material containing ultra-
low bass. A recheck of low-end frequency
response disclosed that there is indeed a roll-
off of some 1.5 dB at 30 Hz. the lowest
frequency normally broadcast over FM

Our overall product analysis. taking price
and performance into account. is listed in
Table 1l. together with our summary
comments. Based upon present FM broad-
cast practices. we strongly doubt whether
anyone would need a better tuner than the
Yamaha CT-800. We do wish they had seen
fit to incorporate the alternate 25-microsec-
ond de-emphasis needed for proper enjoy-
ment of Dolby FM broadcasts. but there are
available external passive add-on networks
that can perform this transition and. although
they do reduce output level. the Yamaha has
plenty of output to dnive most preamplifier
and amplifiers to rated output R-E

Kenwood KR-7600AM/FM Receiver

FM TUNER SECTION

MANUFACTURER’S PUBLISHED SPECIFICATIONS:

Usable Sensitivity: 1.7 uV (9.8 dBf). 50-dB Quieting: mono, 3.0 uV (14.8 dBf); stereo
37 uV (36.6 dBf). S/N Ratio: mono, 75 dB; stereo, 70 dB. THD 1 kHz: mono, 0.15%;
stereo, 0.25%. Capture Ratio: 1.5 dB. Selectivity: 80 dB. IF Rejection: 100 dB. Image
Rejection: 85 dB. Spurious Rejection: 85 dB. AM Suppression: 65 dB. Frequency
Response: 20 Hz to 15 kHz, + 0.5, — 1.5 dB. Muting Threshold: 2.2 uV (12.0 dBf).
Stereo Separation: 1 kHz, 40 dB; 50 Hz to 10 kHz, 35 dB. Subcarrier Rejection: 65
dB

AM TUNER SECTION
Usable Sensitivity: 20 uV (external antenna). S/N Ratio: 50 dB. Image Rejection: 45
dB. Selectivity: 35 dB. IF Rejection: 35 dB.

AMPLIFIER SECTION
Rated Power Output: 80 watts continuous per channel, 8 ohms. Power Bandwidth:
20 Hz to 20 kHz. Rated Harmonic Distortion: 0.3% (0.05% at 1 watt). Rated IM
Distortion: 0.3% (0.1% at 1 watt). Damping Factor: 45. Input Sensitivity: Phono, 2.5
mV; Aux and Tape, 150 mV; Mike, 1.5 mV. Phono Overload: 180 mV (1 kHz). S/N
Ratio (IHF A-weighted): Phono, 75 dB; Aux and Tape, 90 dB; Mike, 65 dB. Frequency
Response: Phono, RIAA +0.5 dB; Aux and Tape, 20 Hz to 50 kHz, — 1dB; Mike, 70
Hz to 20 kHz, — 3 dB. Bass Control Range: + 8 dB at 100 Hz. Treble Control Range:
8 dB at 10 kHz. Acoustic/Presence: +3 or +6 dB at 50 Hz and 800 Hz
(selectable). Low- and High-Cut Filter: — 10 dB at 100 Hz and 10 kHz

GENERAL SPECIFICATIONS
Power Requirements: 120 volts, 60 Hz, 550-watts maximum. Dimensions: 20z W X
52 H X 14%-inches D. Net Welght: 38.1 Ibs. Suggested Retail Price: $529.95
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CIRCLE 101 ON FREE INFORMATION CARD

KENWOOD'S EXCELLENT REPUTATION FOR CON.-
sistently good high-fidelity component de-
signs and products should be further
enhanced with the introduction of their
newest line of sterco receivers. Rather than
test their highest powered mode! KR-9600, we
thought it might be more interesting to see
Just how much performance and control flex-
thility they managed to incorporate in the
“second-from-the-top™ mode! KR-7600.
shown in Fig. |

Although the traditional *“black-out™ dial
area has been preserved from earlier designs.
the front panel has a very clean. squared off
look that is both contemporarv in feel and
devoid of meaningless frills. The metallic
side-pieces can be replaced with optional
handles. if desired. The framed dial-area
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Advanced Electronics

There is no doubt television repair can

be an interesting and profitable career
field. TV repair, however, is only one of
the many career areas in the fast growing
field of electronics.

As an indication of how career areas
compare, the consumer area of electron-
ics (of which TV is a part) makes up less

et than one-fourth of all electronic equip-
ment manufactured today. Nearly twice
as much equipment is manufactured for
the communications and industrial fields.

Still another area larger than consumer
electronics is the government area. That
is the uses of electronics in such areas as

hd research and development, the space
program, and others.

Just as television is only one part of

the consumer field, these other fields of

electronics are made up of many career

areas. For example, there are computer
electronics, microwave and satellite

communications, cable television, even
the broadcast systems that bring pro-
grams to home television sets.

As you may realize, career oppor-

tunities in these other areas of electron-
ics are mostly for advanced technical
personnel. To qualify for these higher
level positions, you need college-level

@
training in electronics. Of course, while
it takes extra preparation to qualify for
® these career areas, the rewards are
greater both in the interesting nature of

the work and in higher pay. Further-
more, there is a growing demand for
personnel in these areas.

Unlike most other home study schools,
CREI programs are devoted exclusively
to preparing you for careers in advanced
electronics. All of CREI programs are

|| level. And CREI gi both
CREI prepares you at hOMe theon and practical experience in ad-

vanced electronics.
for broader and more advanced Unique Deslign Lab

sa® . . A unique feature of CREI training is its
Opportunltles in eleCtron ICS—  Electronic Design Laboratory Program,
. which trains you to actually design cir-
plus offers you special arrangements cuis. it also helps you understand the
theories of advanced electronics and
: : gives you extensive practical experience
for englnee"ng deg rees in such areas as tests and measurements,
breadboarding, prototype construction,
circuit operation and behavior, charac-
teristics of electronic components and

how to apply integrated circuits.

2




Career Training at Home

Only CRELI offers this unique Lab
Program. It is a complete college lab
and, we believe, better than you will find
in most colleges. The “Lab" is one of
the factors that makes CREI training
interesting and effective. And the pro-
fessional equipment in this program be-
comes yours to keep and use throughout
your professional career after you com-
plete the training.

Engineering Degree

CREI offers you special arrangements
for eaming credit for engineering de-
grees at certain colleges and universities
as part of your home study training pro-
gram. An important advantage in these
arrangements is that you can continue
your full time job while “*going to college™
with CREI. This also means you can
apply your CREI training in your work
and get practical experience to qualify
for career advancement.

Wide Choice of Programs
CREI gives you a choice of specializa-
tion in 14 areas of electronics. You can
select exactly the area of electronics
best for your career field. You can spe-
cialize in such areas as computer elec-
tronics, communications engineering,
microwave, CATV, television (broad-
cast) engineering and many other areas
of modem electronics.

FREE Book

In the brief space here, there isn't room
to give you all of the facts about CREI
college-level, home study programs in
electronics. So we invite you to send for
our free catalog (if you are qualified to
take a CREI program). The catalog has
over 80, fully illustrated pages describ-
ing your opportunities in advanced elec-
tronics and the details of CREI home
study programs.

Qualifications

You may be eligible to take a CREI col-
lege-level program in electronics if you
are a high school graduate (or the true
equivalent) and have previous training
or experience in electronics. Program
arrangements are available depending
upon whether you have extensive or
minimum experience in electronics.

Send for this FREE Book
describing your opportunities
and CREI college-level

programs in electronics

Mail card or write describing qualifications to Gl Bill
CREL programs

c API TOL are approved

RADIO for lrainingl of
veterans ana

E N G ! N EERI N G servicemen under

INSTITUTE the G.I. Bill.

McGraw-Hill Continuing Education Center

3939 Wisconsin Avenue Northwest

Washington, D.C. 20016 X T’
wi

Accredited Member National Home Study Council
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illuminates in blue (frequency numerals). TABLE 1

orange (meter areas) and white (logging RADIO-ELECTRONICS PRODUCT TEST REPORT

scale) when power is applied. Above the

linear FM-frequency and the conventional Manutacturer: Kenwood Model: KR-7600
AM-frequency scales are a series of illumi- FM PERFORMANCE MEASUREMENTS

nated words lhfn qem)le the program source ST, LR A1) E e
sl el ke (e prassie of o FREEDOM FROM INTERFERENCE Measurement Evaluation

received stereo FM signal. The dial pointer is

. . . . - IHF sensitivity, mono: (uV) (dBf 1.7(98 Excellent
tlluminated by tiny LED's. Rather surprising- Sensitivity. stireo (;N)(l(‘déf() ) 15.0 528-)7) Fair
ly. Kenwood did not provide calibration 50 dB quieting signat, mono (uV) (dBf) 2.6 (135) Excellent
marks on the FM scale itself. preferring to 50 dB quieting signal, stereo (uV) (dBf) 38 (36.8) Fair
denote every second megahertz by a numer- Maximum S/N ratio, mono (dB) 75 Excellent
al. Referencing of favorite. closely spaced Maximum S/N ratio, stereo (dB) 69 Very good
stations must therefore be made using the Capture ratio (dB) 15 Excellent
arbitrary log-scale below. :\M supprests_|on (:BB) gg vs“pe"’d
The lower por_lion of lhe main dialjarea I':argﬁégf:('g;)( ) 100 + EexZe?I::l
cutout has a pair of tuning meters (signal Spurious rejection (dB) 88 Good
strength and center-of-channel) as well as Alternate channel selectivity (dB) 82 Excellent
cight identical pushbuttons (in clusters of FIDELITY AND DISTORTION MEASUREMENTS
three, three and two). The left-most pushbut- Frequency response, 50Hz to 15 kHz (+dB) +0, -15 Very good
tons handle low- and high.cu[ filters and Harmonic distortion, 1 kHz, mono (%) 0.13 Excellent
tone-control bypass or defeat. Three more | - FAROtS SEORCR (A SRCR (0, 011 Excettont
. -h: moni , . 5
pushbuuons LRGeS © s revefse: S/ Harmonic distortion, 100 Hz, stereo (%) 0.30 Very good
stereo mode and loudness compensation. The Harmonic distortion, 6 kHz, mono (%) 0.25 Good
remaining two pushbuttons provide s:clcc- Harmonic distortion, 6 kHz, stereo (%) 0.57 Good
table FM de-emphasis (75 ps for ordinary Distortion at 50-dB quieting, mono (%) 0.75 Good
listening: 25ps for Dolbyized FM programs) Distortion at 50-dB quieting, stereo (%) 0.5 Very good
and FM muting. While Dolby circuitry is not STEREO PERFORMANCE MEASUREMENTS
actually built into the unit. a provision is Stereo threshold (uV) (dBY) 12.0 (26.8) Fair
made for connection of an appropriate Separation, 1 kHz (dB) 45 Excellent
adapter that is used with the 25-ps position of Separation, 100 Hz (dB) 44 Excellent
q . Separation, 10 kHz (dB) 39 Superb
the de-emphasis button is used. MISCELLANEOUS MEASUREMENTS
Controls along the brushed-aluminum Muting threshold (uV) (dBf) 2.3 (12.4) Excellent
lower portion of the front panel include Dial calibration accuracy (*kHz at MHz) 0.2 Good
seven identical rotary knobs (all of them EVALUATION OF CONTROLS,
metal-turned). three lever switches and a tiny DESIGN, CONSTRUCTION
microphone level control that. when pulled Control layout Excellent
outward. connects a microphone input jack Ease of tuning . ) Very ?°°d
located just below it so that microphone Gccuracy of meters or other tuning aids Excellent
r . . sefulness of other controls Excellent
signals can be mixed into anyv other program Construction and internat layout Superb
source. The larger rotary knobs handle Ease of servicing Excellent
SPEAKER selection (including an oFF position Evaluation of extra features, if any Excellent
for headphone-only listening). BASS. TREBLE. OVERALL FM PERFORMANCE RATING Very good
BALANCE. VOLUME. a TAPE switch for moni-
toring and dubbing. and a program SELECTOR ASPEAKER SYSTEMS B SPEAKER SYSTEMS C SPEAKER SYSTEMS
(including two phono inputs). The toggle LEFT RIGHT CE TR 1 G T CEET RIGHT

switches turn on power and introduce fixed
amounts of boost at 50 Hz and 800 Hz—a
feature that Kenwood calls its acoustic
control. The usual stereo phone jack is
located near the SPEAKER switch.

All connection terminals on the rear panel
of the KR-7600 are recessed sufficiently so
that the entire receiver can be pushed up
against a wall without damaging plugs.
cutting wires. etc. Since heat sinks are well
forward of the rear panel and contained
within the chassis itself. such placement poses
no hazards thermally or otherwise. Rear-
panel facilities include the aforementioned ADAPTOR (i
PHONO and AuX input jacks. two sets of TAPE 6—=O @_@ © I % Eq H B H E'ﬁ}
pLAY and Tapk and REC jacks. and ADAPTER o e M s T = b AT
oUT and ADAPTER IN jacks (for a Dolby add- ST e Y e DETQOUT
on or a 4-channel decoder. or even a graphic ANTENNA
equalizer) that are interconnected by means
of solid-wire jumpers when not used. One set [ AlX TAPE A TAPE B
of TAPE REC and TAPE PLAY jacks is duplicated e |® | (o }l—e ™= r']
in the form of a DIN multi-pin socket. Three ° _.J
sets of speaker terminals of the spring-key
type are located at the right. above three — SR——————
convenience AC outlets (one switched. two
unswitched) and the external aM. 75-oHMm
and 300-ouM FM antenna terminals. An FMm
DETECTOR jack is also provided for possible
future use with 4-channel FM adapters. A
ground terminal is located just above the
PHONO input jacks. To have mounted a pivo- A TURNTABLE A TAPE DECK
table AM ferrite antenna bar on the rear
panel would have defeated the advantage of /K
the recessed rear panel. so this necessary 3 LLHARL
STATION

Led k|

B TURNTABLE

B TAPE DECK

AM
ANTENNA

T FM INDOOR
ANTENNA

FM QUTDOOR
ANTENNA




TABLE Il

RADIO-ELECTRONICS PRODUCT TEST REPORT

Manutacturer: Kenwood

Model: KR-7600

AMPLIFIER PERFORMANCE MEASUREMENTS

R-E R-E

POWER OUTPUT CAPABILITY Measurement Evaluation
RMS power/channel, 8-ohms, 1 kHz (watts) 90 Excellent
RMS power/channel, 8-ohms, 20 Hz (watts) 86 Excellent
RMS power/channel, 8-ohms, 20 kHz (watts) 85 Excellent
Frequency limits for rated output (Hz-kHz) 15-30 Excellent
DISTORTION MEASUREMENTS
Harmonic distortion at rated output, 1 kHz (%) 0.07 Excellent
Intermodulation distortion, rated output (%) 0.26 Good
Harmonic distortion at 1 watt output, 1 kHz (%) 0.03 Excellent
Intermodulation distortion at 1 watt output (%) 0.03 Excellent
DAMPING FACTOR, AT 8 OHMS 45 Very good
PHONO PREAMPLIFIER MEASUREMENTS
Frequency response (RIAA + dB) 0.5 Good
Maximum input before overload (mV) 185 Very good
Hum/noise referred to full output (dB)

(at rated input sensitivity) 78 Excellent
HIGH LEVEL INPUT MEASUREMENTS
Frequency response (Hz-kHz,+ dB) 15-47, 1.0 Excellent
Hum/noise referred to full output (dB) 86 Very good
Residual hum/noise (min. volume) (dB) 91 Very good
TONAL COMPENSATION MEASUREMENTS
Action of bass and treble controls See Fig. 8 Very good
Action of secondary tone controls See Fig. 9 Excellent
Action of low frequency filter(s) See Fig. 10 Fair
Action of high frequency fiiter(s) See Fig. 10 Fair
COMPONENT MATCHING MEASUREMENTS
Input sensitivity, phono 1/phono 2 (mV) 27727
Input sensitivity, auxiliary input(s) (mV) 170
Input sensitivity, tape input(s) (mV) 170
Output level, tape output(s) (mV) 170
Output level, headphone jack(s) (V or mW) 0.44/8 ohms
EVALUATION OF CONTROLS,
CONSTRUCTION AND DESIGN
Adequacy of program source and monitor switching Very good
Adequacy of input facilities Excellent
Arrangement of controls (panel layout) Good
Action of controls and switches Excellent
Design and construction Excelent
Ease of servicing Very good
OVERALL AMPLIFIER PERFORMANCE RATING Very good

TABLE It

RADIO-ELECTRONICS PRODUCT TEST REPORT

Manufacturer: Kenwood

Model: KR-7600

OVERALL PRODUCT ANALYSIS

Retail price $529.95
Price category Medium/high
Price/performance ratio Excellent
Styling and appearance Very good
Sound quality Excellent
Mechanical performance Excellent

Comments: Kenwood's objective in designing this receiver seems to have been to offer to

consumers every bit as much flexibility from a receiver as they might obtain from a
separate tuner and amplifier. They have succeeded in nearly every aspect of this
goal. Physically, the unit has internal and external design touches which set it apart
from the usual receiver. The recessed rear panel is an example of good design that
should have long ago been thought of by component manufacturers. Controls are
well organized on the front panel, with the exception of the volume control which
seems to get lost among similarly styled and sized controls and takes a bit of getting
used to. Rather than complicate the front panel with secondary rotary controls or
multiple-turnover switches, Kenwood's addition of discrete "boost’ lever switches
for ultra-low and midrange presence augmentation is a novel and useful new control
approach. We listened to the KR-7600 for the better part of a full week, using it to
drive both low- and high-efficiency speaker systems. Transient response was very
good, and bass was tight and well controlled. The particularly steep quieting
characteristics of the FM-tuner section enabled us to log more than 50 listenable
mono and stereo signals in our listening area, and the high selectivity permitted
such a high count without adjacent or co-channel interference. Two minor points of
criticism are in order. The "jumpers" associated with the adapter jacks are a bit of a
nuisance. Had a shorting slide switch been substituted, the jacks could have served
additional functions (such as separation of the preamp input section from the rest of
the amplifier) which are otherwise not provided for on the rear panel. It would have
been nice, too, if one more position had been offered on the speaker switch, which
would have allowed simultaneous operation of “speakers A" and "'speakers C." As
it is, only Speakers A and B can be listened to simultaneously. Offsetting these minor
points are the excellent audible performance, the considerable flexibility and, what
has come to be called the high performance/cost ratio of this latest effort from
Kenwood.

component is located within the chassis itself.
Since the rear panel is non-metallic. this
poses no problem as far as AM reception is
concerned.

A partial view of the inside of the KR-7600
chassis is shown in Fig. 2. A four-section
tuning capacitor is used for the FM and
MOSFET RF stages. A three-stage six-

Sk

element linear phase [F-filter arrangement
and integrated circuitry are used in the FM
IF section, followed by a quadrature-detector
circuit that feeds a phase-locked-loop muiti-
plex-decoder circuit. The equalizer/pream-
plifier uses operational-amplifier 1C’s. as do
the tonme control stages that follow. The
direct-coupled circuit of the main power-
amplifier section uses complementary pairs
of NPN-PNP transistors for both the driver
and power-output stages. An elaborate
protection circuit arrangement prevents pos-
sible damage from overload conditions and
includes gold-plated contact relays for speak-
er protection.

Figure 3 shows the variety of components
that can be connected to and used with this
receiver. Not shown are the possible Dolby or
other adapters and accessories that might be
interconnected via the extra adapter jacks. il
the jumpers are removed. In such applica-
tions, the accessory device must always be
connected to provide a feed-through path for
the program signals. otherwise the jumpers
must be reconnected.

Tuner measurements

Table | summarizes results obtained from
measurements made of the FM-tuner section
of the receiver. Usable and 50-dB quieting
sensitivities were excellent. Stereo figures
were a bit poorer. as might ke expected. but
came close to meeting the published specifi-
cations tor noise. THD and 50-dB quieting. It

is possible that a slight misalignment may
have been responsible for the relatively high
stereo sensitivity and threshold figures.
although they certainly cannot be faulted in

terms of absolute numbers obtained.
Separation was far better than claimed.
continued on page 82
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-l b DUAL 512 STAGE ANALOG DELAY LINE

The SAD-1024 is a general-purpose Serial Analog Delay device fabricated using N-channel silicon-
gate technology in a bucket-brigade configuration to obtain flexible performance at low cost,

KEY FEATURES: TYPICAL APPLICATIONS:

® Two independent 512-stage delay sections. ® Voice control of tape recorders.

® Clock-controlled delay: 0.5 second to less ® Variable signal control of amplitude or of
than 200 us. equalization filters.

® N-channel silicon-gate bucket-brigade ® Reverberation effects in stereo equipment.
technology. ® Tremolo, vibrato, or chorus effects in electronic

® Designed for self-cancellation of clocking musical instruments.
modulation. ® Variable or fixed delay of analog signals.

® Wide signal-frequency range: 0 to more than ® Time compression of telephone conversations
200 kHz. or other analog signals.

® Wide sampling clock frequency range: 1.5 kHz ® Voice scrambling systems.

to more than 1.5 MHz.

Wide dynamic range: S/N > 70 dB.

Low distortion: less than 1%.

Low noise: typically limited by output amplifier.
Single 15 volt power supply.

SN AT W SR GRS SN o SRR SRS

DEVICE DESCRIPTION

packaged in a standard 16-lead dual-in-line package with pin config-

The SAD-1024 is a dual 512-stage Bucket-Brigade Device (BBD). uration as shown in Fig. 1. Only Vdd and GND are common to
Each 512-stage section is independent as to input, output and clock. the two separate delay sections. Fig. 2 shows the functional equiv-
The sections may be used independently, may be multiplexed to alent circuit diagram. Some of the many applications are fisted
give an increased effective sample rate, may be connected in series above.

to give increased delay at a fixed sample rate or may be operated in
a differential moge for reduced even-harmonic distortion and . -
reduced clocking noise. Each section has its output spiit into two ¢ } L a— * ) v

channels so that in normal operation, output is provided over each T — | 1 T \

full clock period. The SAD-1024 is manufactured using N-channel 1 |
silicon-gate technology to fabricate a chain of MOS transistors and 5
storage capacitors into a bucket brigade charge-transfer device. It is
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ouT A || our B I DRIVE AND VOLTAGE REQUIREMENTS
ﬂ
| | Normal voltage levels and limits are given in the tabular specifica-
| Vg 1 0[] ¢yq tions. Clock inputs are two-phase squarewaves (¢, is the comple-
{ ! ment of ¢1) which swing between ground and Vyqg- The two Vyd
! I inputs {pins 7 and 9) should be connected together to a single power
$1a ] Vdd supply. Unused outputs only should be connected to Vdd" other
| ] unused terminals (including those marked N.C.) should be connected
Figure 1. Pin Configuration. Note: Unused outputs should be connected to Vgg: all to ground.
other unused pins should be connected 10 GND, Pin 1. including those marked NG The input analog signal is connected through the first MOS transistor



DEVICE CHARACTERISTICS AND OPERATING PARAMETERS

PARAMETER SYMBOL MIN
Clock Voltage' ?1 ¢, 10
Drain Supply ’

Voltage’ Vdd 10
Sampling Freq. Fe1. Foo 0.0015
Clock Rise

Time ter
Clock Fall

Time th
Clock Line

Cap Ce
Signal Freq.

Bandwidth See Fig. 7

(3dB point)

Signal to Noise See Fig. 4
Distortion See Fig. 5
Gain?

Video Input

Capacitance Cin
Video Input

Shunt Resistance® Rin
Output Resistance 5 See Fig. 6
input Bias*

ABSOLUTE MAXIMUM VOLTAGES
TERMINAL LIMITS UNITS
Any terminal® +20 to 0.4 volts

Notes:

1. Al voltages measured with respect to GND (pin 1).

2. The value of gain depends on the output termination resistance. See Fig. 6

3. Effective AC shunt resistance measured at 1 MH2.

4. The input bias voltage varies slightly with the magnitude of the clock voltage (and
V?d’ and may be adjusted for optimum linearity at maximum signal level. The
value shown is nominal for 15 voit clocks.

TYP MAX UNITS
15 17 volts
15 17 volts
- 15 MHz
30 ns
50 ns
110 pF
200 kHz
1.2
7 pF
200K ohms
+6 volts
CAUTION

Static discharge to any lead of this device may cause permanent
damage. Store with shorting clip or inserted in conductive foam.
Use grounded soldering irons, tools, and personnel when handling
devices. Avoid synthetic fabric smocks and gloves. It is recom-
mended that the device be inserted into socket before applying

power.

SPECTAuM
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5K 5K
nts'(c“rl o N 112 “ or T
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WPG518 SAD 1024 - AME, 468

OEVICE UNDER
Test
DISTORTION
ANALYZER
WP33TA
Figure 3. Test Set-up used to obtain the data of Figures 4,5 and 6.
0,

SPECTRUM ANALYZER IF BANDWIDTH 1KHz
0db REFERENCE: 2 VOLTS PEAK TO PEAK
INPUT SIGNAL FREQUENCY 30K Hz
—10 SAMPLE FREQUENCY 1MHz
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Figure 4. SAD-1024 Transter Characteristic.
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to the input storage capacitor while ¢4 is high; the charge is then
transmitted to the next bucket-brigade stage when ¢4 is low, ¢,
high. Thus the signal samples are those values in existence at the
positive-to-negative transitions of ¢4 and the input sample rate Fs is
the same as F 1. As with all sampled-data devices, the input band-
width should %e limited to a value less than one-half the sampling
clock frequency (usually to a value less than 0.3 Fs). Further, to
recover a smooth delayed analog output a post filter having steep
cutoff (e.g., 36 dB per octave) is desirable.

PERFORMANCE

Typical performance of the device is shown in the specification and
in the curves of Figs. 4-7. This data was obtained with the test
configuration of Fig. 3. Internal dispersion becomes the limiting
factor for sampling clock frequencies above 1.5 MHz.
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Figure 5. SAD-1024 Distortion vs. input Level.
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Figures 4 and 5 indicate the linearity and show the rapid increase in
distortion as the input level is increased toward saturation. For in-
puts less than approximately 500 millivolts RMS, the distortion is
less than one percent. Between this point and the noise floor there
is approximately 70 dB of dynamic range.

Figure 6 shows the loading effect of the output terminating resistor.

The data indicates the output source followers have approximately
.400 ohms internal impedance. For this test, each output was con-
nected through a terminating resistor to ground, thus isolating any
interaction between the two output followers.

-
N
T

o SAMPLE RATE 150 KHz
INPUT LEVEL 0.5V P-P

VOLTAGE GAIN
[=]
©
T

0.4} SIGNAL FREQUENCY 10 KHz
0 n f PR f o n ]
1 10 100

LOAD RESISTANCE (K ohms)

Figure 6. Dependence of Gain on Load Resistange.

REVERB
I T

INPUT SIGNAL
FROM SOURCE

Figure 8. Praduction of Synthetic Reverberation

Figure 7 shows the frequency response of the device when termi-
nated as shown. The dotted lines indicate the range of variation
from device to device.

Reverberation can thus be synthesized as in Fig. 8. Each delay
element represents the time of travel in some possible path from the
source S to the observer at O. Feedback adds the effect of multiple-
reflection paths. Differing path lengths are represented by differing
delays. A single delay element can produce reverberant effects, but
would be excessively frequency sensitive with the reverberant sound
having distinct flutter. Several different path lengths (delays) are
desirable. Attenuation in a path represents its acoustic absorption
loss; therefore, the adjustment of loss allows the control of reverber-
ation time.

In an actual room, the direct sound is received first, followed by
simple reflections, and then by an increasingly complex mix of mul-
tiple reflections. Thus an equivalent synthetic reverberator must be
equipped to generate and handle a similarly complex combination
of signals.

Il. Vibrato and Other Effects

Vibrato is defined as a slight pitch variation at a cyclic rate, usually
of the order of 5 to 10 Hz, such as that produced by the rapid oscil-
latory movement of the fingering hand of a violinist. |t is custom-
arily used to add a richness to the sound. The result of vibrato is
the combinations of sounds from various paths to give a slight
chorusing effect. Such pitch variations can be synthesized by chang-
ing the delay element’s clock rate in slow cyclical manner (see
Fig. 9). Changing the clock rate alternately increases and decreases
the delay through the device and hence the pitch in a fashion ana-
logous to the Doppler effect. If the clock-rate changes slowly, we
can consider the transit time of the delay element to be constant for
any particular instant of the input waveform.

~ O
o
&
% _g OUTPUT CIRCUIT CONFIGURATION
2 5
o] 1K
& —10|- |SAD 1024 g~ ¢ -~ SCOPE
w
o« 6 %1!(
w —151 =
E SAMPLE FREQ = 10 MH2z
< 50l Vgg = 15 VOLTS
]
w
o
—25 L 1 J
10° 10 10° 10¢
FREQUENCY (H2)
Figure 7. Frequency Response showing Typical Variation Device to Device.
AUDIO APPLICATIONS

Many desirable and interesting acoustical effects may be synthesized
with delay elements such as the Reticon SAD-1024 Bucket Brigade
Delay device. These effects include enhancement and contro! of
reverberation, generation of chorus, flanging, vibrato and other musi-
cal effects, and reduction or cancellation of flutter and wow. The
most important feature of a delay device for such application are:

. Wide bandwidth and flat frequency response
. Large dynamic range

. Simplicity of application

. Magnitude and range of delays

. Freedom from undesirable side effects

. Stability

. Low cost

NOMbBWN=

APPLICATION IN PRACTICAL CIRCUITS

I. Reverberation

Acoustic reverberation is caused by the build-up of sound in an en-
closed space. The build-up occurs because of the addition of sound
components from simply reflected and multiple-reflected pencils or
rays of sound returned from internal reflecting surfaces. Similarly,
the sound field present when sound from the source is suddenly
terminated does not die away immediately but decays in an expo-
nential manner as the reflected sounds diminish by acoustic
absorption.

VARIABLE CLOCK FREQUENCY
fo o feo [1 4 HCOS w,yt]

SIGNAL DELAY SECTION LOW-PASS

OUTPUT WITH
INPUT SAD-1024 FLTER

VIBRATO VARIATIONS

Figure 9. Block Dragram of Circuit tor Producing Vibrato Etfects

1il. Chorus (Multiple Voice) and Phasing Effects (Flanging)

If a solo voice or instrument is joined by the same sound delayed
by approximately one to five milliseconds, the resultant is a very
popular “spacey’’ sound. The phenomenon sounds as if there were
two voices or instruments present, This is particularly true if the
pitch of one s varied slightly (i.e., the two are not exact replicas).
If the resultant signal is again delayed and added as before, the effect
is that of four voices, etc., until delay becomes so large as to cause
blurring. Delay can thus be used to enhance or modify the apparent
size of a group of musicians (or speakers, etc.). The SAD-1024 is
readily adapted to such use. Figure 10-a shows two delay elements in
a stable, nonfeedback arrangement of this application. Additional
delay elements can be added, as desired, without loss of stability.

Chorus produced by simple delay alone (without modifying pitch or
other characteristics) is likely to sound thin and lifeless because each
reproduction is an exact counterpart of the previous signal. The ef-
fect of slightly different sources can be produced by varying the
clock rates by a small amount as in vibrato (and as indicated in Fig.
10-b). The amount of variation is much less than with vibrato, be-
cause the pitch change should not be evident. What is wanted is just
enough difference between the direct and delayed signal to make
them appear to come from separate sources, i.e., in ‘‘chorus’’.

When the desired effect is that of several different voices added to-



CLOCK iNPUT, PREFERABLY
SLIGHTLY IRREGULAR

CHORUS
ouTPUT

DELAY ~ IMSEC

DELAY ~ IMSEC.
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VARIABLE OELAY

CLOCK FREQUENCY
CONTROL
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INPUT
SIGNAL

FLANGING
OuTPUT

(b} FLANGING

Figure 10. Circuits for Production of Chorus and Flanging Effects

gether, it is possible to vary the clock rate slightly but in a random
rather than regular manner. Such a clock rate might be derived from
noise passed through a narrow-band filter. The output frequency is
changed as in Vibrato, but the randomness simulates the slight dif-
ferences in sources, rather than conventional vibrato with one or
more deterministic sources. The exact combination desired is subject
to artistic interpretation; no rules can be given.

IV. Wow and Flutter Control

There is need to compensate for imprecise speed control of tape re-
corders. As illustration, suppose a live performance is taped on a
recorder having undesirable speed irregularities, of a limited nature,
and is then played back on the same or another machine. The orig-
inal irregularities appear, but in reversed sense, if the playback is at
a constant speed. Flutter and wow components are added to those
originally present, if the playback device has speed irregularities.
Thus, it is more important that speed be well controlled; however,
economic factors limit the actual precision attainable. Suppose that
a supersonic signal were recorded and recoverable at playback (the
bias frequency is a possible candidate). This frequency could be
selected by filter, amplified, and used to control a servo, or more
simply, an external delay element could be controlled. The result

INPUT CONTAMINATED
BY wOW & FLUTTER

oW l e v/

NARROW-.

BAND FHTER LIMITER [ X

FREQ OISCRIMINATOR

OUTPUT (FREQ
CONTROL TO vCO)

FREQUENCY
DISCRIMINATOR
AND CONTROL
o o e e Hp e e emeoea e
i FREQUENCY
DELAY B CORRECTED
oUTPUT

t‘_4 WTPUT
M

Figure 12, Equivalent Circuit Diagram for Dne Section SAD-1024

would be to maintain the output supersonic signal at a constant fre-
quency, hence forcing substantial reduction, if not complete can-
cellation of the combined variable speed effects. One section of
SAD-1024 could be used, in this application, as a precise linear fre-
quency discriminator, and a second section could be used as a var-
iable delay control. Figure 11 is a possible circuit configuration.
Delay circuits A and B are driven by the common variable clock.
The effect of the discriminatar is to detect any changes in the fre-
quency of the (supersonic) pilot tone in its passage through channel
A. The corrective effect is the same for the desired signals in channel
B. This tends to restore the original undistorted sound. There is no
average speed (or pitch) change, but effects due to speed variations
are reduced or nearly eliminated.

Stability is a potential problem because of the phase shift introduced
by the delay A and the discriminator filter; proper feedback design
is required.

V. Delay Implementation

To assist in understanding how best to apply the SAD-1024 in delay
applications, let us briefly review its operation, Fig. 12 is the equiv-
alent circuit for a 512-bucket delay section and applies to either sec-
tion of the SAD-1024. Figure 13 shows a SAD-1024 connected in the
SC-1024 evaluation circuit wtich is available from the manufacturer
(Reticon). For evaluation and initial application, it is recommended
that the SC-1024 evaluation board be used. The SAD-1024 requires
a single 15-volt power supply, and an input bias of approximately
+6 volts (to common). The requirement for only a single power
supply is in direct contrast to requirements for P-channel devices
which require typically three and sometimes four separate voltages.
The singie powersupply requirement is a distinct economic advan-
tage. The bias, along with an input buffer and an output filter am-
plifier, is supplied by the SC-1024 evaluation board. The board
requires plus and minus 15-voit supplies (i.e., two supplies are re-
quired because of the operational amplifiers used on the SC-1024
board). Clock input is at TTL level.

VI. Functioning of the SAD-1024

Let us first consider an example of Section A of the SAD-1024 and
of the evaluation circuit operating alone (see Fig. 13). Further, let
the input TTL clock frequency be 200 kHz and the signal input fre-
quency be a kHz sinewave. The input clock rate is divided by two,
by flip-flop U1, to give complementary squarewaves for 14 and
®9 of 100 kHz rate (10 us period}. While @1 p is high (nearly +15
volts), the input transistor (N-channel MOS) turns on to connect in-
put A through to C, (see Fig. 12). The input buffer AR2 (see Fig.
13) inverts the input waveform and superposes it on an approximate
6-volt bias. The instantaneous value of this combined input sample
is then “frozen’ on Cs when ¢4 o drops to its low state of nearly
zero volts. However, note that P24 is now high and as a result Cs is
connected to the first boot-strap capacitor at the output of cell 1.
During this half period there is readjustment of charge between C,
and cell 1.

During the next half of the ¢clock period, 1 again goes high and
994 low to connect cell 1 to cell 2 and disconnect cell 1 from Cs-
A new sample of the input is again placed on Cs' In this way, each
sample at the input is passed along, bucket-by-bucket, to appear at
output A with a delay of 512 half-periods of d1A-

In this example, the output appears at A 2.56 ms after it was input.

Delay: T = 612 half periods X 5 us/half period
= 2560 us.

Note that only one sample per clock period is selected, and the
corresponding output appears at A only while 1A is high. When
®1 A falls and ®op rises, the output from A drops to its fixed low
state, and the signal value now appears at A’. At the input to cells
510 the circuit was split into two equal paths, path A’ having one
extra cell and one extra halfclock period of delay. Thus, the sum-
med outputs A and A’ effectively provide continuity over the full
clock period. Each input sample is delayed to give, by combining
the outputs, a full stairstep approximation of the continuous ana-
log input. The output filter amplifier inverts the signal, smooths the
stair-steps, and discriminates against residual clock glitches. The
smoothed output is & phase-locked replica of the input with 2.56
milliseconds of delay. This amount of delay at 5 kHz represents a
phase delay in cycles of 2.56 milliseconds divided by the 0.2 milli-
second period or 12.8 cycles. Note that the delay is a constant
time delay, independent of the signal frequency. This leads to a
linearly increasing (undistorted) phase delay with increasing signal
frequency.
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You gotia
shop a%(:)und.
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When you do,you’ll probably pick CIE.
You can’t afford to settle for
less when it comes to something like
electronics training that could
affect your whole life.
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W hen you shop around for

tires, you look for a bar-
gain. After all, if it’s the same
brand, better price —why not
save money?

Education’s different.
There’s no such thing as “same
brand.” No two schools are
alike. And, once you’ve made
vour choice, the training you
get stays with you for the rest
of your life.

So, shop around for your
training. Not for the bargain.
For the best. Thorough, profes-
sional training to help give you
pride and confidence.

kKK

If you talked to some of our

%raduates, chances are you'd

nd a lot of them shopped
around for their training. They
pretty much knew what was
available. And they picked CIE
as number one.

Why you should
shop around yourself.

We hope you’ll shop around.
Because, frankly, CIE isn’t for
evervone.

There are other options
for the hobbyist. If you're the
ambitious type — with serious
career goals in electronics —
take a close look at what
we've planned for you at CIE.

What you should look
for first.

Part of what makes elec-
tronics so interesting is it’s
based on scientific discoveries
—on ideas' So the first thing to
look for is a program that starts
with ideas and builds on them!

That’s what happens with
CIE’s Auto-Programmed®
Lessons. Each lesson takes one
or two principles and helps you
master them — before you
start using them!

How practical
is the training?
This is the next big impor-
tant question. After all, your
carcer will be built on what you
can do —and on how
well vou do it. ‘
Here are
ways some
of CIE’s
trouble-
shooting o
programs S
help you get
vour “hands-on”
training . . .
With CIE’s
Experimental
Electronics
Laboratory...

you learn and review the basics-
perform dozens of experiments.

Plus, you use a 3-in-1 precision
Multimeter to learn testing,
checking, analyzing!

When you build your
own 3 MHz Triggered-
Sweep, Solid-State Oscil-
loscope you take vour first
real professional step. You use
it as a doctor uses an X-ray
machine —to “read” waveform
patterns. . . lock themin. ..
study, understand and inter-
pret them!

When you get your
Zenith 19-inch Diagonal
Solid-State Color TV you

apply vour new skills to some
real on-the-job-type trouble-
shooting! You learn to trace
signal flow. . . locate malfunc-
tions. . . restore perfect operat-
ing standards —just as with any
sophisticated electronics
equipment! :

When

Solid-State Color
Bar Generator—
actually a TV signal

up to ten different

the action of a crystal-con-
trolled oscillator!

Of course, CIE offers a
more advanced training pro-

gram, too. But the main point is

Pattern simulated

vou work with a completely

transmitter—you study

patterns on your TV
screen . . . explore digi-
tal logic circuits. . . observe

simply this:

All this training takes
effort. But you’ll enjoy it. And
it’s a real plus for a trouble-
shooting career!

Do you prepare for
vour FCC License?

Avoid regrets later. Check
this out before you enroll in
any program.

For some troubleshooting
jobs, you must have your FC(
License. For others, employvers
often consider it a mark in your
favor. Either way, it’s govern-
ment-certified proof of specific
kn¢ vledge and skills!

More than half of CIE’s
courses prepare you for the

overnment-administered FCC

icense exam. In continuin
surveys, nearly 4 outof 5C
graduates who take the exam
get their Licenses!

Shop around...bui send
for CIE’s free school
catalog first?

Mail the card. If it’s gone,
cut out and mail the coupon. If
you prefer to write, men-

». tion the name and date
| of this magazine. We’ll
send you a copy of CIE’s
FREE school catalog —
plus a complete pack-
age of independent
home study information!
For your convenience,
we’ll try to have a repre-
sentative contact you to
answer your questions.
Mail the card or coupon
or write: CIE, 1776 East
17th St., Cleveland,
OH 44114.

|C|

1775 East 17th Street. Cleveiand, Onio 44114
Accradited Member Nationsl Home Study Counc

Cleveland Institute
of Electronics, Inc.

YES...I'nm shopping around
for the right kind of career training
in electronics troubleshooting —and
. CIE sounds well worth looking into.

Please send me my FREE CIE school

catalog — including details about
troubleshooting courscs— plus my
FREE package of home study

information! RE.07
Print Namy

Address Apt

Cite

State Zip

Age I’hone

(urca code)
Check bax for G. 1. Bill information:
Veteran Active Duty

Mail today?
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Figure 13. SAD-1024 in the SC-1024 Evaluation Circuit.

The 5 kHz signal is “’sampled’’ twenty times during each of its cycles.
This permits good reconstruction of the input waveform. Theoreti-
cally, signals up to one-half of the sampling frequency can be com-
pletely recovered (Nyquist theorem). Practically, input signals with
components (all with the clock-frequency-fixed constant time delay
Tp = 51 2/(2F¢1A” up to one-third or more of the sampling fre-
quency may be processed with good reconstruction.

In a mathematical sense, each component of the input is convolved
with the Fourier transform of the sampling frequency, F.. togivea
sin x/x amplitude-response modifier at the output {with ideal filter-
ing). The first “zero’’ of the sin x/x amplitude modifier occurs at
Fc' At the theoretical upper-limit analog input frequency of Fc/2'
there would be an amplitude factor of (sin #/2)/(n/2) = 0.637 (3.92
dB loss). At F./3 the factor becomes 0.827 (1.65 dB loss). In any
real-world situation, these factors must be multiplied by any input
and output filter factors, which cause its response to be other than
ideal, and by the effective transfer factor of the memory device itself.

in a bucket-brigade device, each charge transfer leaves behind a very
slight amount of the charge. This charge-transfer inefficiency is
cumulative over all N charge transfers. This effect causes reduction
in the high-frequency response of the device, in addition to the sin
x/x factor above, but still directly related to the clock frequency.
The signal frequency for a given loss thus tends to be a constant
fraction of the clock frequency, until charging time constants be-
come dominant. Because of the combination of the two effects, it is
very important that the effect from charge transfer inefficiency be
as small as possible. N-channel devices such as the SAD-1024
are substantially better than their P-channel counterparts in control
of charge-transfer inefficiency.

VII. Practical Details Applicable
to Use of the SAD-1024

It has been suggested that the SC-1024 evaluation board be used to
permit easy, effective use of the devices. Let us here consider just
the devices and their care and feeding.

The devices are sampled-data devices. Inputs may be continuous, but
only those values in existence at a particular time in the clock cycle
are accepted and transmitted. The properly-combined outputs are

stair-step approximations to the analog input. In addition, some
residual clock glitches appear at the output because of the practical
impossibility of complete cancellation.

Also, these devices are MOS devices and are subject to possible dam-
age from static discharges. Internal protection is provided, but lim-
ited because of the tradeoffs balancing performance with the adverse
effects on performance of more complete protection; as a result,
moderate care in handling is a must. Susceptibility to damage is
comparable to that of standard CMOS logic devices; comparable care
should be adequate.

What do these operating characteristics and features mean? The
following discussion treats various points to be considered.

The input signal must be inherently limited to a frequency band less
than Fclock/2' or, if it is not so limited, an input filter should be
used to prevent foldover distortion {i.e., aliasing). Many audio sig-
nals will be so limited and no input filter will be required. The
clocked, sampled nature of the signals through the devices means
that some output filtering is desirable. This can be introduced as a
separate filter or provided by the band-limiting nature of following
devices. An output filter is implicit in the figures. If filtering is pro-
vided by follawing devices, such as amplifiers, etc., it is important
that inadvertent input overioad of the following device be prevented.
Such overload could lead to audible distortion or even failure of
components. Some simple output filtering is desirable even if fol-
lowing devices provide band limiting.

The input bias of roughly 0.4 times the clock amplitude is chosen to
allow equal signal swing above and below the bias level before dis-
tortion occurs. In critical applications, such as those having maxi-
mum input, some bias adjustment may optimize conditions to per-
mit lowest distortion and maximum output. For lower signal levels,
the adjustment is not critical and may be fixed.

Output source followers must be supplied with a current path. Their
drains are internally tied to Vdg- As shown in the circuit of Fig. 13,
a low-resistance path to ground is functional. To obtain a higher
resistance loac, it would be possible to connect a higher-value resist-
ance to a point move negative than ground. Such a circuit would be
useful where unity gain through the device is desired. R-E




Servicing
With
MULTIMETERS
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The multimeter has been—and probably will always be—
the basic electronic test instrument. However,
selecting the type that’s best for you can be a problem.
Here are some valuable hints on meter selection

A.N.M. KLUIJTMANS*

SERVICING TV SETS DEMANDS A STRICTLY
limited—but nonetheless awkward—set
of measurements. So the multimeter
used must be particularly versatile and.
for field use. particularly rugged.

Modern multimeter circuitry can cope
with the requirements. but the user must
carefully select the most suitable gener-
al-purpose instrument. Input selection
and protection. the range of facilities,
essential accessories and the choice
between analog and digital display must
all be considered.

Most of the voltages we measure in a
TV set are DC—ranging from a few
millivolts up to 30 kV for color. less for
monochrome. The range of voltages
found in a typical color set can be seen
from Fig. 1. About the only AC
measurement necessary is to check the
incoming line supply.

One of the problems is that pure DC
levels are practically nonexistent—as can
be seen from Fig. 2. Most have pulse
levels superimposed with voltages often
double that of the level being checked.
Add to this the number of stray signals
that can appear in a TV set and there is
an obvious need for good AC filtering
and effective shielding on any muli-
meter input.

Boost voitages

Checking TV boost voltages is a
typical problem. Normal values of | kV
often have a superimposed peak pulse
of 1200 volts. A commonly-occurring
pulse form has a 15-kHz repetition rate
and 10-ps duration—quite enough to
destroy a meter.

The simplest solution is to measure
from some other point than the chassis
ground. A typical measuring point is a
tube 300-volt supply as shown in Fig. 3.
But this is not too convenient when
making a general circuit examination
and several voltages are being
checked.

Now. however. it is possible to find
multimeters with enough overload pro-
tection to allow accurate measuring of
boost voltages without taking special
precautions. With monochrome sets. the
boost voltage is tied up with the hori-
zontal width control and needs careful
regulation. So a 1% accuracy on a 1-kV
range with 1200-volt overload protec-
tion is needed.

Checking boost voltage on a color set
also has to be done accurately. Don’t
ignore the value of the boost voltage.
Too high a value can cause high current
peaks and the resulting inductive volt-
ages can point-weld transistors in hybrid
driver circuits.

With the 30 kV found on many color
picture tubes. however. attenuation is
necessarv. Instead. a special probe is
used (see Fig. 4). This 100-times atten-
uator uses accurate resistors to reduce

*Philips Test and Measuring instruments Depart-
ment. Eindhoven. The Netherlands.
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the 30 kV to a manageable 300 volts.
The operator is protected from the high
voltage by the length of the probe. One
word of warning. avoid handling the
internal probe resistor—it is highly
susceptible to damage by moisture.

AA
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For smaller voltages. an attenuator to
help cut down the effect of peaks can be
made using a simple RC circuit. It can
casily halve the voltage levels and gives
added protection by integrating the
signal slopes.

Overload protection essential

With measurements ranging from kV
to mV and with low-frequency and
high-frequency signals present, overload
protection on all ranges is essential and
should be built in to the service instru-
ment. Protective action can be either
some form of overload indication or
even automatically switching off the
instrument. Arc-over protection is also a
must.

Any digital meter should be able to
take at least a 1-kV overload. even on
the 200-mV range. Arc-over protection
should be at least 1600 volts. Fuse
protection forms an essential back-up
against excessive overloading.

FIG. 1—THE LINE INPUT in a color TV receiver

supplies from a few volts up to 20 or 30 kV, as
can be seen from this example.
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For analog instruments the situation
is more difficult because of the danger
of mechanical damage during overload.
A relay to disconnect the input. backed
again by fuse protection is best for the
voltage ranges. A fuse is good enough
for the current ranges. but it is worth
looking for an instrument that has some
kind of diode protection to guard
against damage before the fuses act.

Also make sure that fuses are easy to
replace and that spares are always avail-
able. ldeally. spare fuses should be kept
inside the instrument (see Fig. 5,

Analog or digital

Choosing between analog and digital
instruments (Fig. 6) is difficult and
reallv a matter of personal choice.
Digital readouts offer much higher
accuracy. in theory. and are perhaps
necessary for accurate supply voltage
measurements—they are also easier to
read. But analog instruments are better
for peak-and-dip measurements when
aligning coils, and other trend measure-
ments.
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FIG. 2—ALTHOUGH DEFINITE VOLTAGE LEV-
ELS are often given on a TV circuit diagram,
most DC levels have large pulse levels superim-
posed, making for awkward measurements.

FIG. 3—TO OVERCOME THE PROBLEM of
trying to read too high a voltage, use some
other level than the chassis ground. A typical
measuring point is the 300V tube suppiy here,
making it much easier to measure the voltage
on a CRT deflection plate. But the drawback is
that when checking a series of voltages—both
low and high—it is necessary to keep changing
the reference point.
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A digital meter is particularly useful
for locating faults such as short circuits
in yoke deflection coils. Being essen-
tially very low resistance. any short
circuit is going to make only a smail
difference to the resistance reading—
requiring the high resolution of the
digital meter to detect it.

Check the tacilities
With all the emphasis on voltage




FIG. 4—TO MEASURE really high voltages—
such as the 30-kV boost voltage often found in
a color TV—some form of attenuator is essen-
tial. This special probe provides 100-times atte-
nuation using highly accurate resistors. The
length of the probe provides some protection
for the user.

FIG. 5—-IF FUSE PROTECTION is used in a
multimeter, replacement should be easy and
spares always on hand. For a meter being used
in the field, spare fuses should preferably be
carried in the instrument itself,

measurements there hardly seems any
need for a multimeter. a simple volt-
meter should do the job. But there are
obviously many occasions when other
measurements have to be made—typi-
cally checking resistors on one of the
circuit boards.

Resistance measurements  are  also
useful for locating faulty semiconduc-
tors. With the increasing use of solid-
state circuitry. much of it still discrete
components. it is useful to be able to
check diode junctions in suspect tran-
sistors. A simple forward and reverse
junction measurement gives a fast qual-
Htative check on the transistor condition,
when a transistor tester is not readily
available.

The meter vou select should also have
a high input impedance if vou want
accuracy figures to mean anything. Any
instrument added 1o a circuit is going to
influence that circuit due to its loading.
A conventional 20.000-ohm input can
lead to quite serious errors depending
on the resistance of the source being

measured. Figure 7 gives some idea of

the extent of these hidden errors.

High input impedances—around the
10-megohm  mark—are possible with
digital multimeters as they are in TVM's
and FETVM's. The use of LSI circuitry
makes high input impedances econom-
ical.

Another advantage of LSI is that it
often makes it possible to extend the
facilities of the multimeter. Typical is

FIG. 6—CHOOSING BETWEEN ANALOG AND DIGITAL INSTRUMENTS often has to be a matter of
personal choice. A digital meter is better for accurate measurements, while an analog meter is ideal

for peak-and-dip and other trend readings.
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FIG. 7—-HIDDEN ERRORS caused by the 20K input impedance of a conventional multimeter loading
the circuit under test can build up to very high levels. Modern multimeters have input impedances of

10 megohms, eliminating the loading problems.

FIG.

8~GOOD CLEAR PRESENTATION of
results makes a meter easy to use. So it is

worth looking for a meter that uses the
minimum of scales. The use of linear resist-
ance-measuring circuits helps presentation as
well.

the addition of temperature measure-
ment. Checking the temperature of tran-
sistors often helps localize the area of a
circuit fault. Measurements of voltage
levels. currents and resistance in the
neighborhood of the “hot™ transistor
will then pinpoint the faulty compo-
nent.

Easy to use

An important aspect of any service
instrument is how easv is it to use. A
typical multimeter is going to be used to
carry out a variety of measurements al
the same time. So changing leads every

FIG. 9—EVEN THE BEST cared for service
instrument sometimes slips, or is knocked
against a tool. Some sort of protection—such as
the rubber rings mounted on this meter—are
useful.

time vou change from voltage to resist-
ance. can be time consuming—and
annoying. So it is worth looking for an
instrument that uses one set of leads for
the majority of measurements.

The meter readout is important too.
The average multimeter has a plethora
of scales in different colors and different
positions. It is worth looking for a meter

continued on page 88
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iImprove
INSTALL

To get the best possible recep
where the signal is—up high.
to installing antenna towers

RADIO-ELECTRONICS
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SOME ANTENNA INSTALLERS AVOID TOWER
installations. They believe them to be
expensive and time consuming, and to
require a great deal of skill. Actually.
the new TV/FM antenna towers are
relatively inexpensive and easy to put
up. The average tower can usually be
installed in two man-hours. once you get
the hang of it.

Towers get the antennas up high.
where the best signals are. They cause
no roof damage. They help protect the
antenna from damage by corrosive
chimney fumes. Towers can easily be
climbed for servicing the antenna. the
downlead, the rotator or the preamp.

Two hasic types of towers are avail-
able: self-supporting and bracketed. As
the name implies. self-supporting towers
can stand alone. Since they require a
concrete base. self-supporting towers
take longer to install. Generally. they
are for people who want the installation
away from the house or for people who
object to attaching the tower 1o the
house.

Most people prefer bracketed towers.
These are easier to install. This article
illustrates the step-by-step procedures
for putting up a bracketed tower.

Step 1—Prepare the ground.

The baseplate must rest on flat. solid
ground. Use a spade to clear away grass.
Make sure the baseplate rests flat on the
ground. as shown in Fig. |.

Step 2—Assemble 2 or 3 sections.

When installing bracketed towers. it’s
a good idea to get the bracket up as high
as possible. Therefore, you want to pick
the highest convenient point on the
house.

Assemble enough tower sections on
the ground to reach that point. Since
each tower section is 8 feet. two or three
*Sall En_ginccr‘ Jerrold DSD Division

tower sections are almost invariably
enough.

Use the belts. nuts and lockwashers
supplied 1o fasten the sections together
securely (see Fig. 2).

"'*. ‘-. ."3,\.‘
FIG. 1-LEVELING THE BASEPLATE makes a
good foundation for the whole job.

FIG. 2—SECTIONS ARE FASTENED, preferably
on the ground before raising.

Attach the baseplate to the bottom of
the tower, as shown in Fig. 3.

Assemble the house bracket and
attach it to the tower (see Fig. 4) in
approximately the right position with
the nuts finger-tight. (With the nuts this
loose. the bracket will stay in place. but
you can slide it up and down on the
tower (o find the correct position. once
the tower is against the house.)

Step 3—Fasten bracket and base
plate.

Use a ladder. Put the baseplate on the
spot prepared in Step | and lean the
tower against the house. Then climb the
ladder and fasten the house bracket in

Fio < A e atyh LA e e
FIG. 3~BOLTING THE BASEPLATE to the legs

LY |
L4

FIG. 4—DETAIL OF HOUSE BRACKET.




TV Reception-
A TOWER

tion, the antenna must be
Here’s a step-by-step approach
to gain the necessary height

place with two %-inch lag screws into
the side of the house.

Be sure the lag screws bite deep into
solid wood. Otherwise. the tower may
fall. damaging the house. Remember.
the tower installation is only as solid as
the bracket itself.

I vou must fasten the house bracket
to a part of the house with an overhang,
attach a 3- or 4-foot 2 bv 4 10 the sofhit.
Then. screw the bracket to the 2 bv 4 as
shown in Fig. 5.

Once the house bracket is firmiy in
place. use a level to make sure the tower
is vertical (see Fig. 6). Finally. drive
three 3-foot base stubs into the ground.
to hold the baseplate firmly in place. as
shown in Fig. 7.

Step 4—Add tower sections.

Once the baseplate and house bracket
are firmly fastened in place. vou have a
solid base from which to work. You
don’t need a ladder any more. because
you can climb the tower.

FIG. 5—BRACKET MUST BE FASTENED se-
curely to a solid part of the house.

JERRY SCHWARTZ*

When you climb a tower. be sure to
use a safety belt. With the safety belt
attached to the tower at all umes, 1 1s
impossible to fall. Be sure the belt runs
through the tower. not around it

FIG. 6—CHECK FOR VERTICAL orientation with
a spirit level or a plumbline.

FIG. 7—THREE-FOOT BASE STUBS hold the
baseplate firmly in place.

One-man installation is easy. Just use
a long rope with a hook on the end of it.
Climb to the top of the tower. Fasten
your safety belt securelv and hook your
teg around the tower for added support.
Then. lower the hook. snag one of the
tower sections. pull it up and lower it
into place. Two-man insiallations are
easier and save time. (One man on the
sround. one on the tower))

Once the new section is in position
secure it in place with bolts. nuts and
lockwashers.

Additional sections can be added in
exactly the same wav. Be sure to prepare
all sections on the ground within easy
reach of the rope and hook so you don’t
have to cimb up and down the tower
between sections.

Step 5—Attach the rotator

The top section of the tower comes
complete with a baseplate. a top plate
and a unique mast thrust bearing (see
Fig. 8). Most rotators can be attached
casily to the baseplate. using an 8-inch
piece of mast and the U-bolts supplied.
CDE model AR-30 and Channel Master
Rotators can be attached directlv to the
1. bracket. CDE models AR-33 and AR
40 are mounted to the baseplate. using

-inch hex nuts as spacers between the
rotator and the tower rotator base-
plate.

In everv case. the rotator fits inside
the tower and the mast thrust bearin
supports virtually all the weight of the
antenna. This lengthens the life of the
rotator considerably. and helps it to
work more smoothly.

Attach the rotator to the top section
of the tower (with rotator wire con-
nected) before it 1s raised into place

Step 6—Install the antenna

On the ground. attach the antenna
securely to the mast. Unfold all
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the better you'

ELECTRO-LAB

As an NTS student you'll acquire the know-how
that comes with first-hand training on NTS profes-
sional equipment Equipment you'll build and keep.
Ourcoursesincludeeqguipmentlikethe NTS/Heath
GR-2001 computerized color TV (25" diagonal)
with varactor diode tuning and digital read-out
channel selection, (optional programming capa-
bility and digital clock avail))

Also pictured above are other units — 5" solid state
oscilloscope, vector monitor scope, solid-state ster-
eo AM-FM receiver with twin speakers, digital multi-
meter, and more. It's the kind of better equipment
that gets you better equipped for the electronics
industry.
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This electronic gear is not only designed for train-
ing; it's field-type — like you'll meet on the job, or
when you're making service calls. And with NTS
easy-to-read, profusely illustrated lessons you learn
the theory behind these tools of the trade.

Choose tfrom 12 NTS courses covering a wide range
of fields in electronics, each complete with equip-
ment, lessons, and manuals to make your training
more practical and interesting.

Compare our training; compare our lower tuition.
We employ no salesmen, pay no commissions. You
receive all home-study information by mail only
All Kits, lessons, and experiments are described in
full color. Most liberal refund policy and cancella-
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elements except the center elements on
one side. Leaving these elements folded
will enable you to pull the antenna and
mast up the tower more easily. since the
antenna will fit around the tower.

Attach the lead-in wire securely to the
antenna terminals and then raise the
antenna and mast into place.

Lower the mast through the thrust
bearing into the rotator. Then orient the
antenna (as per the instructions of the
rotator manufacturer) and tighten the
mast into place.

If a rotator is not used. simply skip
Step 5. Secure the mast to the tower
base and top plate. using the L-brackets
and U-bolts supplied.

v

FIG. 8—THE TOWER'S TOP SECTION is
equipped to hold a rotator, if needed.

Step 7—Run wires down the tower
As explained in previous steps. the
antenna  lead-in  and rotator  wires
should be attached in advance. They
can be run down the tower easily.
Use low-loss coaxial cable for all
tower installations. The coax cable and

15 FT. X 1-3/4" 0.0.

e X 16 GA. MAST

/8" 0.D.
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FIG. 9—HOW TO MAKE A GIN POLE that simply
slips over the cross-braces.

the rotator wire can ecasily be taped into
opposite grooves of the same tower leg
with waterproof tape.

If you do decide to use twin lead.
attach wrap-around standofis to one of
the tower legs. Space the standoffs 6 1o 8
feet apart and avoid touching metal
with the twin lead.

Gin poles
If you plan to install many towers. a
gin pole is a verv handy accessory to

have. You can use it like a crane to lift
sections into place. The gin pole relieves
strain on the installers arms.

Figure 9 shows how 1o make a gin
pole from a mast and some steel rod.
(Figure 9 shows 1¥%-inch O.D. mast. but
Ye-inch will do the job.)

Hook the completed gin pole to the
top of the tower at the X braces. Attach
the rope that runs through the pulley to
the next tower section. about a foot
above the middle. Pull the section up
and guide it into place on the top of the
section on which vou are standing.

Once the new section has been bolted
securely into place. you can unhook the
gin pole. climb the new section and
hook the gin pole in place to haul up the
next section.

Alternate installation method

Another method of erecting a tower
works very well. but takes two men.

The tower is completely assembled on
the ground. One man climbs a ladder 10
the roof. with a rope. The other man
stays on the ground. The' man on the
roof pulls the tower up. using the rope.
and the man on the ground pushes. until
the top of the tower is resting against the
edge of the roof. The tower is held in
place temporarily by a safety rope.

Then the man on the roof attaches the
antenna and mast to the tower.

Finally. the two men position the
tower vertically and secure it in place.
using the house bracket and base stubs
driven through the baseplate.

So putting up a tower is not as hard as
vou might think! With a little practice.
vou can put up even a tall tower with
amazing speed. whether vou do it alone
or have someone to help. R-E

Personal-computer gear feature
of new store in Boston

A personal-computer user show was the
main feature of the recent opening of the
Computer Warehouse Store in Boston,
MA. Selling used computers and comput-
er accessories of all types (including
equipment that originally sold for
$100,000 alongside of simple $25 power
supplies), the new store attracted cus-
tomers and hobbyists from several
States.

One enthusiast, Bill Walde, the first
president of the N.E. Computer Society,
had two systems with him. He had built
one himself from plans published in an
electronics magazine—the other was one
of the most sophisticated of the micro-
computer kits available at the store.

Robert Tripp, publisher of the only New
England magazine in the computer hobby
field, demonstrated one of the smallest
and cheapest microcomputers that can
still handle applications like checkbook
checking.

According to the Computer Warehouse
Store, hobbyists now have 103 clubs, of
which the Southern California Computer
Society, alone, has 6,000 members. Now,
there are more than 80 stores devoted to

the computer hobbysist, as compared to
none a little more than a year ago.

The grand opening of the Boston estab-
lishment ran for two days with a total
attendance of more than 2,350, and
during which prizes were given away
every hour. A grand total of $100,000
(original value) worth of equipment was
given away.

George Bailey dies at 89 was
world’s No. 1 amateur

George F. Bailey, who for 12 years was
president of the American Radio Relay
League and the International Amateur
Radio Union—the world’s leading ""ham”—
died December 19 at the home of his
daughter in Nashville, TN. He was 89
years old.

In his business life as a manufacturer of
floor coverings, Dr. Bailey had been an
ardent amateur, and for 12 years was the
contact to the Grenfell Mission in Labra-
dor, maintaining schedules every morn-
ing. When he retired in 1937, he became
more active, and in 1935 was the first
American amateur to contact Europe on 5
meters, as well as the first to work all
States on single sideband. He was division
director, national vice president, and in

1940 became president of the American
Radio Relay League, holding the office
until 1952.

In 1941 he was called to Washington to
recruit an electronics training group
under the National Defense Council. The
following year he was appointed chief of
the scientific personnel office of the Office
of Scientific Research and Development.

In 1945, Dr. Bailey became executive
secretary of the Institute of Radio Engi-
neers (IRE), a post he held until the IRE
merged with the AIEE to become the
Institute of Electrical and Electronic Engi-
neers in 1963. He became the Institute's
Executive Consuitant until 1966.

Dr. Bailey was a graduate of Harvard
(1907) and received a D. Sc. from
Lawrence College in 1958. He was a
Fellow of the IRE and received its Distin-
guished Service Award in 1962. Previous-
ly he had received the Certificate of Merit
from President Truman for his contribu-
tion to the American war effort. An hono-
rary member of the Veteran Wireless
Operators Association, he was awarded
its Marconi Medal of Service. A charter
member of the Armed Forces Communi-
cations and Electronics Association, he
was its president 1954-56. R-E



High-voltage
hold-down

The high voltage, the DC
and the hair-trigger
shutdown

JACK DARR
SERVICE EDITOR

This column is for the service tech-
nician’s’ problems—TV, radio, audio
or industrial electronics. We answer
all quesnons submitted by service

:hnicians on their letterheads indi-
vidually, by mail, and the more inter-
esting ones will be printed here.

If you're really stuck, write us.
We'll do our best to help you. Don’t
forget to enclose a stamped, self-
addressed envelope. If return postage
is not included we cannot process
your question. Write: Service Editor,
Radio-Electronics, 200 Park Avenue
South, New York, NY 10003

R-E’s Service Clinic

SINCE THE ADVENT OF SOLID-STATE TV
circuitry. we have seen the introduction
of a few new HEW circuits (sorry about
thav)—all of them aimed at preventing
the high voltage from going too high.
Unlike the original high-voltage regula-
tors that simply loaded down the high
voltage itself. these circuits work on a
different principle: most of them use
redundant regulators. There are several
of them. in all parts of the chassis. all
doing the same thing.

FROM HORIZ 0SC
TEST \ ~
POINT

TQ PRI

OF
HORIZ  ORIVER
ORIVER TRANS

uv

AAA —
VW =

£
KQ =

VOLT
REG

nav
FIG1

One is a “shut-down™ circuit that kills
the high voltage by grounding the DC
voltage supply to the horizontal oscil-
lator or driver stages. It is usually like
the circuit in Fig. 1. An SCR is
connected across the 118- and 24.5-volt
DC lines feeding the horizontal stages.
It is gated on by the output of the
horizontal circuitry. If the 118-volt line
rises too high. the SCR fires and the
horizontal drive is removed. shutting
down the horizontal output stage. There
are many variations: one senses the
actual beam current of the picture tube.
It is in series with the “bottom end™ of
the high-voltage supply.

However. this article deals mainly
with another regulator—this one is in the
*“primary” DC supply circuits. In all sets
using scan-derived DC voltage supplies.
the horizontal oscillator, driver and
horizontal output stage must get DC
voltage as soon as the set is turned on.
This is done by rectifying the AC line
voltage. filtering and feeding it through
a voltage-regulator circuit. Typical out-

put will be about +120-volts DC. A
partial circuit of this tvpe of regulator is
shown in Fig. 2. This one is used in
Svivania’s EO-4 chassis.
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In all of these sets. the high-voltage
output is direct/y proportional to the DC
voltage output of this regulator. So. if
this DC voltage rises 10%. so does the
high voltage. When the high voliage
reaches an unsafe level. the high-voltage
shutdown circuit. which is completely
separate. shuts down the h<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>