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The 40-channel Cobra 29XLR. From
the sleek brushed chrome face to the matte
black housing, it's a beauty. But its beauty
is more than skin deep. Because inside, this
CB has the guts to pack a powerful punch.

The illuminated 3-in-1 meter tells you
exactly how much power you're pushing
out. And pulling in. It also measures the
system's efficiency with an SWR check. In
short, this Cobra’s meter lets you keep an
eye on your ears.

The Digital Channel Selector shows you
the channel you're on in large LED
numerals that can be read clearly in any
light There's also switchable noise
blanking to reject short-pulse noise other
systems can't block. The built-in power of
DynaMike Plus. Automatic noise limiting

and Delta Tuning for clearer reception.

And the added protection of Cobra’s
nationwide network of Authorized Service
Centers with factory-trained technicians
to help you with installation, service and
advice.

The Cobra 29XLR. It has 40 channels.
And it has what it takes to improve
communications by punching through
loud and clear on every one of them.

That's the beauty of t@

@)bra

Punches through loud and clear.

Cobra Communications Products
DYNASCAN CORPORATION
6460 W. Cortland St., Chicago, lllincis 60635

Write for color brochure
EXPORTERS: Empire « Plainview. NY - CANADA: Atlas Electronics » Toronto
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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!
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TIONAL Consumers Hero has been made
p055|ble by grants from the
P 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 $3.72 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.

Impossible-to-trace
*x * Guarantee x x

We guarantee that our stolea 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 glad 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.

CIRCLE NO. 59 ON FREE INFORMATION CASD

A new consumey concept lets
uy stolen merchandise
1f 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. PE.

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 you 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 6800 computer system repre-
sents the best value available today,
with no sacrifice in performance.

| would like to explain why this is
true. The most basic reason is that
the 6800 is a simpler, more elegant
machine. The 6800 architecture is
memory oriented rather than bus
oriented as are the older 8008, 8080
and Z-80 type processors. This is an
important difference. It results in a
computer that is far easier to program
on the more basic machine language
and assembly language levels. It also
results in a far simpler bus structure.
The 6800 uses the SS-50 bus which
has only half the connections needed
in the old S-100 (IMSAI/MITS) bus
system. If you don't think this makes
adifference, take a look atthe mother
boards used in both systems—com-
pare them. The SS-50 system has
wide, low impedance 0.1 lines with
good heavy, easily replaced Molex
connectors. The S-100 bus, on the
other hand,has a very fine hair-like
lines that must be small enough to
pass between pins on a 100 contact
edge connector. |'ll give you one
guess which is the most reliable and
noise free. As for cost—well any of

MPUTER

sam 6800 =verv

you who have purchased extra con-
nectorsfor your S-100 machines know
what kind of money this can run
into. The 6800 is supplied with all
fmother board connectors. No extras,
or optionsitke memory, or con-
nectors for the mother board are
needed in our 6800 system.

The 6800 is not beautiful, but “Oh
Boy’ is it functional. That plain
black box is strong and it has an
annodized finish. This is the hardest,
toughest finish you can put on alu-
minum. Most others use paint, ar
other less expensive finishes. The
6800 does not have a pretty front
panel with lights and multicolor swit-
ches. This is because the lights and
switches are not only expensive, and
unnecessary, but also a great big pain
to use. We don't crank up the 6800;
we use an electric starter—a monitor
ROM called Mikbug. He automatical-
ly does all the loading for you with-
out any time wasting switch flopping.
So in the 6800 system you don’t buy
something expensive (the console)
that you will probably want to stop
using as soon as you can get your
hands on a PROM board and a good

That's another thing. Mikbug® is a
standard Motorola part. It is used in
many systems and supported by the
Motorola software library in addition
to our own extensive collection of
programs. It is not an orphan like
many monitor systems that are uni-
que to the manufacturer using them
and which can only run software pro-
vided by that manufacturer. Check
the program articles in Byte, interface
and Kilobaud. You will find that al-
most all 6800 programs are written
for systems using a Mikbug® monitor.
Guess how useful these are if you
have some off-brand monitor in your
computer.

The 6800 will never win any beauty
prizes. It is like the Model "T* and
the DC-3 not pretty, but beautiful
in function. It is simple, easy to use
and maintain and does its job in

the most reliable and economical way
possible. What more could you want?

Mikbug ®is a registered trademark
of Motorola Inc.

Suile 5300

Computer System

with serial interface and 4,096 words

monitor. of memory . . . ... ... ... $395.00

O Enclosed is $395 for my SWTPC Computer Kit (O Send Data

O or BAC #

O or MC Ex Date

NAME

ADDRESS

CITY STATE ZIP

Southwest Technical Products Corp., Box 32040, San Antonio, Texas 78284
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% Editorial

ELECTRONICS AIDS SECURITY

We're living in an age when thefts are more commonplace than ever before and
disastrous fires are destroying more and more property and lives. Thankfully—and
as every security-minded person knows—we now have électronic devices to
provide at least some measure of prevention against such disasters.

A sophisticated example of an electronic theft-prevention device, for example, is
the digital combination lock described in this issue. The fastest-growing part of the
home security industry, however, is in residential electronic smoke detectors.

More and more people are concerned about fires starting while they sleep. And
they should be! Reports indicate that a fire breaks out in someone’s home in the
U.S. every 57 seconds. Moreover, 75 percent of the fatalitiés that result occur at
night. Since smoke can be detected in the early stages of a fire, it can be an ally to
save your life rather than take it. So it's no surprise to learn that electronic smoke
detectors are selling in the millions of units, rocketing upward at a 45-degree angle,
with no end in sight. :

There are a variety of fire alarms, of course. Heat-sensitive alarms, for instance,
provide an audible warning when they detect a temperature above 135 degrees
Fahrenheit (57.2°C). But unless a fire occurs in the immediate vicinity of this type of
alarm, a waring won't be provided until the fire (including smoke) has reached a
very serious stage. An electronic photoelectric detector, in contrast, can sense
visible smoke, issuing an earlier waming of impending disaster. lonization sensors
(containing a minute, “harmless” particle of radioactive material), however,
provide an earlier warning when the combustion product is barely visible. And the
highly sensitive Taguchi sensor employed in a construction project here last year
(August 1976) can quickly detect paint fumes, gas leaks, carbon monoxide, and
other noxious fumes, too.

According to Consumer Reports (January 1877), one should install two types of
fire detectors: an ionization type and a photoelectric type. Their reasoning is based
on the fact that the latter are very sensitive to smoke from smoldering fires (the
causes of the majority of residential fire deaths) but react slowly to hard-to-see
combustion products from flaming fires (the second largest cause of fatalities). The
ionization detector is said to perform essentially in the opposite manner. CU aiso
takes issue with the Public Citizen's Health Research Group’s report that urges a
ban on ionization-type smoke detectors due to its radioactive metal. In CU's
judgement, the fears are unwarranted.

At this time, there are some 66-million households in America without a smoke-
or fire-warning system. That seems a shame when one considers thatin 1974,
according to GE, more than 300,000 Americans were injured or died from fires,
while property loss exceeded $3 billion. State code requirements springing up
across the country are sure to change these frightening statistics in time by
requiring smoke alarms in all new homes and apartments. Half of the states,
however, have no such smoke-alarm code (though most states do for mobile
homes).

With so many moderately priced ($35 to $60) smoke detectors on the market,
both battery-powered and wired, there’s no reason why people shouldn't take full
advantage of this electronic safety device to reduce the risk of tragedy. Our sense
of values should certainly place these electronic devices ahead of the new coffee
makers—whose unit sales now almost triple those of smoke alarms. Life before
pleasure, | say.
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The Digital Group adds character).

The Digital Group’s computer
systems have a lot of character
already. Just one quick look at
any of our products in their
unique custom cabinets con-
firms that. But we believe it
never hurts to add a bit more.

So, the Digital Group has added
character in a big way to give an
added dimension to the opera-
tion of our video-based com-
puter systems. We are pleased
to announce our new readout with a 64-character line.
It will give your system a ﬁreat deal more capability. Give
it more character, if you will.

Here are the specifics on the Digital Group TV Readout
and Audio Cassette Interface:

1024 Character TV Readout
¢ 64 characters horizontal by 16 lines
¢ 7x9 character matrix (effectively 7x12 due to char-
acter shifting)
¢ 1K on-board RAM for buffer storage—requires
no main memory—completely independent
¢ 128 character ASCII
Upper case alpha g
Lower) case alpha with base line extenders (g,
)P, Y
Numbers and extended math symbols
Greek alphabet
Software driven cursor—forward and backward

Compatible with most microprocessors; Interfaces

with 1 8-bit parallel output port

* Timebase may be driven with an external timebase
(may be synchronized to TV camera, TV set, etc.)

* Readout timebase available at connector (can be

used for graphic driver, etc.)

White characters on black, and/or black on white;

software selectable

* Plugs into standard dual 22-pin TVC connector on
Digital Group Systems

Improved Audio Cassette Interface:
¢ Reliable FSK recording technique
¢ Uses standard unmodified audio cassette recorder

APRIL 1977

* Write cassette system
uses a digitally synthe-
sized frequency shift
system, derived from TV
system’s master crystal
oscillator

¢ Read cassette system
easily aligned using the
write system as an align-
ment aid.

* Runs at 1100 baud
(100 characters/second)—loads
16K in 3 minutes

512 TVC to 1024 TVC Upgrade Kit:

As always, when the Digital Group extends the capabilities
of our systems, it doesn’t mean obsolescence for any
Eroducts. We are offering an upgrade kit for Eresent Digital

rou §Iystem owners who wish to go to the longer line
length. This kit uses most of the IC’s from our TVC-F read-
out. No unsoldering is required; all new sockets, capac-
itors, resistors, PC board and other necessary parts are
supplied.

Prices:

TVC-64—Full 64-character TV Readout & Audio Cassette
Interface:

Kit — $140 Assembled — $205

TVC-64UPG—Upgrade kit from TVC-F:
Kit — $65

If you already own a Digital Group system, our 64-charac-
ter line will definitely enhance its operation. If you're just
looking, you might want to keep in mind that the Digital
Group has a lot of characters.

Write or call now for details on our new 64-character TV
readout and all our other exciting products.

(the dighelgroup )

box 6528 denver, colorado 80206 (303) 777-7133
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Autoranging
Frequency
Counting

to GO NIHz
with
1Hz

Resolutio

B&K-PRECISION MODEL 1801 $240

e For laboratory, production line
or maintenance applications

e Automatic ranging, 20 Hz to
40 MHz is guaranteed...readout
to 60 MHz is typical

e TTL circuitry updates the six-
digit display five times per
second

e Resolution to 1 Hz obtained by

suppressing digits above 1 MHz
when switching to 1 SEC mode

MHz display of
3.579548 MHz input (AUTO mode)

RERCERT

KHz display of overflow of
3.579548 MHz input (1SEC mode)

e Available for immediate delivery,
from local B&K-PRECISION
distributors

e 10-day free trial offer

1 PRECISION

PRODUCTS OF DYNASCAN

6460 West Cortland Avenue
Chicago, lllinois 60635 « 312/889-9087
In Canada: Atlas Electronics, Toronto
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Letters

SWEEPING OUT THE “BUGS”

In my article “Current ‘Foldback’ Protects
Power Supply and Load” (p 59, February
1977), two small bugs seem to have crept
into the published form. In the next-to-last line
of the fourth paragraph, the minimum voltage
differential should be 3.0V, not 30 V.

In the second paragraph under “Calcula-
tions,” the equation for R2A is not really

needed, but there should have been an open-

parenthesis mark before Vggg.—Jerome
May, Chicago, IL.

CONTACTING THE GALAXY

In reading the December 1976 Editorial, |

noticed a small but significant error in the last
paragraph. The message we transmitted into
space was at a frequency of 2380 MHz, not
1420 MHz as stated in the Editorial. There is
a lot to be said about the advantages and dis-
advantages of sending messages to outer
space at 1420 MHz, but as far as | know, the
only serious intent has been the Aricebo
message, and it was on 2380 MHz (12.6
cm).—Rafael Morales, National Astronomy
and lonosphere Center, Aricebo, Puerto
Rico.
The 1974 Arecibo “digital” message was in-
deed the most serious effort made. However,
1420 MHz was proposed as early as 1959
since it's the spontaneous frequency gener-
ated by the most abundant constituent in the
universe, hydrogen. Some scientists argue
also for twice or half its frequency, others for
slightly below 1700 MHz. The latter is as-
sociated with OH molecules which, combined
with H, makes H,0, leading to the interesting
thought of a potential universe radio meeting
at the “water hole.”

CATCHING GREMLINS

The article “Propagation Delay—The Logic
Gremlin” (December 1976) was very infor-
mative. | would, however, like to call your at-
tention to the timing diagram in Fig. 4. The
waveform shown in Fig. 4B is labeiled “NOR"
when it should have been labelled “OR.” The
proper waveform would be exactly inverted,
of course.—John Simmons, Birmingham, AL.

ORGAN TUNING

| note under the heading “Electronic Organ
Tuning Advance” in the “News Highlights”
section of the December 1976 issue that
Schober Organ has introduced a digital IC
tone generator that eliminates the need for

tuning adjustments. This single-oscillator di-
vider-type tone generator has been standard
in all Hammond organs since 1973 and has
appeared in some Lowery organs for three
years. —Phil MacArthur, Austin, TX

Your piece on “Electronic Organ Tuning
Advance” in December 1976 is in error. What
is incorrect is the statement: “Before the de-
velopment of [the Schober] digital IC system,
only organs with rotating mechanical genera-
tors did not require tuning.” The Alien Organ
Company's Digital Organs have not required
tuning for more than five years.—David L.
George, National Service Manager, Allen Or-
gan Co., Macungie, PA

LOGIC ANALYZER ADDRESS

Due to an oversight, the complete address
was omitted from the Parts List for the “Low-
Cost Digital Logic Analyzer” (February 1977,
p 40). it should be: Paratronics inc., Dept.
100, 150 Tait Ave., Los Gatos, CA 95030. In-
cidentally, a complete assembled and tested
Analyzer (Model LA-100AT) is also availa-
ble.—!. Spector.

INTERFACING TYPEWRITER

In your January “"Computer Bits” column,
the author mentioned using a converted Se-
lectric typewriter for an output terminal. | am
interested in doing this but don't know quite
where to start.—Stuart C. Kramer, Fairborn,
OH.

A book, Interfacing Selectrics to the 8080,
is available for $12, prepaid, from the Center
for the Study of the Future, 4110 N.E. Alame-
da, Portland, OR 97212. It includes hardware
schematics, timing, and interface software.
The Selectric mechanism can serve as a ter-
minal for applications such as word process-
ing, mailing labels, stencil preparation, news-
letter composing, correspondence, informa-
tion retrieval, etc.

GRAPHIC ERROR

After checking the distortion curves on
pages 30 and 32 of your January issue, | find
the following errors: On page 30, the captions
for the top two diagrams are reversed and the
top three: curves in the left-hand diagram
should be deleted. On page 32, in the upper
left diagram, the lower dashed and the lower
solid curves should be deleted and the num-
bers on the abscissa should be divided by
10.—Alex Azelickis, Morton Grove, IL.

So much for Christmas parties!

Out of Tune

In the “Conference Talk Timer,” February
1977, P.63, the following connections to S2in
the schematic should be deleted: Pin 5 of IC?
at the 35-minute position; Pin 5 of IC1 at the
50-minute position. The following connection
to S2 should be added: Pin 5 of IC1 at the 45-
minute position.

POPULAR ELECTRONICS



This Library is the most comprehensive work of its kind to date. There are other
software books on the market but they are dedicated to computergames.

The intention of this work is to allow the average individual the capability

to easily perform usefut and productive tasks with a computer. All of the
programs contained within this Library have been thoroughly tested and
executed on several systems. Included with each program is a

description of the program, a list of potential users, instructions for

execution and possible limitations that may arise when running

it on various systems. Listed in the limitation section is the amount

of memory that is required to store and execute the program.

Each program’s source code is listed in full detail. These source
code listings are not reduced in size but are shown full size for
increased readability. Almost every program is self instructing

and prompts the user with all required running data.
Immediately following the source code listing for most of
the programs is a sample executed run of the program.

This Library is destined to become one of the reference
bibles for the small computer field, due to its versatility
and unigueness and the ease of operation of the programs
it contains. These volumes are deductible as a business
expense when purchased by a company. Send your
remittance for prompt delivery, while supplies last.

This LIBRARY is a complete do it yourself kit. Knowledge Volume discounts are available to qualified dealers.
of programming not required. EASY to read and USE. The entire Library is 1000 pages long, chock full of
Written in compatible BASIC immediately executable in program source code, instructions, conversions, memory
NY 5 . requirements, examples and much more. ALL are written
A computer with at least 4K, NO other peripherals in compatible BASIC executable in 4K MITS, SPHERE,
needed. IMS, SWTPC, PDP, etc. BASIC compilers available for
8080 & 6800 under $10 elsewhere.
VOLUME ONE Pert Tree Pony saa
Rate Roule!te VOLUME FOUR
Part 1 Return 1 Sky Diver
Return 2 Tank BIngo
BOOKKEEPING Schedule 1 Teach Me 9
Bond Bonds . 098
Building Part 2 PICTURES Bull 1
Compound A. Newman Enterprise
Cyclic GAMES J.F.K. Football AWARE
Decision 1 Animals Four Linus Funds 1 SOFTWAR
Decision 2 Astronaut Ms. Santa Funds 2 \ \BR:\R\
Depreciation Bagel Nixon Go-Moku ? oLUME 1V
Efficient Bio Cycie Noel Noet Jack Ry
Flow Cannons Nude ac 4 \
fnstatiment Checkers Peace Life ¥ Wit e e -
interest Craps Policeman Loans -
Investments Dogfight Santa’s Sleigh Mazes ia
Mortgage Golf Snoopy Poker ¢ 2
Optimize Judy Virgin Popul
Ol Lz U Profits vy
Qubic = ¢
Ratgs
VOLUME TWO Rand 2 Differences gaevt.lrr‘e
Solve Dual Piot SBAI gs
Part 3 Sphere Trian E xp-Distri 2
Stars Least Squares Tic-Tac-Toe
MATH & ENGINEERING Track Paired
Beam Triangle Plot
Conv. Variable Plotpts
Fil Vector Polynomiat Fit
F;tter Regression VOLUME | & Il — $24.95 each
. P 4
e . ) voruur 1 VOLUME Il — $39.95 each
Intensity PLOTTING & STAT T-Distribution VOLUME IV — $g 95 each
Lola Binomial Unpaired \ .
Macro Chi-Sq. Variance 1
Max. Min. Coeff Variance 2 J
Navefss SomiHensed bV _— Add $1.50 per volume for postage and
Planet Correlations APPENDIX A e handling.
PSD Curve BASIC
Rand 1 om STATEMENT DEF
VOLUME THREE BASIC E\
‘:"\\I\R
Part 5 SO Y
ul BRA
ADVANCED BUSINESS Yark Stoch Exehans
Billing =
1
Pavroll
Risk ‘BANKMERCARD:
s h d | 2 ‘ usteewn bew
Shipping Phone Orders call (800) 638-9194 o
eV Information and Maryland Residents Call (301)-721-1148
» ‘\L‘“mﬂ"
¥
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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 S

radio equipment "

(including CB),
AM and FM

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
~e— B communications field of your choice.

Transmission and Reception,
Television Broadcasting,
Microwave Systems,
Radar Principles,
Marine Electronics,
Mobile Communica- HE
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. . : N
You will learn to service all types of communi- NRI now offers a special course in CB Servicing.
cation eauipment. with the one unit that is You get 37 lessons, 8 reference texts, your own

. quip : . . CB Transceiver, AC power supply and multi-
designed mechamcally.and electronically to train YA o o o o2 Bereom (i, (s fndueed
you for CB, Commercial and Amateur communi- are 14 coaching units to make it easy to get
cations: a digitally-synthesized 400-channel VHF

: J-Ch your commercial radio telephone FCC license—
transceiver and AC power supply. This 2-meter enabling you to test, install, and service com-

unit gives you ‘“‘Power-On” training. Then we munications equipment.
help you get your FCC Amateur License with

8 POPULAR ELECTRONICS

NEW CB SPECIALIST
COURSE NOW OFFERED
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NRI offers you five TV/Audio s
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 APPROVED UNDER Gl BILL
testmg l?StrumentS’ etC‘. ‘YOU can pay KO bUt if taken for career purposes Check box on card for details.
you can’t get better training.

NRI SCHOOLS

McGraw-Hill Continuing Education Center
3939 Wisconsin Avenue,

. Washington, D.C. 20016

with NRI in 62 years. N
Mail the insert card and discover for yourself why c-‘*.
NRl is the recognized leader in home training. No H
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New Products

Additional information on new products
covered in this section is availafle from
the manufacturers. Either circle the item’s
code number on the Reader Service Card

“inside the back cocer or write to the man-

ufacturer at the address gicen.

SHERW00D ““COMPUTERIZED" FM TUNER

Modern computer technology in the Micro/
CPU 100 FM tuner from Sherwood provides
features not found in other tuners. One is a
unique call-letter indicator that can be user
programmed for stations in his area. With it,
stations can be quickly located even when
the frequencies are not known. A computer-
controlled auto-scan function allows the user

to scan up or down the FM band in either the
mono/stereo or stereo-only mode. There is
also a user-programmable memory system
for instant recall of any of up to four preselect-
ed stations. An infrared laser tuning system
substitutes for the conventional flywheel sys-
tem. Additionally, the tuner has what is
claimed to be the most advanced digital de-
tector in use today and PLL's in the tuning
system and multiplex decoder. Backing up
the call-letter display are numeric LED dis-
plays for station frequency identification and
a separate analog dial scale that uses LED's
to eliminate moving parts. $2000.
CIRCLE NO 89 ON FREE INFORMATION CARD

TRAM 40-CHANNEL CB TRANSCEIVER

The Tram D42 is a mobile, 40-channel AMrig
with 4 watts r-f output, 100% modulation ca-
pability, 0.5 wV receiver sensitivity for 10 dB
(S + N)/N and adjacent channel rejection of
more than 70 dB, according to the manufac-
turer. It features r-f and mike gain controls, an
ifluminated SWR/"S"/r{ meter, variable

ANL, switchable noise blanker, and a 3-kHz
delta tuning control. The unit also boasts a

12

dual-conversion receiver circuit, a tone con-
trol, and PA capability. Dimensions are 23%"H
x 7"W x 914"D (6 x 17.5 x 24 cm). $250.

CIRCLE NO 9% ON FREE INFORMATION CARD

0.K. WIRE-WRAPPING TOOL
The new BW-630 Hobby Wrap from O.K. Ma-
chine and Tool Corp. is a battery-powered
tool for wire-wrapping #30 AWG wire onto
standard DIP-socket terminals (0.025"
square). The tool comes complete with a
built-in bit and sleeve for producing the “mod-
ified"-style wrap, as well as a device to pre-
vent overwrapping. Designed for the serious
amateur, the tool weighs 11 ounces and runs
on any standard or rechargeable C-size bat-
teries. $34.95.
CIRCLE NQO. 92 ON FREE INFORMATION CARD

AM/FM/CB “DISGUISE” ANTENNA

“The Little Fooler,” an AM/FM/CB antenna
by Anixter-Mark, is said to deter theft simply
because it doesn't look like a CB antenna, but
rather like an ordinary three-section telescop-
ic antenna that extends from 22" to 57". The
antenna assembly, Mode!l AAF-11-4, in-
cludes an “out-of-sight” universal mounting

L3

coupler that is said to allow tuning for a
VSWR of 1.2to 1 on any of the 40 channels,
coax cable with connectors, and cowl anten-
na. $34.95.

CIRCLE NO 93 ON FREE INFORMATION CARD

SAE NOISE-REDUCTION SYSTEM

The Mode! 5000 from SAE is said to have
been specifically developed to reduce the
clicks and pops (impulse noise) commonly
found in phonograph records. Called the Im-
pulse Noise Reduction System, it uses a logic
circuit that monitors the program material for
the parameters that describe the presence of
impulse noise. When the noise-removal cir-
cuit is activated, the program is turned off for

less than 0.001 second; a reconstruction cir-
cuit then insures program integrity. The sys-
tem is claimed to reduce impulse noise with-
out modifying bandwidth or dynamic range.
Frequency response is reported to be 20 to

20,000 Hz +1 dB; THD and IM distortion are

both rated at 0.1%; S/N at 90 dB below the
rated 2.5-volt rms output. Insertion loss is
stated at less than 1 dB. A sensitivity control
is provided. $200.

CIRCLE NO 94 ON FREE INFORMATION CARD

SPARKOMATIC 40-CHANNEL CB CONVERTER

A new converter that enables any user to
convert a mobile AM or AM/FM receiver to
tune in the 40-channel Citizens Band has
been introduced by Sparkomatic Corp. Fea-

CB Conventer |

s

Sansitivity |

(o it o 1

ce Noise |
Sitencer |

tures include: adaptability to any standard
AM receiver (between antenna and receiver);
40-channe! selector; AM/CB switch that al-
lows selection of desired signal; fine-tune
control for the CB channels; noise silencer,
sensitivity control, and a CB-mode LED.
$39.95.

CIRCLE NO. 95 ON FREE INFORMATION CARD
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ALLISON SPEAKER SYSTEM

The Allison:Four “bookshelf” speaker system
features "Stabilized Radiation Loading,”
which is said to minimize reflected imped-
ance variations that cause proportional
changes in acoustic output power at middle-
bass frequencies. The result is said to be a
uniformity in bass power distribution in listen-
ing rooms. The system contains an 8" (20.3-
cm) top-mounted and upward-facing woofer
and two 1" (2.54-cm) Convex Diaphragm

POPULAR ELECTRONICS



Experience
the excitement of owning the world’s
tinest personal computer -

IMSAI 8080

Waiting for you — all the incredible
performance and power of the
IMSAI 8080. And at a price you
would normally pay for a fine
home music system.

Introduced less than two years
ago, the IMSAI 8080 is sold world-
wide and acknowledged as the
finest personal computer available.

WORLD OF USES

The IMSAI 8080 is a superbly
engineered, quality computer. It is
ersatile, expandable and power-
utting literally hundreds of

applications and uses at your
fingertips. Imagine sitting at your
desk and enjoying interaction with

your IMSAI 8080! Press the on

switch and you’re ready for game
playing, research, education, busi-
ness applications, or for laboratory
instrument control. It has all the
power you need, and more, to
make your application ideas come
alive.

GROWS WITH YOU
The IMSAI 8080 is designed for
many years of pleasure. With its
open-chassis engineering you can
expand your system by adding
peripherals and interfaces. The 22-
slots and 28 amp power supply
mean that you can plug-in today’s,
plus tomorrows modules.

Right now you can add a module
for displaying color graphics and
characters on TV; a ready-to-use
keyboard; small and large printers,
and a single interface that lets
you attach multiple devices includ-
ing a cassette tape recorder. Ex-
pect the latest, exciting equipment
from IMSAI. We are committed
to leadership in this expanding
technology.

EASY TO PROGRAM

With our BASIC language you
can operate the IMSAI 8080
quickly and easily Technically

king personal computer,
urself to the very best —
8080

acior 1708 four-color brochure

4

IMSAI

IMSAI Manufacturing Corporation
14860 Wicks Bivd

San Leandrc, CA 94577
(415Y483-2093

TWX B810-366 7287

European Distributor

Harper Industry Products, Lid.
6079 Sprendlingen 2

West Germany
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aNant

ASTH(]PLANE
CBhase
antennas
give you
patented '’
performance

L

The unique
construction features
are so exceptional
they are covered by U.S. Patent
#3587109. 4.46 db gain over
isotropic provides a stronger
signal in and out.

To make use of the better
signal, the Astroplane radiates
the signal from higher up than
other CB antennas and at a
better angle. According to
Dr. Alva Todd of the Midwest
College of Engineering, ‘it
possesses an unusually low
angle of maximum radiation.”
This low angle of radiation
means that your power is
radiated at the horizon and
not up into the clouds for
greater efficiency.

You'll also get long lasting,
trouble-free performance be-
cause it is compact in design—
without long drooping radials,
without coils to burn or short
out, and high power capacity
for lightning and static dis-
sipation.

$39.95 Suggested Retail
Length 12 Ft. ® Dia.30in.

Free 24 page color catalog

Avanti makes a complete line of
high performance base and mobile
CB antennas
from $11.95 to $404.00

aNanti

RESEARCH AND DEVELOPMENT, INC.
340 Stewart Avenue, Addison, IL 60101

Creators of the famous

CIRCLE NO. 9 ON FREE INFORMATION CARD
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tweeters. The 9-ohm (nominal) speaker sys-
tem requires 30 watts/channel of amplifier
power to produce 100 dB SPL in most do-
mestic listening rooms. Crossover is at 2000
Hz. Size is 19%"W x 11"H x 10D (49.2 x
27.9 x 25cm) and weight is 23.5 Ib (10.7 kg).
$175.

CIRCLE NO. 96 ON FREE INFORMATION CARD

EICO COLOR-BAR PATTERN GENERATOR
Eico has introduced a 12-0z, hand-sized
Model 388 color-bar pattern generator for
testing and aligning color and monochrome
TV receivers. Designed around an LSI IC air-
cuit, it provides nine different patterns, includ-

ing gated rainbow, single dot, dot raster, sin-
gle and multiple horizontal and vertical lire,
single crossbar, and crosshatch. Operates
from two 9-V batteries or NiCd cells, and fea-
tures a power-on LED indicator and a crystal-
controlled oscillator. $99.95.

CIRCLE NO. 97 ON FREE INFORMATION CARD

THORENS TURNTABLES

The new line of turntables from Thorens fea-
tures reduced effective tonearm mass. To
accomplish this, the turntables use plug-in
“Isotrac” tonearms that move the plug-in con-
nection from the stylus shell to near the tone-
arm pivot, resulting in an effective mass of
only about 7.5 grams. At the top end of the
line is the three-speed Model TD-126C tran-
scription turntable ($625). It has illuminatad
pushbutton controls for speed selection, ap-
erating modes, and cueing. Solid-state

switching provides speed selection and end-
of-play tonearm lift, with or without motor
shutoff. The speed of the motor is governed
by a stable solid-state Wien-bridge oscillator
that is unaffected by line variations. An "Eiec-

tronic Velocity Sensor” circuit provides auto-
matic tonearm lift and motor shutoff. Wow
and flutter is 0.04% (DIN), weighted rumble is
70 dB. Dimensions with dustcover are
19%" (50.5 cm) x 15%" (39.5 cm). Prices of
other models range from $215 to $325.
CIRCLE NO. 98 ON FREE INFORMATION CARD

CROMEMCO Z-80 CPU CARD

Cromemco's new CPU card is said to use se-
lected versions of the Z-80 microprocessor,
with a clock rate of 4 MHz. The card, compat-
ible with the Altair bus, also has a switch-

selectable 2-MHz clock rate. The card is de-
signed to be used with slower memory or I/0
devices even when using the 4-MHz rate, by
incorporating jumper-selectable wait states in
the design. The card also permits jumping to
any 4k boundary in memory when power is
turned on, avoiding the use of panel switches
to select a desired memory location. The
Z-80 MPU has 158 instructions, compared
with the 8080 MPU's 78.
CIRCLE NO. 93 ON FREE INFORMATION CARD

ADVENT CASSETTE DECK

The Model 201A is a new cassette deck from
Advent. It uses a new record/play head made
of Sendust alioy that is said to combine the
preferred performance characterisfics of Per-
malloy with the durability of ferrite. Also, a
headphone amplifier is now built into the
deck. The Model 201A retains the Dolby
noise-reduction system and equalized peak-
indicating metering system first used in the
Model 201. Among the new deck’s more im-
portant specifications are: 28 to 15,000 Hz
+2 dB frequency response; 0.15% wow and
flutter, better than 60 dB with CrO, and 57 dB
with regular tape S/N (referred to 0 dB with
Dolby system on and A weighting); and less
than 0.1% distortion. The deck is fully auto-
matic, with end-of-tape shut-off that disen-
gages the pinch roller and heads from the
tape. $399.95.

CIRCLE NO. 100 ON FREE INFORMATION CARD

Editor's Note: In the February, 1977, New
Products, page 12, the price of the Heathkit
“Computer” Color TV was given as $279.95. It
should have been $699.95.

POPULAR ELECTRONICS



‘e

He has somethin’ to say to all
CB’ers —old or new.

* The history and future of CB
* The hottest new CB slang
from around the country
* City CB'n
* Country CB'n
* How to get the max out of your rig
» CB courtesy, safety, theft prevention and fun
* Shakin’ the “CB Jeebies”
» The sunspot “crisis”
» The Trucker’s Prayer
* Gettin’ into The Squelch Squad

PLUS - 2 ORIGINAL
CB HIT SONGS!

*“On the Road”
(the story of a once-lonely trucker)
*“Get a Copy”
(with impersonations of famous people
talkin' on their CB's)

Plus other original music, from country to rock.

And lots more! Order yours today!

Available on LP, 8-track, or cassette.

®1977 Audio Products, Inc.
20969 Ventura Blvd., Woodland Hills, Calif. 91364

©1977 Audio Products, Inc. All Rights Reserved

and his first album of CB songs & stories.

GET A COPY ON BODACIOUS.

10-4 Bodacious. You're talkin' on my channel. Send me:

r------------1

LP(s) @ $6.95

8-track tape(s) @ $7.95

cassette tape(s) @ $7.95
Total of order:

(Check or money order please) (Calil. residents add 6% sales tax.)

Charge to my:
O BankAmericard #

or O Master Charge #

Exp. Date

"Signature

Name

Address

City

State Zip

Mail orders to: BODACIOUS BOB
Box 1020- Woodland Hills, Ca. 91364
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New Literature

SURGE-SUPPRESSION DATA SHEET

Designing surge suppression circuits to pro-
tect thyristors from load-induced faults is the

topic of a new application data sheet from
Westinghouse. The six-page “Thyristor Sur-
ge Suppression Ratings" (No. 54-550) ap-
plication sheet contains graphs that help the
designer to choose the proper device for a
given surge suppression requirement. Proper
use of the graphs is out-lined by an easy-to-
follow design example. Address: Semicon-
ductor Div., Westinghouse Electric Corp.,
Youngwood, PA 15697.

STEAEO EQUIPMENT CATALOG
The complete line of open-reel recorders,
cassette decks, and stereo receivers is listed
in Tandberg's new Hi-Fi Stereo 76/77 cata-

Both of these are
made in Elkhart, Indiana
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The one on the right
provides permanent relief
from the pain of headache caused
by poor room response

The good sound thzt comes out
of your speakers can be different
by the time it gets to wherever
your ears are. Air,walls, rugs,
d-apes, furniture — can all affect
: frequency response.
~ The new Crown EQ-2 Equalization

System is designed tocorrect that

Sedl,

Lﬂ%{lﬂhejd.éChggr

he system

includes the Crown EQ-2 eleven-
band, octave-center, stereo

equalizer; plus the Crown equali-
zation record, room response chart 5
paper, and a manual which tells §
you how to make it happen. 1

Write today for full-color brochure.

The information could be vér'y?'god% ]
s =il .
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log. Consisting of 28 pages, the catalog illus-
trates all products listed in full color and in-
cludes brief descriptions and technical speci-
fications of each product. Address: Tandberg
of America, Inc., Labriola Ct., Armonk, NY
10504.

POLICE CALL DIRECTORY

The Hollins Radio Data “1977 Police Call Ra-
dio Directory” is published in nine regional
volumes, each containing four sections. List-
ed both alphabetically and by frequency,
Parts | and !l contain police, fire and other FM
radio systems, with supplemental data in-
cluding callsign, transmitter location and type
of station. Part Il is an allocation table of
land-mobile radio usage. It contains some of
the U.S. Government channels. Part IV pro-

l vides the base and mobile frequencies used
in the U.S. National parks and forests. These
include shore resorts and recreation areas.
Price per volume, $4.95. Address: Hollins
Radio Data, P.O. Box 35002, Los Angeles,
CA 90035.

‘ CB ACCESSORIES FOLDER

A new folder from RMS Electronics describes
| many CB accessories, such as a CB window

antenna mount, a CB antenna trunk mount
designed to prevent theft and damage, slide

lock mounts, speakers, cables, connectors,
dummy loads, microphones, filters, etc. Ad-
| dress: RMS Electronics, Inc., 50 Antin Place,

Bronx, NY 10462
i

DIGITAL TIMING PRODUCT CATALOG

Chrono-Log offers a condensed catalog of its
digital timing products, including digital clock/
calendars, time-code generators and read-
ers, as well as video character generators,
output buffers, up/down digital clock/coun-
ters, and communications couplers. Address:
Chrono-Log Corp., 2 West Park Rd., Haver-
town, PA 13083.

‘ MICROCOMPUTER CATALOG

A 64-page microcomputer catalog from New-
man Computer Exchange lists everything
from disk-based microcomputer systems to
individual IC’s, plus a variety of peripherals,
software and components. They stock com-
puters from Imsai, MOS Technology, DEC
(LSI-11), OSI, HAL, and others. Address:
Newman Computer Exchange, 1250 North
’ Main St., Ann Arbor, M148104.

COMPUTER SERVICES DIRECTORY

Telenet Communications Corp. offers a 42-
page directory of data banks, commercial
service bureaus and colleges and universi-
ties that provide dial-up access to their com-
puter facilities over the nationwide Telenet
network. More than 40 organizations are
cross-referenced by application specialties,
programming languages, and data-base of-
ferings. Address: Marketing Services, Telen-
et Communications Corp., 1050 17th St,
NW, Washington, DC 20036.
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you dont
listen to the
Redalistic
MachOne...
Voll e

experience
it

\

Realistic® and Radio Shack lower the cost of thrillirg
theatre-like sound. 22 years of design know-how and sales of
a million speakers annually have shown us how. Powerful 15"
woofer. Multi-cell midrange horn. High-compliance tweeter
horn. Removable grille for easily balancing midranges and trebis
response. And genuine walnut veneer cabinetr. It's g real
experience to hear the Mach One at live-performanse listening
levels. Bring in your favorite LP and we'll give you a thundering
demonstration that will change your notions a3out who's reelly
pioneering in hi-fi. Buy the amazing Mach On=z anc we'll also
give you a 5-year limited warranty. Ask for 40-4024 at your
nearby Radio Shack store or participating dezler, 19933~

* Price may vary a! individual stores and dealers

SOLC ONLY WHERE YOU SEE THIS SIGN:

ey ®
[ : m“"" Use your credit card
b at most stores

A TANDY CORPORATION COMPANY o FORT WORTH, TEXAS 76107

Radio Shack operates as Tandy International Electronics in Austral a, England, Belgium, holland, Gerruany, France: and as Tandy Radic Shack in Japan.
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Don’t scttle for Iess. Especially when it comes to
electronics training . . . becanse everything else in your life
may depend on it. That’s why you ought to pick CIE?



You’ve probably seen ad-
vertisements from other
electronics schools. Maybe you
think they’re all the same.
They're not?

CIE is the largest indepen-
dent home study school in the
world that specializes exclu-
sively in electrouics.

Meet the FElectronics
Specialists.

When you pick an electronics
school, you're getting ready to invest
some time and money. And your
wholc future depends on the educa-
tion vou gct in rcturn.

That's why it makes so much
sensc to go with number one . . . with
the specialists. . .with CIE!

There’s no such thing as
bargain education.

If vou talked with somc of our
graduatcs, chances arc you'd find a
lot of them shopped around for their
training. Not for the lowest priced
but for the best. They pretty much
knew what was available when they
picked CIE as number one.

We don’t promise you the moon.
We do promise you a proven way to
build valuable carecr skills. The CIE
faculty and staff are dedicated to
that. When vou graduate, your di-
ploma shows cmployers you know
what you're about. Today, it’s pretty
hard to put a price on that.

Because we’re special-
ists, we have to stay
ahead.

At CIE, wc’ve got a position of
leadership to maintain. Here arc
some of the ways we hang onto it. . .

Our step-by-step learning
includes “hands-on”
training.

At CIE, we believe theory is
important. And our famous
Auto-Programmed® Lessons teach
vou the principles in logical steps.

But professionals need more
than theory. That’s why some of our
courscs train you to use tools of the
trade like a 5 MIlz triggcred-swcep,
solid-state oscilloscopc vou build
yourself —and use to practice trouble-
shooting. Or a beauty of a 19-inch
diagonal Zenith solid-state color TV
you use to perform actual service
operations.

Our specialists offer you
personal attention.

Sometimes, you may even have
a question about a specific lesson.
Fine. Write it down and mail it in.
Our experts will answer you
promptly in writing. You may even
get the specialized knowledge of all
the CIE specialists. And the answer
you get becomes a part of your per-
manent reference file. You may find
this even better than having a class-
room teacher.

Pick the pace that’s right
for you.

CIE understands people need
tolearn attheir own pace. There’s no
pressure to keep up. .. no slow
learners hold you back. If vou're a
beginner, you start with the basics.
If you already know some elec-
tronics, vou move ahead to your
own level.

Enjoy the promptness of
CIE’s “same day” grading
cycle.

When we receive your lesson
beforc noon Monday through Satur-
day, we grade it and mail it back —
the same day. You find out quickly
how well you're doing!

CIE can prepare you for
vour FCC License.

For some clectronics jobs, you
must have your FCC License. For
others, employvers often consider it a
mark in your favor. Either way, it's
government-certified proof of your
specific knowledge and skills!

More than half of CIE’s courses
prepare you to pass the government-
administered exam. In continuing
surveys, nearly 4 out of 5 CIE gradu-
ates who take the exam get their
Licenses!

For professionals only.

CIE training is not for the hobby-
ist. It’s for people who arc willing to
roll up their sleeves and go to work
... tobuilda career. The work can be
hard, sure. But the benefits are
worth it.

Send for more details
and a FREE school
catalog.

Mail the card today. If it’s gone,
cut out and mail the coupon. You’'ll
get a FREE school catalog plus com-
plete information on independent
home study. For your convenience,
we’ll try to have a CIE representa-
tive contact you to answer any ques-
tions you may have.

Mail the card or the coupon or
write CIE (mentioning name and
date of this magazine ) at: 1776 East
17th Street, Cleveland, Ohio 44114.

Patterns shown on TV and oscilloscope screens are simulated.

r-----------------l

Cleveland Institute of Electronics, Inc.

1 ClI
0

1776 East 17th Street, Cieveland, Ohio 44114
Accredited Member National Home Study Council

I [J YES...Iwant the best of everything! Send me my FREE CIE school

of home study information.

Print Name

Address__ _
City —

State

Age == -

] MAIL TODAY!
|

Check box for G.I. Bill information: [] Veteran

catalog —including details about troubleshooting courses —plus my FREE package

PE-32

_Apt. i =

Zip.

_Phone (area code) _

[ Active Duty



Stereo Scene

THROUGH THE MICROPHONE

AST month's column raised the

question of live music and whether it
bears any resemblance to what we hear
from recordings. This month’s column
raises the question of why it might, or
might not. The music we listen to on our
phonographs and tape decks is a pack-
age assembled by a group of people
generally recognized as having some
talents along these lines. They have the
opportunity (or at least some of them do)
to hear the sound as it comes from the
live musical instruments, and they make

By Ralph Hodges

the decisions as to what's to be done
with it before it is committed to vinylite or
ferric oxide.

We know that the recording arts are
capable of perpetrating grotesque dis-
tortions, both deliberate and accidental,
on musical sound. Also, the will or the
whim of the producer, artists, and some-
times the engineer generally prevails in
these matters. What about these peo-
ple? Do we share any philosophical or
aesthetic grounds with them? What are
their priorities when they approach a re-

cording job? Do they care—in the sense
that we'd like them to care—about what
they are doing?

The answers to these questions, if
there are any, lie in the recording ses-
sions, and what follows is a blow-by-
blow description of one that took place
just recently. The events are typical only
insofar as no recording session is typi-
cal. Fundamentally, this attempts to be
an account of what happens when a
group of intelligent, experienced, and
very serious people go about putting a
little bit of music on tape.

The Setting. St. George's church in
the Gramercy Park section of Manhat-
tan, is the grandiose setting for the ses-
sion. It has a high, peaked roof and a
generously proportioned apse behind
the pulput, where the orchestra is ar-
rayed. | arrive in time for the first after-
noon session, which is just beginning to
pull itself together amidst the wreckage
of pastrami sandwiches and coffee
cups. Everybody is highly stimulated by
the sound that is coming from the old
church, and indeed it is fabulous—bril-

The control-room setup, showing the console, a corner of the tupe
transport (right), the scope and voltmeter (far left), and the mysterious cassette deck.
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ANDA

Chances are, the name on his radio will
be Motorola’"

The same Motorola that now makes a
CB radio for your car.

Like our professional radios, a Motorola
CB is exceptionally simple to operate.

It has features like gain control, audio
compression, and noise limiting built in,
fully automatic.

The result is truly outstanding talk/
listen performance. Because the radio is in
control. Rather than you.

A digital phase lock loop synthesizer

| 4

makes tuning precise. Again, automatically.

A professional-quality 3%-inch top-
fire speaker produces an audio fidelity "
that must be heard to be fully appreciated.

A Motorola CB is completely solid state
and standardly equipped with a power mic
that doesn’t have batteries that can fail.
That doesn’t cost extra.

N

Of course, there’s one feature a Motorola
CB offers that’s not in the specs.

And that’s reliability.
Police get it :

with the name £
Motorola. \
SO can \

you.

Motorola CB

From the voice of experience in 2-way redio.

To find the dealer nearest you, write: Customer Relations Manager, Motorola Inc., Automotive Products Division, 333 Narthwest Ave.. Northlake, lllinois 60164.@“\

Motorola is a registered trademark of Motorola Inc.
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Empire’s
Blueprint For
Better Listening

No matter what system
you own, a new Empire
phono cartridge is certain
to improve its performance.

The advantages of
Empire are threefold.

One, your records will
last longer. Unlike other
magnetic cartridges,
Empire’s moving iron
design allows our diamond
stylus to float free of its
magnets and coils. This
imposes much less weight
on the record surface and
insures longer record life.

Two, you get better
separation. The smali,
hollow iron armature we
use allows for a tighter fit
in its positioning among
the poles. So, even the
most minute movement is
accurately reproduced to
give you the space and
depth of the-original
recording.

Three, Empire uses
4 poles, 4 coils,and 3
magnets (more than any
other cartridge) for better
balance and hum rejection.

The end result is great
listening. Audition one for
yourself or write for our
free brochure, “How To
Get The Most Out Of Your

Records.’ After you com-
pare our performance
specifications we think
you'li agree that, for the
money, you can't do
better than 7

Already'your system sounds better.

Empire Scientific Corp.
Garden City, New York 11530
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liant, spacious, and instantaneous in its
dynamic response. One of the cellos is
tuning up on the platform, and the glossy
brown timbre of the instrument envelops
and penetrates you with its warmth and
vigor.

The orchestra is the Philharmonia Vir-
tuosi, a string ensemble of perhaps
twenty pieces, and the occasion is four
LP sides—two for Columbia and two for
Vox—to be recorded one after another,
marathon-wise. The orchestra knows its
business, and has been through it all be-
fore. Nerves, heartburn, and tempera-
ment notwithstanding, it should be able
to get through it all again.

Judy Sherman, the producer, is on the
platform supervising the seating of the
orchestra. It has been decided, pretty
much against customary practice, to ex-
ploit the antiphonal effects of the music
by placing the second violins on the
right. It is also hoped that this will result
in something close to an ideal balance of
the ensemble’s overall sound. As much
as possible the balancing will be
achieved by moving musicians around;
the microphone positions, until proven
less than optimum, will be disturbed as
little as possible.

The engineer, John Woram, is gallop-
ing back and forth between the church
proper and the control room, which has
been set up in a passage leading to a
small chapel off to the side. Periodically
he halts to peer quizzically at the micro-
phones, as if they were disputing the
evidence of his own ears as to the activ-
ity on stage. Since it would be folly to
throw away the free gift of the church’s
sound by close miking, the mikes have
been placed well away from the orches-
tra. The principal mikes, three condens-
er cardioids, are perhaps twenty-five
feet from the violins, perched on stands
and booms that raise them about that
distance from the floor. The spread be-
tween left and right is about fifteen feet
(the center mike is of course mixed into
both channels equally.)

Some fifteen feet behind these is a
pair of cardioid dynamic mikes, spread
just a bit wider than the front principal
mikes. These can be mixed into the left
and right channels at will to provide
more “church”. To judge from the setup
of the mixing console, these mikes con-
tributed at a level about 15 or so dB low-
er than that of the principal mikes
throughout the session.

The Control Room. The trip to the
control room is something like a journey
on a Mdbius strip. You leave the church
only to re-enter the church, so close is

the sound from the monitor loudspeak-
ers to that of the real thing. The control
room set-up is orthodox. The mikes di-
rectly feed a twelve-in/four-out semi-
portable console, made by Sound Work-
shop. From it a two-channel signal
emerges to feed the Dolby processors
and a hefty studio recorder (half-track
stereo) off to the side. However, in his
infinite shrewdness John has put an os-
cilloscope and an ac voltmeter across
the output of the console. If anything
goes wonky in the recording chain he
will be in an excellent position to say
what, and quickly. There is also a piece
of gear that you'd never expect to find in
such surroundings: a cassette deck (!),
of well-known make and reputation. Pre-
sumably John uses this to make a reli-
able record of the sequence of takes, to
assist in the editing job. Or maybe he
sells cassette recordings to record com-
panies. in any case, one doesn't ask idle
questions of a man whose time (in this
context) is worth about a zillion dollars
per minute, so the method in his mad-
ness must remain a secret. (Your mad-
ness wouldn't remain secret for long if
you tried to make a tape without giving
the artist a copy. The cassettes were for
the conductor, Dick Kapp—JM. Wo-
ram.)

The orchestra begins rehearsing the
first piece, a charming little baroque
march that requires exacting ensemble
work. The oscilloscope (providing an
X-Y stereo display) reveals the obvious:
except for attacks, the sound being
picked up by the mikes is totally random-
phase, rich in depth and perspective.
Judy is getting herself settled at a card
table between the monitor speakers. On
the table are a score and a microphone.
The microphone feeds a “talk-back”
system by which, at the press of a button
on the console, she can address the or-
chestra in the church via an on-stage
loudspeaker. (In some recording ses-
sions, monitor loudspeakers are set up
on-stage so that the orchestra can hear
an instant playback. This saves time, but
in an acoustic environment as glamoriz-
ing as St. George's it could be decep-
tive, so all playback listening will be
done in the control room.)

The orchestra finishes its run-through,
the conductor is satisfied, and it's time
for the button-pushing. Judy says . . .

“Take One.” An unaccountable trans-
formation takes place in the sound of the
orchestra now that it's playing “for
keeps."” The opening bars are dull and
without exuberance. An early decre-
scendo is so abrupt that for a minute |
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think that the orchestra has decided to

stop and begin again. Yet it plays |

through to the end, to the accompani-
ment of some grave faces in the control
room. A playback audition is announced
immediately, and soon the conductor

and several orchestra members bustle |

in. Yes, it's bad. “Boxy-sounding,” says
the conductor. One of the orchestra
members comments that he can't hear
the second violins at all. (Technical
point: when violins play on stage right,
facing the conductor, their instruments
project away from the audience area
rather than toward it. It's by the grace of
the hall's acoustics that their sound
reaches you at all with any force. Picking
up that sound via microphones can be
tricky.)

Now we're in a bind. The people in the
control room are inclined to think they've
just heard a bad performance. The peo-
ple from the orchestra are certain
they've just heard a bad recording. Who
has the answer? John does. Right after
lunch he had profitably spent his time lis-
tening to the principal and secondary mi-
crophone arrays separately, and he had
noted (while | was there) that the sound
from the front mikes was “very dry”
(without reverberation). Almost diffident-
ly he proposes this as a solution, and out
he goes into the church to rectify mat-
ters.

It's perhaps a cause for embarrass-
ment when, having called upon an or-
chestra to play its little heart out, you
then have to announce that your techni-
cal bag of tricks went awry and the
whole thing will have to be done over

again. But this orchestra is understand- | |

ing, and its members fall into easy con-
versation as John emerges and begins
to drag mike stands around. He pulls the
principal mikes back a little over a foot
(for a microphone that's a considerable
shift in position), and does the same with
the secondary pickups. Judy stands on
the platform and confirms the aiming of
the cardioids. There is a deliberate at-
tempt to seem calm and casual. There
are many pages of music to be record-
ed, and nobody can afford a nervous
breakdown over this minor hitch.

Once again the record button is hit,
and there is quiet rapture in the control
room. The sound is well-nigh perfect
(another inexplicable transformation),
with none of the anomalies that troubled
take one. The orchestra has maintained
its head of steam, and it looks as if it will
all be over in another minute. But
then.

Take Three and Etc. Judy is by this
APRIL 1977
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Avoid CB radio theft
with magnetic mount
artenna. Just lift

of® and lock in-
side vehicle.

|

Has your CB ever let you down? Right when you
n=eded it the most?

It could be that “‘good deal’’ antenna. Or the
lightweight mike that came with the set. To get the
most out of your CB, switch to Turner at both ends.

Try a Turner amplified mike. You'll find out how
much talk power your set can really deliver. For full
range when you need it.

Make sure your antenna is dependable. Step up to
a Turner. Turner builds them tougher. There are 43
models for all kinds of base and mobile installations.

Ask anybody who has been around CB for awhile.
They know us. Wherever CB is sold, Turner.

The talk of the road

TURNER

MICROPHONES
ANTENNAS

COMBAS 716 Dakiand Road N.E. Cedar Rapids, lowa 52402

CCAPORATION
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where the
ACTION’S

CB

Millions of 2-way CB radios are in
use—millions of new ones are being sold an-
nually to new CBers and for replacing old
units—what a market for repair service. it's the
biggest thing in electronics since coior TV.
There's only one thing wrong with CB
growth—the lack of technicians capable of
servicing CB radios. That's why many TV
shops are expanding into CB and why new CB
shops are opening up all over the country.
Going CB servicing rates run from $12 to $24
per hour.

To get into CB radio servicing, fuli-time or
part-time, you need test equipment, an FCC
operator license and to learn how. To learn
how, you can buy the CB RADIO REPAIR
COURSE for cash, on a monthiy payment plan,
or charge the cost to your BankAmericard or
Master Charge account.

To make it easy to study, this 70-lesson
course employs the PROGRAMMED teaching
technique and sticks to the target—CB radio.
Study at your own pace as you receive the
self—examining lessons. We can’t guarantee
that you will become a CB expert since that
depends on you.

To get the facts about this course,
write a letter or card or mail the coupon below
today. No salesman will call.

CB RADIO REPAIR
COURSE, INC.

531 N. Ann Arbor
Okiahoma City, OK 73127

Please send information about your Course to:

Dept. PE-047

Name
Address
City State Zip
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World Radio TV
Handbook 1977

An indispensable Reference For Anyone With A
Working Interest in International Radio and TV

Bursting with over 500
pages, the new WRTV
HANDBOOK 1977
features names and
addresses (by country)
of stations and officials,
program data (including
frequencies, wave
lengths, call signs), a
special editorial section
—and much, much
more—for only $10.95!
Order your copy for a
FREE 10 DAY EXAMI-
NATION from the
coupon below today.

FREE 10 DAY EXAMINATION
WORLD RADIO TV HANDBOOK 1977

To: Billboard Publications
2160 Patterson Street, Cincinnati, Ohio 45214

Please send me ________ copy (ies) of the
WORLD RADIO TV HANDBOOK 1977 @
$10.95 each. A check or money order is enclosed,
including sales tax in the states of New York,
Ohio, Mass., Cal., Tenn., New Jersey. | under-
stand that if not satisfied with my purchase, | may
return it within 10 days for full credit or refund.

NAME
ADDRESS
cCiTY
STATE ZIP
2109
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The church during a lull in proceedings. Note comparatively
remote mike locations.

time well and truly into it, mumbling over
the score and beating time with her
hands. | never heard whatever it was
that pulled her to a halt, but she certainly
did. “You're not in time,” she told the or-
chestra, and back came a sheepish ad-
mission of the fact. The succeeding
takes involved shorter and shorter bits of
the music, trying to save time in getting
the critical part right and yet avoiding an
orphaned fragment on the tape, bereft of
a proper acoustical build-up in the
church and a sense of propulsion from
the orchestra. “You're winding up in
tune but you're not starting there,” Judy
cajoles. She is concerned about one of
the violinists. “He’s a master under ordi-
nary circumstances, but under pressure
he goes sharp.” Should the retakes con-
tinue, perhaps souring the ensemble on
the vast expansé of music yet to come,
or should we take what we've got and be
grateful for it? On about take eight the
question is decided. Her hands stop, her
breath is held, the music swells up and
slides effortlessly into a tutti, and she ex-
ults: “Yes!" As the last notes of the
march sound she counts a slow four to
let all the reverberation die away and
then activates the talkback system to
congratulate the orchestra.

For the Record. This ended my par-
ticipation (or presence) at this particular
recording session. If things turn out as
planned, the march will be presented to
the consumer essentially intact, except
for one splice toward the end to in-
troduce music that was played long after
the beginning of the piece (not that long,
however; the whole drama as | have de-

scribed it took not more than about thirty
minutes).

What conclusions can be drawn?
First, it's clear that the quality of sound
going down on the tape is of vital impor-
tance to everyone involved in a record-
ing session. Second, it's clear that once
that quality has been achieved to every-
one's satisfaction, all subsequent activi-
ties revolve around musical values.

Third, it's plain that, in matters of
sound quality, the producer (and/or the
performer) proposes and the engineer
disposes. There are plenty of people at
the session in a position to say the
sound is bad, but it's the engineer who's
usually looked to for the fix. if the engi-
neer can't satisfy his critics, there may
be general unrest, desperate experi-
ments, and quite possibly a new engi-
neer on the job next time around. But
this is not to suggest that every bad rec-
ord is the victim of inept engineering. It
may be the victim of hopeless acoustics.
And there have certainly been instances
in which eccentric performers or taste-
less producers have insisted on some
procedural point that ultimately proved
anti-musical in recorded form.

But here we have a recording session
unclouded by this grief (or so it seemed
at the time). All parties and circum-
stances came together on a common
objective: closely recreating, from per-
haps a row-three perspective, the mag-
nificent sound that was already present
at the performance. When the records
are relased we'll be able to consider how
successful they've been, along with how
successful we can be in doing justice to
their efforts. o
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Tired of garbled voices and CB static?

Now, you can hear better with our KC-3035 KRIKET ® mobiie
speaker. Better than you believed possible.

Because AFS offers the first acoustically designed vcice
communications speaker. And, that means you get outstanding
intelligibility across the entire voice range.

AFS — the only company with
the “WORKING WALL" ®
speaker enclosure. Cross-laminated
tubular fiberboard deadens channel
noise, eliminates voice distortion
by controlling rebounding sound
waves. Brings the voice through — clean and clear.

Available at CB dealers everywhere

L\

Speakers are our only business. They have to be better!

Muntz Canada Ltd. 1149 Pioneer Road Burlington Ontario, Canada (416) 639-5373
All KRIKET® speakers are manufactured in the U.S.A. using American materials and craftsmen.

World Wide Headquarters
' ® Acoustic Fiber Sound Systems, Inc. 7999 Knue Road, Suite 116  indianapolis, IN 46250 (317) 842-0620
a s Exclusive Canadian Distributor

Copyright 1976, Acoustic Fiber Sound Systems, Inc.



Julian Hirsch
et &l Audio Reports

HIRSCH/HOUCK LABORATORIES

R MANY people, sensitivity is the key specifica-
tion in judging the worth of an FM tuner. Actual-
‘ly, this is one of the least important ratings for the
majority of people (those who live within 50 or 75
miles of the FM stations serving their area). It is also
relatively easy to design a tuner (which may have se-
rious deficiencies in other respects) to have an im-
pressively good sensitivity rating. Thus sensitivity is
a poor index of overall quality.

A more meaningful specification, perhaps, is selec-
tivity. This is the measure of a tuner’s ability to re-
ceive a relatively weak FM signal, close in frequency
to a much stronger one, without interference. The lat-
est IHF Standard on FM Tuner Measurement details
the procedure for measuring both alternate channel
and adjacent channel selectivity, and a growing
number of manufacturers are including at least the
former rating in their published specifications.

FM station assignments in the United States are
made at 200-kHz intervals. However, frequency as-
signments are distributed so that, in any one receiv-
ing area, stations will be heard only on alternate
channels, 400 kHz apart. (There are obviously excep-
tions such as in certain locations situated between
two major service areas.) Alternate channel selectivi-
ty—the ability of a tuner to reject a strong signal 400
kHz removed from a desired signal—is therefore the
most important selectivity characteristic for most lis-
teners. In those locations where stations can be re-
ceived on adjacent channels, the selectivity for a 200-
kHz spacing may become important as well. Re-
sistance to station bleedover is much inferior to alter-
nate channel selectivity, naturally, but if the differ-
ence in signal strength between the desired and the
interfering signals is not too great, satisfactory recep-
tion may still be possible.

The test conditions for selectivity measurements
are explicitly defined in the IHF standard. Two signal
generators are required, with their outputs combined
through a dummy antenna and applied to the tuner’s
antenna terminals. One is the reference generator,
simulating the desired signal, and the other is the in-
terfering signal source. First, the reference generator
is set to a moderate output level (such as 45 dBf, or
100 wV) with 100% modulation at 1000 Hz. The tun-
er or receiver is set accurately to its frequency and its
audio output level is noted. The modulation is then
turned off, leaving the unmodulated carrier. The in-
terfering generator, modulated 100% at 1000 Hz, is

28

FM TUNER SELECTIVITY
RATINGS AND MEASUREMENT

moved off the tuner’s frequency by either 400 kHz or
200 kHz (depending on the measurement being
made) and its output level is increased until the
1000-Hz audio output from the tuner is 30 dB less
than that obtained with the modulated reference sig-
nal generator. The test is made with the interfering
signal both above and below the desired signal fre-
quency. The selectivity rating, expressed in dB, is the
ratio of the output levels from the two generators.

The basic measurement sounds straightforward,
but in practice it is one of the more difficult FM tuner
measurements to make accurately, or even repeata-
bly. According to the IHF standard, the measure-
ments should be made at a number of (desired) signal
levels, from the usable sensitivity up to as much as 80
dBf (more than 4000 wV). Since the alternate channel
selectivity of any reasonably good tuner should be at
least 50 dB, it can be seen that the latter case would
require the interfering generator to have an output of
more than 1 volt. This is beyond the capabilities of
any standard signal generator, unless an external
power amplifier is used.

The standard recognizes this difficulty and merely
requires that the measurement be made within the ca-
pabilities of the test equipment (with a power
amplifier if available and necessary). Most FM signal
generators are limited to not more than 200,000 nV
output (this is the maximum available from our
Boonton 202B, which we use as the interfering signal
generator). With that as the upper limit of available
signal voltage, a tuner selectivity of 80 dB (typical of
some of the better FM tuners and receivers) can be
measured only if the desired signal level is set to 20
microvolts or less. As a practical matter, therefore, we
use a low input level from the desired signal genera-
tor, usually in the range of 10 to 20 wV. Even so, there
are a few high-performance tuners with alternate
channel selectivity as great as 90 or even 100 dB. This
is completely unmeasurable, and we have to content
ourselves with noting that fact.

The standard also recognizes that many tuners
have an asymmetrical i-f band-pass response, so that
the selectivity ratings above and below the desired
signal frequency can be quite different. In this case,
the two decibel figures can be given or they can be av-
eraged. It is not uncommon to find a difference of 20
dB or so between the two measurements, but their av-
erage is still fairly representative of the tuner’s actual
performance.
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Implicit in the measurement is an accurate knowl-
edge of the generator frequencies, or at least their
spacing. Few FM signal generators are calibrated
well enough to allow an accurate 400-kHz separation
to be read directly from their dials (and fewer still are
suited to making a 200-kHz measurement). Conse-
quently, a frequency counter is usually required to
monitor the interfering generator frequency. Also,
depending on the tuner’s characteristics, the interfer-
ence audio output may not be a clearly identifiable
1000-Hz tone. It is often mingled with interfering
noises that can completely obscure the audio tone.
The standard calls for the use of a 1000 Hz band-pass
filter in the tuner output. The measurement is there-
fore of the interfering generator’s modulation, not
from any spurious heterodyning effect. We use a
spectrum analyzer to read the 1000-Hz output, and
this gives an unambiguous reading. Occasionally, the
1000-Hz signal is so thoroughly masked by other
noises that it cannot be seen at the —30-dB level; in
that case, we adjust the interfering generator until the
total noise output from the tuner is 30 dB below the
reference modulation level (this, we feel, is within
the intent of the THF standard).

The adjacent channel measurement is easier to
make, but just as difficult to do with accuracy (a small
tuning error, such as 10 kHz, might have little effect
with a 400-kHz spacing, but could have a significant
effect on a 200-kHz measurement). Offsetting this,
there is never any problem with signal levels or with
recognizing the 1000-Hz tone in the tuner’s output.
Of course, an adjacent channel rating is unimpressive
compared to a tuner’s alternate channel selectivity.
This is reasonable, since an i-f amplifier with a 150-
or 200-kHz bandwidth cannot be expected to dis-
criminate strongly against signals only 200 kHz re-
moved from its center frequency. Nevertheless, it is
easy to understand why manufacturers whose FM
tuner products achieve an alternate channel selectiv-
ity of 80 dB or more are sometimes reluctant to publi-
cize the adjacent channel specification, which is

more likely tobe 5 or 6 dB!

ROTEL MODEL RX-7707 AM/STEREO FM RECEIVER

Electronic touch tuning permits preprogramming or scanning.

It might seem that a tuner with only 6-dB adjacent
channel selectivity could not give clear reception of
stations 200 kHz removed from other signals, but this
is not necessarily so. The inherent immunity of FM to
interference from co-channel or other signals (the
capture effect) makes it possible to receive programs
with little or no interference even if the two signals
are on the same frequency, let alone spaced by 200
kHz. All it requires is that the desired signal be a few
decibels stronger than the other one.

The question of how much selectivity one needs is
difficult to answer, depending as it does on specific
receiving conditions. We have made comparisons in
the crowded New York metropolitan area with a tun-
er having switchable selectivity (such as the Sansui
TU-9900 and Yamaha CT-7000). Since at least 50 sta-
tions are always receivable here, almost every 400-
kHz chanpel spacing is occupied, and the range of
signal strengths is considerable. Even so, we have
rarely had difficulty receiving a weak signal 400 kHz
removed from a much stronger one when using the
“wide band’ mode of these tuners (corresponding to
about 15 or 20 dB of selectivity). Obviously, condi-
tions can be imagined where one would not be so
lucky, but it does offer hope to those people who can-
not or will not invest in an expensive tuner and have
to settle for the 50 dB or so of alternate channel selec-
tivity that is typical of lower-priced units. If you are
an FM “DX’er" there is no such thing as too much se-
lectivity (or sensitivity either, for that matter—this
being one of the few instances where sheer sensitiv-
ity can be important). Otherwise, the very high selec-
tivity of a good FM tuner or receiver can be consid-
ered as a bit of extra insurance against possible inter-
ference between channels.

Since high selectivity, unlike high sensitivity, re-
quires greater circuit complexity (and consequently
higher cost), it is closely related to overall tuner per-
formance. If you are looking for a single “figure of
merit” for an FM tuner—a questionable approach,
but one which many people employ—selectivity
probably comes closest to meeting that need. 0

ASS>

that the receiver is tuned electronically
by means of Varactors (diodes whose
capacitances are controlled by means of
a dc voltage applied to them). The tun-
ing “dial” is actually a dc voltmeter that
monitors the voltage; it is calibrated in
megahertz (MHz) for FM and kilohertz
(kHz) for AM. Near this is a similar-size
meter that indicates center-channel tun-
ing for FM and relative signal strength
for AM.

The Rotel Model

W' RX-7707  AM/
7 stereo FM receiv-
e s er's external ap-
pearance is quite
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different from what we have come to ex-
pect on the U.S. market. At first glance,
it resembles nothing more than an inte-
grated amplifier because it apparently
has no tuning dial. The reason for this is

The receiver has built into it a touch
tuning system that allows the user to se-
lect any one of five preprogrammed FM
channels with the touch of a finger. Al-
ternatively, the user can scan across the
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band in the usual manner by turning the
tuning dial knob, the only rotary control
on the front panel. All other controls are
either horizontal slide potentiometers or
pushbutton switches.

The receiver itself is rated to deliver
35 watts/channel of power into 8-ohm
loads from 20 to 20,000 Hz with less
than 0.5% THD. It measures 22Y4"W x
1214"D x 434"H (56.5 x 31.1 x 12.1 cm)
and weighs 18.7 Ib (8.5 kg). Value is
$500.

General Description. The main op-
erating controls are four horizontal slide-
type potentiometers arranged end-to-
end across the top-left two thirds of the
front panel. They include the Bass and
TREBLE tone and BALANCE controls, all
of which are detented at their center po-
sitions, and the undetented vOLUME
control. The right third of the upper part
of the pane! contains the two meters, be-
tween which is a green LED that glows
when a stereo FM signal is received.

Across the bottom of the panel are 15
black pushbutton switches. These con-
trol POWER, SPKR-1 and SPKR-2 selec-
tion, LOW and HIGH FILTER, LOUDNESS
compensation, MODE select, tape MONI-
TOR in/out switching, FUNCTION selec-
tion, and AFc and MUTING in/out switch-
ing. The five source selector switches in
the FUNCTION group are labelled aux,
PHONO, AM, FM, and FM STEREO.

Directly to the right of the plain black
pushbutton switches are what appear to
be six more pushbutton switches with
small metallic “bumps” on them. Actual-
ly, these are fixed contactors for the Fm
TOUCH TUNING system. They are la-
belled 1 through 5 and MANUAL. At the
far right of the lower portion of the panel,
next to the FM TOUCH TUNING buttons, is
the AM/FM tuning knob. The last item
on the front panel is the PHONES jack, lo-
cated to the right of the POWER switch.

Touching any of the button contacts in
the touch tuning system causes a green
light above the touched button to light.
Recessed into the bottom of each of the
tuning “buttons” is a small knob that al-
lows the user to pretune to an FM chan-
nel. Thereafter, whenever a given button
contact is touched, the FM tuner auto-
matically switches to the preselected
channel, whose frequency is indicated
on the tuning “dial” meter. To defeat the
touch tuning system, the user simply
touches the contact on the MANUAL but-
ton, which transfers tuning control to the
tuning knob. Each time the receiver is
turned on, it automatically goes into the
MANUAL mode.

Not only is the switching action of the
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touch tuning system silent, the receiv-
er's audio also mutes the instant a con-
tact is touched and gradually comes on
again over a period of a few seconds af-
ter it has reached the selected frequen-
cy. The muting action is equally smooth
and silent in manual tuning, with not a
trace of noise. The instructions state that
the afc should be defeated when using
the touch tuning system, presumably to
avoid accidentally locking on to a nearby
signal in the event there should be a
small tuning error.

Spring-loaded insulated clips are
used for the 300- and 75-ohm FM and
AM wire antenna connectors and the
two pairs of speaker outputs. The
preamplifier outputs and main amplifier
inputs are joined together by jumper
links. There is also a coaxial socket for a
75-ohm FM antenna feeder and a
hinged AM ferrite rod antenna. Both of
the accessory ac outlets on the rear
apron are switched. Finally, the receiver
is supplied in a walnut-grained vinyl-clad
plywood cabinet.

Laboratory Measurements. Fol-
lowing the usual one hour precondition-
ing period at one-third rated power and
five minutes at full power, the audio am-
plifiers clipped at 35.3 watts/channel
driving 8-ohm loads at 1000 Hz. The

10K 20K

clipping point was 39.7 watts into 4
ohms, and 23.3 watts into 16 ohms. The
1000-Hz THD was a constant 0.032%
from 0.1 watt to 20 watts output. It rose
to 0.11% at the rated 35 watts. The IM
distortion measured between 0.023%
and 0.05% from 0.1 to 13 watts and
reached 0.225% at 35 watts. At the rat-
ed output, the THD was about 0.1%
from 80 to 2000 Hz and rose at higher
frequencies, to 0.54% at 20,000 Hz. It
also increased at low frequencies, to the
rated 0.5% at about 27 Hz and 1.8% at
20 Hz. At half power and one-tenth pow-
er, the distortion was much less than
0.1% (typically about 0.03%) from 20 to
20,000 Hz.

The input signal required for a 10-watt
reference output was 72 mV at the Aux
inputs and 1.35 mV at the PHONO inputs.
The respective S/N ratios were 77 and
69 dB. The phono input overloaded at
76 mV, a relatively low level though
quite adequate for almost any modern
cartridge.

The frequency response was flat with-
in =0.25 dB from 20 to 20,000 Hz with
the tone controls centered. The tone
controls provided a cut of about 10 dB at
the frequency extremes, but the max-
imum boost was about 7 dB. The filters
had gradual 6-dB/octave slopes, with
their —3-dB points at 110 and 10,000
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Hz. Both were relatively ineffective, re-
moving too much program (in the case
of the Low filter) or not enough noise (in
the case of the HIGH filter). The loudness
compensation boosted both low and
high frequencies.

The RIAA phono equalization was ac-
curate within £0.5 dB from 60 to 20,000
Hz and rolled off slightly at lower fre-
quencies to —2.5 dB at 30 Hz. There
was negligible interaction with phono
cartridge inductance, which boosted the
frequency response in the 3000-
to-10,000-Hz range by about 1 dB but
did not affect higher frequencies.

The FM tuner had an IHF sensitivity of
10.8 dBf (1.9 V) in mono and a 50-dB
quieting sensitivity of 13.7 dBf (2.6 wV),
with 1% THD. Both figures were some-
what better than the ratings. In stereo,
the IHF sensitivity was set by the switch-
ing threshold of 21 dBf (6 wV), and 50
dB quieting was reached at 36 dBf (35
V), with 0.45% THD. The ultimate qui-
eting at 65 dBf (1000 uV) was 71.5dBin
mono and 70.5 dB in stereo. Distortion
at that input level was 0.25% in mono

and 0.31% in stereo. The stereo distor-
tion with 100-Hz modulation was 0.5%
(with 6000-Hz modulation, 0.067%).

The stereo FM frequency response
was within =1 dB from 30 to 15,000 Hz.
Channel separation was about 40 dB or
better (the rated value) over most of the
audio range up to 15,000 Hz, and it re-
duced to 28 dB at 30 Hz. The AM fre-
quency response was down 6 dB at 55
and 4500 Hz. There was a moderate in-
crease at higher frequencies, reaching a
maximum at 7000 Hz before descending
steeply.

The FM capture ratio was 1.6 dB at a
45-dBf (100 wV) input and a very good
1.05 dB at 65 dBf. The respective AM re-
jection figures were excellent at 74 dB
and 68 dB. Image rejection at 100 kHz
was 42 dB, slightly poorer than the 50-
dB rating. The i-f selectivity was asym-
metrical, . with alternate-channel read-
ings of 58 and 71 dB above and below
the signal frequency. (The average of
64.5 dB was considerably better than
the 50 dB rating.) Adjacent-channel se-
lectivity was minimal, averaging 2.7 dB.
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| Without our |
| software
we’re just |
another
flasher.

Let's face it. No microcomputer is I
worth a dime if you can't make
it work. Even E&L's Mini-Micro-
designer would be just a “light
flasher™ if it weren't for our soft-
ware system.

But the fact is that our tutorial soft-
ware is the best in the business.
Not just a pathetic rehash of chip
manufacturers’ specifications, But
a clearly written, step-by-step in-
struction that teaches you all about
the microcomputer. How to pro-
gram it. How to interface it. How to
expand it.

The teaching material is written by
Rony/Larsen/Titus {(authors of the
famous Bugbooks). It's called Bug-
book V. And it teaches through ex-
periments designed specifically to I
get you up to speed on our Mini-
Microcomputer (MMD-1). And you
don’t need any prior knowledge of
digital electronics!

Thebestnews? E&L's MMD-1 costs
$422.50* in kit form including all
software and teaching material. And
now it's available locally from your
nearest computer store. Stop in
today and get the whole picture.
MMD-1. The finest microcomputer
system on the market.

*Suggested resale price U S.A

\ o® /
=L
/ E&L INSTRUMENTS, INC. \

61 First Street, Derby, Conn. 06418
(203) 735-8774 Telex No. 96 3536

Dealer
inquiries
invited.
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The muting threshold was 25 dBf (10
wV), 19-kHz pilot carrier leakage was 68
dB below 100% modulation, and the
hum level in the tuner was —70 dB.

User Comment. Preselected push-
button tuning has been used in the past
in hi-fi receivers, first with mechanical
switches that connected trimmer capaci-
tors to the tuned circuits and then with
voltage-variable capacitors, like the sys-
tem in this receiver. Switching without
physical motion, by means of stray hum
pickup from the user’s body when a con-
tact is touched (or similar means), has
also been used, principally to defeat the
afc when tuning in a station. A major dif-
ference between the Rotel touch tuning
system and others we have seen is the
former's exceptional stability.

In our experience, all previous at-
tempts at pushbutton tuning (with the
exception of synthesized or crystal-con-
trolled receivers) have been plagued by

drifting that has made return to the se-
lected channel a random occurrence.
Even without afc, the Rotel receiver was
as drift-free as any receiver known to us.
It never failed to return to the previously
selected channel, in spite of wide tem-
perature variations and the passage of
time. As the centering of the tuning me-
ter revealed, it simply did not drift by any
detectable amount over any period of
time. The smoothness and complete si-
lence with which the system changed
channels were equally impressive.

We cannot be as enthusiastic about
the manual tuning mode. Although it is
as smooth and noncritical as can be de-
sired, the meter scale was quite inade-
quate for use in a crowded metropolitan
area. It is calibrated at only 2-MHz inter-
vals, each of which occupies about 4"
(6.35 mm) of the scale. This calls for a
trial-and-error process to identify sta-
tions. The AM scale is equally crowded,
although the relative signal strength of

CIRCLE NO 107 ON FREE INFORMATION CARD

many AM stations made identification a
little less difficult. We also appreciated
the quietness and relative freedom from
background “buzz™ in AM reception.

If your FM listening is confined to few-
er than six stations (the MANUAL setting
can be used to preselect one more sta-
tion), this receiver can be one of the eas-
iest and most pleasant ones to use.

As our tests reveal, this receiver does
not have exceptional specifications in its
price class. We've come to expect high-
er power output, for example. They are,
however, quite satisfactory for most lis-
tening conditions, as borne out by our
actual listening efforts on a variety of
program material. Where it shines is in
user convenience. So, if you are con-
cerned with sound quality, rather than
specification numbers, the Model
RX-7707 is a first-rate receiver, assum-
ing you are not using very-low-efficiency
speakers or have a very large, highly
sound-absorbent listening room.

GARRARD MODEL DD75 DIRECT-DRIVE RECORD PLAYER

Moderately priced single-play manual turntable.

we.

The Model DD75

W‘ is the first direct-

drive turntable to

i bear the Garrard

name. Compact

and attractive, it is a relatively inexpen-

sive ($229.95) single-play manual play-

er. lts only concessions to automation

are an end-of-play arm lift that is initiated

by a photocell under the motorboard and
a motor shut-off.

The player is supplied on a teak ve-
neer wooden base to which is attached
a plastic dust cover that can be left open
at almost any angle or be completely re-
moved. The entire turntable is supported
on four compliant rubber feet that isolate
it from external vibration. Operating
speeds are 334 and 45 rpm directly
from the shatt of the eight-pole dc servo-
controlled drive motor, which also
serves as the record spindle.
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With its cover closed, the record play-
er measures 1714"W x 14%4"D x 6%"H
(43.8 x 37.8 x 15.9 cm). Weightis 16 Ib
(7.3kg).

General Description. The player's
machined die-cast nonferrous platter
measures 12" (30.5 cm) in diameter and
weighs 4 Ib (1.8 kg). Stroboscope mark-
ings on the bottom of the platter are in-
ternally illuminated and can be viewed
from above the player through a mirror
and window arrangement. A vernier
speed (PITCH) control permits a limited
speed adjustment range. While a single
knob is used for the PITCH control on
both speeds, separate rings of strobo-
scope markings are provided for the two
speeds.

The power to the turntable is turned
on and off by means of a push-push
switch located near the stroboscope
viewing window at the left-front of the
motorboard. A red LED near the power
switch lights whenever the power is
turned on.

Most of the remaining controls are
grouped across the right-front of the
turntable. From left to right, these in-
clude the piTCcH control, speed-selector
pushbutton, momentary-action motor
stoP and sTART pushbuttons, and a
small CUE lever.

The S-shaped tonearm has a screw-
on counterweight that has a stylus pres-
sure scale onit with a 0-to-3-gram range
in 0.5-gram intervals. After the arm is
balanced, the scale is zeroed and the
entire weight is rotated to align the mark
for the desired force with a mark on the
arm’s tube.

Near the base of the tonearm is a
small antiskating force dial that has sep-
arate scales for elliptical and CD-4 styli.
The combined rest post and retaining
clip for the tonearm is located just for-
ward of the base on the tonearm.

The plastic cartridge shell slips in and
out of the front end of the tonearm. A
cartridge mounting jig simplifies the ini-
tial overhang adjustment. The friction of
the tonearm is rated at 15 mg (0.015 g)
both horizontally and vertically. The min-
imum recommended tracking force is
0.75 gram.

Laboratory Measurements. In-
stalling and adjusting a Shure Model
M95ED phono cartridge in the tonearm
of the player was a simple and straight-
forward procedure. After balancing the
tonearm according to the instructions
provided with the player, we noted that
the tracking force dial's calibrations
were exact. The tracking error was very
low over most of the record, measuring
from 0 to 0.33°in. for radii from 214" to
4" (6.35 to 10.16 cm). It increased to a
maximum of 0.7°/in. at a 6" (15.24 cm)
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radius. Coming at the outside of the rec-
ord, this is not a serious error. The error
could probably have been reduced by
readjusting the stylus overhang, but we
chose to set this critical dimension with
the supplied jig as closely as possible by
eye, just as any other user woulid.

The antiskating dial, which can be ad-
justed while playing a record (a very de-
sirable feature), had to be set slightly
higher than the tracking force for equal
distortion in both channels. At the 1-
gram force we used, a 1.5-gram setting
was optimum. The tone arm lift was very
abrupt, bouncing the pickup and shifting
its lateral position. However, when the
lift lever was held firmly and moved
slowly to the rear (up) position, instead
of flipped like the toggle switch it resem-
bles, the lift was slow and accurate. In
either case, the well-damped descent
brought the arm down without any shift
in position.

The measured capacitance of the arm
and cable wiring was 100 pF, an ideal
value for CD-4 cartridges. The low-fre-
quency arm resonance was at 8 Hz, with
a 6-dB amplitude. This is close to the op-
timum frequency for tracking warped
records. However, the resonance was
very broad, giving a boost of 7 dB at the
4-Hz lower limit of the test record, which
would seem to negate some of this
advantage.

At 33%4 rpm, the turntable speed ad-
justment range was +0.8 to —3.5%; at
45 rpm it was from +6.3 to —2.5%. The
speeds did not change with line voltage.
However, the visibility of the strobo-
scope markings was quite poor. The un-
weighted rumble was exceptionally low,
measuring —38 dB with vertical compo-
nents included, and —44 dB with the
vertical response cancelled by parallel-
ing the cartridge outputs. With ARLL
weighting, the rumble was —60 dB, a
typical but not exceptional figure for a di-
rect-drive turntable. Spectrum analysis
revealed that the rumble was predomi-
nantly in the 5-to-10-Hz region, probably
accentuated by the resonance of the
tonearm. The combined wow and flutter
was 0.065% (unweighted rms), while the
weighted rms flutter was 0.05%. These
figures cannot be compared with the
manufacturer’s rating of 0.04% weighted
peak flutter, due to the different mea-
surement systems employed. Similarly,
the rated —70 dB rumble is based on the
DIN “B” standard, which gives “better"
readings than the ARLL weighting.

The immunity of the turntable to base-
conducted vibration was about average
for a direct-drive player. Its only signifi-
cant response was at 30 Hz, which is
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unlikely to be excited by most loud-
speakers; so, for all practical purposes,
it is isolated from the possibility of
acoustic feedback. (Many players have
a significant response at frequencies of
a few hundred herz, giving rise to the
“howling” type of feedback if they are
placed too close to the speakers.)

User Comment. In spite of its rela-
tively low price (for a direct-drive turnta-
ble) the Garrard Model DD75 is an ex-
cellent performer. It should be consid-
ered as a purely manual record player,
even though the automatic end-of-play
shut-off worked as intended. (The power
must be shut off manually, however,
since the automatic operation merely
turns off the motor drive.) The very low
unweighted rumble of the turntable
makes the possibility of overloading
either the amplifier or the speakers at
subsonic frequencies very remote.

We had mixed feelings about the arm
cueing device, although it functioned su-
perbly when moved with deliberation.
The temptation to flip the control is pow-
erful (since it moves with a toggle-like
action, and the instructions do nothing to
dissuade the user of that notion), and
the result is an excessive arm bounce
and position shift. Otherwise, the arm
handled beautifully, and could hardly be
better for upper-medium-priced car-
tridges such as the Mode!l M95ED we
used. (Of course, it is equally well suited
to more compliant cartridges, since no
cartridge can be used at forces lower
than the 0.75-gram rating of the arm.)

The dust cover remained open at an-
gles less than 90° to the horizontal, but it
had no restraint when it was moved past
vertical, where it had a tendency to fall
over backward. If the turntable is placed
near a wall or other surface, this will
present no problem. But where no re-
straint is available, the cover can fall
back until it contacts the rear edge of the
base (about 135° from its normal closed
position). The blonde teak finish of the
base, we felt, was a welcome departure
from the conventional walnut or black
finished turntable base.

Although there are a number of direct-
drive record piayers in the same general
price range as the Model DD75, this one
is “different” enough in styling and
handling “feel” to stand out from the
crowd. Its overall performance is as ap-
pealing as its appearance, and it is one
of the easiest record players to set up
and adjust that we have seen. Alto-
gether, it is an auspicious entry by Gar-
rard into the direct-drive field.
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I NEW— REVOLUTIONARY TOOL

INSULATEDWIRE
FOUR TIMES FASTER |

NO Prastripping
NO Precuniing’
Spool Fed Wire

Users say:

“Your P180 teol really
does just what you said it
would—We're very satisfied’

“We're shiftirg nearly
all our wrapping over to
Shit-N-Wrap.” i

Thz spooled wire passes thru
the tool past a slitting edge- }
nextta the wrap past. A —
nerrow langitudinal cut is
made in the nns.slai:.n whare

-it passes the square post
-corrm The ba'__ed

* view of - 2 B
urw;rapped wire em:r |
.025 sau” post e

@

| ELECTRONIC COMPANY
12460 Gladstone Avenue
Syilmar, CA 91342 |

If unavailable localty, factory order. Add
$2.00 shipping and handling charge.

. California residents
= e |

add 6% sales tax,
491076 -
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Home Television Programmer

RCA has announced its entry into the video game field
with the introduction of a home TV programmer called
“‘Studio 11.”” With national distribution scheduled for
the middle of 1977, the product can be programmed to
reproduce games and instructional material on the
screen of any size black-and-white or color TV set. A
control console is connected to the TV antenna termi-
nals and contains two keyboards for the players. Heart
of the programmer is a COSMAC microprocessor, with

five games built into the control console and provision
for add-on cartridges containing other games and educa-
tional programs. The five built-in programs are bowling,
freeway (car racing), patterns, doodles, and a competi-
tive math game. Add-on cartridges come in three series:
TV School House, TV Arcade, and TV Casino. Option-
al retail price of Studio II is $149.95. Add-on cartridges
are priced at $14.95 and $19.95.

Touch-Activated Controls

Touch-activated switching can now be used by hobby-
ists or evaluated by product designers with a new
TouchControl kit offered by AMI (American Microsys-
tems, Inc.). The $29.95 kit consists of a pre-wired con-
trol panel, instructions, and what is said to be the first
microcircuit that is available off-the-shelf for operating
touch-activated (body-capacitance) control panels. Up
to 16 touch-switches can be operated with a single IC,
which can be interfaced with virtually any electrically
operated product or apparatus, including computers,
TV sets, other home-entertainment systems, appli-
ances, power tools, games, machines, keyboards of all
types, etc. The switches, which combine conventional
capacitance-sensing touch controls with a MOS IC, are
electrically safe because of an insulator layer separating
the circuitry from the touch surface.

10 Million CB Radios Sold

More citizens band radios were sold last year than in all
the previous 28 years since the birth of CB, according to

the Electronic Industries Association. Sales were said
to approach the 10-million mark for the year, more than
double the record volume set in 1975. Total dollar value
of CB radios, antennas and accessories was set at over
$2 billion. The CB industry estimates that only about 3
million CB sets were sold between 1958 (when the FCC
set aside 23 channels for citizen use) and 1973, when
sales started e rapid rise due to wide publicity given to
CB use in the truckers’ strike and gas shortage. Sales
were over | million in 1973, doubling each year thereaf-
ter, reaching rearly 5 million in 1975.

Computerizad Prescriptions

An automatec system for dispensing drug prescriptions
by independent chain pharmacists has been launched in
several cities by the Healthcom subsidiary of A.C.
Nielsen. The Jnidrug System features automatic book-
keeping and inventory control, and can provide a ‘‘pa-
tient profile’” [an individual patient’s one-year prescrip-
tion-drug-use history). Estimated cost, based on 3,000
monthly prescriptions, is 20¢ per prescription.

World’s First “Pocket” TV

The tiniest TV receiver yet has been introduced by Sin-
clair Radionics, Inc. Called ‘‘Microvision,”’ it measures
only 4"W x 6°D x 1%2"H (10 x 15 x 4 cm) and weighs
about 1% Ib. Featuring a 2" diagonal electrostatic deflec-
tion picture tube with a low-power heater that has a 15-
second warmup time, power dissipation is said to be ex-
tremely low. Four 1.5-V AA nickel-cadmium batteries
have a claimed life of four hours per charge and they
can be recharged with a supplied adaptor while being
operated from house current. Solid-state circuitry in-
cludes keyed agc, flywheel sync, black-level clamping,
and automatic frequency control. Four printed-circuit
board modules plug together to simplify servicing.
Pushbutton switches permit selection of British, Euro-

pean or USA standards, so it can be used anywhere in
the world. Audio output is 50 mW to the internal speak-
er or an earphone can be plugged in. The black-and-
white picture when viewed from one foot, is said to be
of equivalent size and brilliance to that of standard port-
ables at a distance of six feet. Includes two built-in an-
tennas (vhf and uhf). $300.
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A new stay-in-touch system
for all outdoorsmen.

Hunters Boaters

More than doubles the . Stay in voice contact
hunting area. L overwater, _—m———__

Now, handic’s new
Outdoor Communicators
take 2-way voice contact
outdoors.

For hunters, Qutdoor
Communicators enlarge the
game area in a single stroke.
They allow the hunting party to
spread out of sight-range while
still keeping voice contact. And
the bright, visible handic orange :
is an added safety factor in the field. \

For boaters, Outdoor Communi-
cators are a great way to zero in on
fish when you're out with friends in :
other boats. Or to chat away idle hours
while waiting for a strike. And, because
they carry their own power, they're
ideal for sailboat purists.

Campers can keep the whole family in
touch in the biggest park, zoo, or at the
beach. Just push a button to talk and you
know exactly where everyone is at any time.

You have four basic units to choose from,
with up to 6 channels, 5 watts of power, and a
range of 16 miles. \

Outdoor Communicators start at $59 and accept
a raft of accessories, including rechargeable ni-cad
batteries, Universal Cassette for converting your
Outdoor Communicator to a mobile unit or base
station, plus numerous antennas for every task. Pleasesend it piore e
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Unique full-function
8-digit wrist calculator...
available only as a kit.

A wrist calculator is the ultimate in common-sense portable
calculating power. Even a pocket calculator goes where your
pocket goes—take your jacket off, and you're lost!

But a wrist-calculator is only worth having if it offers a
genuinely comprehensive range of functions, with a full-size
8-digit display.

This one does. What's more, because it is a kit, supplied direct
from the manufacturer, it costs only a very reasonable $19.95.
And for that, you get not only a high-calibre

calculator, but the fascination of building it yourself.

How to make 10 keys dothe work of 27

The Sinclair Instrument wrist calculator offers the full range of
arithmetic functions. It uses normal algebraic logic (‘enter it as
you write it’). But in addition, it offers a % key; plus the

convenience functions vX, 1/x, x% plus a full 5-function memory.

All this, from just 10 keys! The secret? An ingenious, simple
three-position switch. It works like this.

1. The switch in its normal, central
position. With the switch centered,
numbers—which make up the vast
majority of key-strokes—are
tapped in the normal way.

2. Hold the switch to the
left to use the functions to
the left above the keys. . .

3. and hold it to the right to
use the functions to the
right above the keys.

The display uses 8 full-size
red LED digits, and the
calculator runs on readily-
available hearing-aid
batteries to give weeks

of normal use.

Sinclair Instruments Inc.
6 Commercial Street
Hicksville, N.Y. 11801
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Actual
Size

ONLY

e $19.95

Assembling the Sinclair Instrument
wrist calculator

The wrist caleulator kit comes to you
complete and ready far assembly. All
youneed is a reasonable degree of
skill with a fine-point soldering iron.
It takes about three hours to
assemble. if anything goes
wrong, Sinclair Instrument
will replace any damaged
components free: we

want you to enjoy
assembling the kit,

and to end up with a
valuable and useful
calculator. 4

Contents
Case and display
window.
Strap.
Printed circuit board.
Switches.
Special direct-drive chip
(no interface chip needed).
Display.
Batteries.

Everything is packaged in a neat plastic
box, and accompanied by full instructions.
The only thing you need is a fine-point soldering iron.

All components are fully guaranteed, and any which are
damaged during assembly will be replaced free.

The wrist-calculator kit is available only direct from
Sinclair lnstrument. Take advantage of this 10 day money-
back offer.

Send the coupon today.

To: Sinclair Instruments Inc. PE4
6 Commercial Street
Hicksville, NY 11801

Please send me

Sinclair wrist calculator kit(s) at $19.95%

Sales tax (NY residents)
Shipping & handling ($2.50 per unit)

Enclosed is check/MO (payabie to
Sinclair Instruments Inc.)

Name

Address

city

State S | - S

I

I

I

I

I

I

I

TOTAL $__ . |

I

I

I

I

I

I

o I
| understand that you will refund the purchase price of the kit

in full if I return it in saleable conditiion within 10 days of I

receipt. l
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SOme day & he not-too-distant fu-
ture, periranent human colonies wiil
be established i1 space and on the su--
taces of other planetary bodies. The £ol-
onists inhabitinc them will, naturaily, be
interested in whats happening on earth.
An ideal way t= “ind out will be to tunz in
domestic broa=casts from earth.

There will cauttlessly be direct com-
munications limks 4sing giant dish anten-
nas, but thes= «ill carry only selected
programs. Heseis a futuristic—but prac-
tical—analysic of 1ow DX'ers might pick
up earth braedcasts not deliberaely
beamed into saec2.

Practical Considerations. Besides
the obvious i tations of receiver and
antenna gain, seweral factors will dete~-
mine which easth stations can be re-
ceived. Let’s t=ke as the most likely ex-
ample a DX'er an the moon. Radisted
signal power, frequency, channel uszge,
geography, and onospheric conditians
are all importart

All signals, o- whatever frequency, be-
come progressvaly weaker with dis-
tance accordinG ‘o the inverse square
taw. You might tFink that, at a distace
as great as 4CG,000 kilometers, ha-dly

BY GLENN HAUSER

any sicnal wotld be I=ft. Butthat isn't=c!
A 130 DO0-watk sizt on(the commor et
fectiveradiaied powercfU S. FM orca=-
casters) would stl out © a 45-pW/
metes signalasfzraaay as the moom—
anz Dat's plerty “erany good FMv tunzr
on = market iacav

¥/= obtain tFe < >p\w/mifield sterxh
by he stancand ‘avarse-square formuda
for the ideal lre«f-sight case. We a=
proach line-af:sizkt in the earth-mzoen
caserore coseh, “haoversingle-p 2~
et =z hs where th2 cuvature of the body
and fe distene2 o “he -adie horizon a~2
all-important  Fo~ever, atmospheriz
scaiter ng be‘ere te sgna entess es
sdace will d minsh the 4.5.V/m ficue
by ar unknown ZiLtnd! urnanageasis,
aroun:. In fact. te moonis constanty
bomta-ded by a Z=cophony of eath ziy
nas. The proclem Aill nd: be o pul
them i1, but to Ciscrimingte betwzen
then

Antemnas. O the —100n trere islotz f
racmt to put upthe rmics: efisient r=csiv-
irg €n:ennas possbe. In fact, hice
higr gzin arm)ys —cu< be esected mech
mare easily in e moons one-s <h

greviy. Because th= aopzrent posiftcn-
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A PRACTICAL ANALYSIS
OF HOW RADIO AND

TV DX'ERS CAN,

ONE DAY, PURSUE
THEIR HOBBY ON THE
MOON OR OTHER
COLONY IN SPACE




of the earth in the lunar sky varies only
slightly, antennas could be permanently
aimed toward earth, never having to
track the planet. However, extremely di-
rectional antennas capable of picking
out signals 2° apart would have to be
slightly movable. Two degrees is the ap-
parent diameter of the earth as seen
from the moon—four times the size of
the moon in the terran sky. Apart from
this, lunar libration causes the position
of the earth to oscillate very slightly in
the sky.

The ideal receiving antenna for the
mediumwave band, the Beverage,
would be easier to build on the moon be-
cause it would weigh less and require
fewer support poles. But because of the
moon’s greater curvature, it would be
more difficult to keep it going in an abso-
lutely straight line over several kilome-
ters. As it receives off its end, rather
than broadside, it would have to be built
near the moon's limb where the earth
hangs near the horizon. Alternatively, it
could be run up a mountain slope so it
would still point toward earth.

Earthlings seldom consider the fact
that almost all transmissions, whether
vertically or horizontally polarized, are
broadcast into the horizontal plane. Very
little of the signal goes straight up, or at
angles much above the horizon. There
has never been a marketable audience
in those directions! True, there are occa-
sional manned satellites, and airplanes;
but they pass quickly out of range, and
even most satellites are no farther over
a station than their fringe-area listeners
on earth.

Although the earth looks like a disc
from the moon, we know it's a sphere.
As seen from the moon, the earth ro-
tates once about every 24 hours—which
means there's a regular daily cycle of
stations to be heard one after another,
for perhaps an hour at a time, depending
on the effective radiated power and the
broadness of each signal beam vertical-
ly above its horizon.

The stations near the approaching
and receding limb of the earth put out
the most power towards the moon when
the moon is near the horizon as seen
from the earth. (Unless, of course, there
are nulls in the stations’ directional pat-
terns where the moon happens to be.)

Frequencies. Now we come to the
advantages and disadvantages of differ-
ent frequency bands. Let's look at medi-
umwave first. We've all heard specula-
tion about the sphere of broadcasts ex-
panding from the earth at the speed of
light, with the leading wavefront already
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some 55 light years distant. This sphere
is announcing to the universe that crea-
tures in the solar system have reached a
technological level capable of broad-
casting. Any intelligent beings of the
same or greater technological level with-
in this sphere have probably begun to
acquaint themselves with human civili-
zation as portrayed in our broadcasts.
But the earliest broadcasts were on me-
diumwave. It turns out this is the worst
band of all for reaching the cosmos—for
the same reasons that it is the best one
for reliable domestic broadcasting
beyond the horizon! When it is night on
the earth, MW signals are for the most
part returned back to earth by the upper
regions of the ionosphere. Relatively lit-
tle of their energy escapes into space.
When it is day on the earth, most of the
signals are absorbed by the D layer,
again preventing escape into space. For
these reasons, there may be less
pre-1940 AM radio from earth floating
around in space than we might like.
Longwave broadcasts (currently from
Eurasia and Africa only) have about the
same characteristics as mediumwave,
except for much greater groundwave
range. The greater number of super-
power transmitters on LW might improve
the chances for escape into space. But
all is not lost, thanks to shortwave and
vhfl

Back in the 1920's, shortwave fre-
quencies were thought to be useless so
all early broadcasts were on medium or
longwave. Yet unintentional harmonics
from mediumwave stations did get out
on shortwave. In fact, it was receiving
these harmonics which piqued interest
in exploring the higher frequencies.

Because AM broadcasts signals are
the least ideal to penetrate space, it may
well be that the now-almost-forgotten
shortwave simulicasts of AM stations in
the 1920's and 1930's—KDKA, WLW,
WIOD, and the New York flagship sta-
tions—are the signals carrying news of
humanity into the cosmos. The early FM
simulcasts in the 40-MHz band serve
even better. This assumes that the me-
diumwave harmonics, shortwave and
FM relays were above the MUF (max-
imum usable frequency) much of the
time, as seems likely.

Just as the ionosphere makes possi-
ble long-distance communication be-
tween different points on earth, it is an
obstacle to communication from earth to
other planets. We can divide the iono-
sphere into three different basic condi-
tions: transparent, refractive/reflective
and absorptive. We've already noted
that it's either refractive/reflective or ab-

sorptive on mediumwave. But it behaves
much differently at higher frequencies.
At a constantly changing shortwave fre-
quency we find the MUF. Above this fre-
quency, most radio energy escapes into
space. Fortunately for our DX'ers in
space, the ionosphere at SW is a much
less reliable refracting medium thaniit is
at MW. ltis also much less subject to ab-
sorption.

On earth, the ionosphere causes such
wide variations in propagation efficien-
cy, that even the lowest power SW
transmitter has an occasional chance of
reaching the other side of the world. But
how well are shortwave broadcasts like-
ly to get through to the moon? When
we're talking about a distance of some
400,000 km, a few thousand kilometers,
one way or another is insignificant. Here
is where raw power could really pay off.
On earth, a great fraction of a 500-kW
shortwave transmitter's output goes to
waste; that's why a 5-kW station on the
next frequency can be heard just as
well, depending on conditions. But the
500-kW SW transmitter is going to have
a much better chance of being heard on
Luna than the 5-kW outlet, because the
inverse square law will provide more us-
able signal.

SW broadcasters stick to a fixed
schedule, from day to day, initiating ma-
jor changes four times a year. This
means that on a given day they may be
putting out hundreds of kilowatts on fre-
quencies which happen to be above the
maximum usable frequency under exist-
ing conditions. So most of this radiation
goes right out into space, where lunar
colonists can make good use of it!

Because SW is the band which nor-
mally propagates from one side of the
earth to the other, it follows that not all
SW stations received on the moon
would be on the visible side of the earth.
The first hop or two could be bent
around the “terran limb,” just so the last
one ‘hops out’ into space.

Time of day on earth has a great bear-
ing both on terran SW frequency usage
and on propagation. That is, they de-
pend on whether the path is in darkness,
in light or both. We should also consider
this from our lunar vantage point. QOur lu-
nar days and nights are each 14 earth
days long. As we observe the earth, we
can see its phases changing at exactly
the same rate that the lunar phases
change as viewed from earth. This
means that the proportion of the terran
disc in darkness changes gradually,
waxing and waning. Thus, there would
be a month-long cycle of reception dom-
inated by daytime, higher-frequency SW
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transmissions from the region of the il-
luminated limb, and lower frequencies
from the region of the limb in darkness.
However, since the earth is rotating
through day and night each 24 hours, all
countries would be ‘in view’ each day.

The moon has no significant iono-
sphere, so any changes in reception will
be due to variations at the earth end of
the path—except during solar disturb-
ances, when both earth and moon re-
ceive the same effects. But the sun can
still cause problems when it's quiet. It
normally radiates a great deal of noise at
certain frequencies. Using directional
antennas trained on earth, solar noise
should only be a problem when the earth
is near its ‘new’ phase, with the terran
disc a thin crescent or totally dark.
That's when the sun is in almost the
same direction. During total solar
eclipses on the moon (by the earth, of
course), both earth and sun are in exact-
ly the same direction. We'd have the
same problem on earth receiving lunar
stations, if there were any, when the
moon is new or eclipsing the sun.

As soon as there is a significant per-
manent population on the moon or else-
where, there will be local broadcasting
stations—hot targets for earthbound DX
listeners, just like the remote American
Forces Antarctic Network is today. The
only transmitters which have operated
from the lunar surface to date have been
in the tens-of-watts range—just enough
for communications efficiency with an
orbiter, or a giant dish receiving antenna
back on earth.

Next we come to the vhf and uhf
broadcasting bands, which are used for
television and FM radio. Under normal
circumstances, these signals go off into
space after they pass the ‘radio horizon’
of their coverage area. The ionosphere
is normally transparent at these frequen-
cies, and powers as high as 5000 kW
ERP are used! Receiving such signals
on the moon should be easiest of all.
Furthermore, the higher the frequency,
the smaller the antenna, which means a
high-gain antenna can be constructed
more economically at uhf than at hf.

There are circumstances when some
vhf signals do get trapped in the iono-
sphere and sent back to earth. Sporadic
E is the most common example. These
swiftly moving patches of ionization, in-
creasingly restricted geographically with
higher frequencies, are the prime means
of vhf DX on Earth. But from the spatial
point of view, they are potential interrup-
tors of reception. True, they couid on
rare occasions bring in a TV or FM sig-
nal from beyond the limb of the earth,
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but so what? The same station could be
received direct a few hours earlier or lat-
er, as the earth’s rotation brings it into
position.

Another obstacle to both vhf and uhf
signals penetrating into space is the oc-
casional inversion layer causing wide-
spread ‘tropo’ DX on earth. However, it's
doubtful that all of a station’s signal is
trapped on earth by tropo.

“Selectivity.” On vhf and uhf, the
major problem is likely to be too many
stations coming in at once—with roughly
equal signal strength—on the same
channels. This will be alleviated by the
‘limb effect’, when stations on the limb of
earth at any given moment dominate
since most of their power is radiated into
the plane in which the moon lies. But be-
cause high-power FMand TV broadcast-
ing is concentrated in relatively small
areas of the globe (North America and
Europe), there will be no way to sepa-
rate stations by antenna directivity. All is
not lost, however.

The FM “capture effect” would save
the day when there is a significant differ-
ence in signal strength. The one strong-
est signal would be heard, and all the
others rejected. However, this has its
limits, as we can observe here on earth.
There have been sporadic E openings
blanketing a major portion of the United
States, bringing in dozens of FM sta-
tions at the same time on each channel,
and at such similar strengths that only
occasionally would one rise sufficiently
above the hash to be identified. It
couldn’t be much better at a reception
point where all these stations would put
through signals continuously. And the
capture effect applies only to FM trans-
mission, used for FM radio and TV audio
only. TV video would be a huge con-
glomeration of beat bars, completely un-
viewable, uniess we pick our targets
very carefully.

Though all these stations wouid be
reaching the moon, there still would be a
great deal of DX challenge in picking in-
dividual stations out of the melange.
There would be several ways o do it.
The best would be to tune at a time
when only one station happens to be on
the air on its channel in a wide geo-
graphical area—such as the still small
number of all-night TV stations in North
America. But this is hardly prime-time
television. Those intelligent beings
somewhere in the 5-t0-20 light year
range from earth are most likely viewing
old movies on all-night TV stations, no
doubt getting an even less reliable im-
pression of life on earth than they would

get from prime-time or ‘daytime’ viewing,
when every TV station is on the air si-
multaneously!

Another way to get intelligible video
from earth is to pick a channel which
happens to be sparsely occupied. In
practice, this means the high end of uhf
or the low end of vhf. In earthly terms,
any station relegated to the high end of
the uhf band feels it's got a raw deal,
and does everything possibie to move to
a lower uhf channel, or preferably vhf.
For example, a Washington, D.C. TV
station on channel 53 recently went on
channel 14 as well, where fewer people
would be likely to miss it.

But for interplanetary television, those
stations on isolated higher channels
suddenly are at a great advantage!
There’s only one channel 68 station in
North America (other than low-powered
transiators), an independent in Los An-
geles running a million watts. They'll be
a big draw on the moon. Down one, at
channel 67, viewers can get PBS
through the Baitimore station running
only 650,000 watts ERP. All the lower
channels have more than one U.S. sta-
tion, though there are certainly times
when only one is on the air, or on the vis-
ible side of the earth, or both.

A similar situation exists in Europe.
Britisk ITA from Dover would come
through on European channel 66 with-
out interference, if its paltry 100,000
watts video ERP could achieve an ade-
quate signal-to-noise ratio at lunar dis-
tance. France's program 2 from Aurillac
is on another exclusive channel, 65.
This one has 500,000 watts. But all the
lower uhf channels are occupied by sev-
eral powerful transmitters in each coun-
try. They usually carry the same pro-
gram per country, but that wouldn’t keep
them from mutually interfering.

Brazil is another country with some
uhf broadcasting, and it is sufficiently far
from North America and Europe to be
the only visible uhf area at certain times.
Our latest reference shows single sta-
tion occupancy of channels 17, 19 and
22, though each uses only a 50-kW
transmitter. Of course, these happen-
stance “unique” channels may be long
gone by the time lunar colonists have
settled and have some spare time for TV
DX'ing!

Japan is the only other major uhf TV
area ir the world so far. Unfortunately,
powers are relatively low, and the only
exclusive channels are occupied by low-
power stations. So getting viewable Jap-
anese TV on the moon wouid be doubt-
ful, depending on whether it was the
only country on the air at a given hour,
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and if there was only one station on the
air on a given channel.

Besides the exclusive channels on the
high end of the uhf TV band, there are
others at the bottom of the vhf range.
For example, on 45.0 MHz video/41.5
MHz audio, there is one high-power TV
station in London, and a number of low-
er-powered repeaters. Although these
frequencies are used for two-way com-
munication in other parts of the world,
nowhere else on earth are there TV sta-
tions on these frequencies. Also, it's un-
likely that any of the interference
sources would have a power output ap-
proaching 200,000 watts. Unfortunately,
this BBC channel is considered an-
tiquated and due to be phased out in fa-
vor of uhf.

Another maverick TV station that
might be seen on the moon better than
in most of Australia is the only station in
the world on 138.25/143.75 MHz, Aus-
tralian channel 5-A—ABWN, with
100/20 kW of output, at Wollongong,
N.S.W.—if it still exists. The forces of
standardization are cruel! Actually, the
2500-MHz instructional Television Fixed
Service band (as it is called in the U.S.)
is at a more favorable frequency range
for interplanetary DX than even uhf TV.
Unfortunately, powers are low and direc-
tionality is extreme, so like TV mi-
crowave links on even higher bands, it's
doubtful that they could be seen at lunar
distances.

Lest you think this is all too far-
fetched, ham operators have been work-
ing each other by EME (Earth-Moon-
Earth) or “moonbounce,” for many
years—with the limitations on power in-
herent in amateur radio. |f hams can
make contact by reflecting off the moon
on the 432-MHz band (near channel 14)
as well as 1296-MHz band (above chan-
nel 83)—frequencies at which a large
fraction of the transmitted power is ab-
sorbed and scattered—it seems a cer-
tainty that broadcasting stations with
much higher power could be received on
the moon. In fact, there’'s a marginal
chance that intercontinental uhf TV DX
(at least the audio channel) would be
possible via moonbounce. The best way
to find out would be to dedicate a huge
radio telescope to moonbounce TV DX
during the brief periods when the moon
is in a favorable position.

Certain channels in the FM education-
al band (88-92 MHz) contain only one
powerful station in North America along
with many lower-powered ones. This
means that the one strong station would
be essentially free of interference on the
moon due to the capture effect. For ex-
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ample at 88.1 MHz (which is avoided by
FM stations in most areas because it is
close to TV channel 8) there is a single
98-kW station: WMPR, Sumter, SC. The
next strongest at that frequency is in
Lubbock, TX, with only 18.5 kW. At 89.1
MHz, there is the 100-kW WVWR in
Roanoke, VA, which is followed by an
11-kW station in Schenectady, NY.

It's a safe bet that these stations
haven't realized what a potential com-
petitive advantage they have in space!
Even greater advantages are held by
some Canadian stations operating what
the U. S. calls “Class A” channels. U. S.
stations are uniformly limited to 3kW,
while Canadians such as CKY-FM, 92.1,
in Winnipeg runs 360 kW; CKSO-FM,
92.7, Sudbury, has 100 kW; CBW-FM,
98.3, Winnipeg, 354 kW, CBZF, 102.3,
Fredericton, 100 kW. A number of other
Class-A channels harbor more than one
high-power Canadian.

It's a shame that no lunar expedition
to date has included a multi-band receiv-
er to check for Earth DX. The Manned
Spacecraft Center informed me they
were aware of no such experiment, al-
though ESP definitely was tried!

Relays and Receivers. Once there
are permanent habitations on the moon
and travel there becomes more routine,
it will be hard to resist using it as a relay
base for international broadcasting.
There may be international treaties pre-
venting it, but this is not a real obstacle.
A station doesn't need to reveal where it
is being relayed from. Radio Moscow
never admits that it is relayed from two
sites in Bulgaria, for example, so why
not set up a lunar relay, using FM on the
25-MHz band? Of course, a lunar relay
site would be useful only 12 hours a day
when the moon is in view—and the 12
hours would shift over the entire 24-hour
day during a month's time.

The BBC keeps putting up new relay
sites, despite budget cuts, so the moon
is a logical projection of this trend.
Again, should there be any political rea-
sons for broadcasting from the moon
without admitting it, the BBC also has a
precedent—its regular use of relays by
the VOA, never specified as such in its
published schedules.

The far side of the moon is the ideal
place to monitor for broadcasts from oth-
er civilizations, for only on the far side is
the cacophony from earth shielded.
However, even on the near side, it may
be possible to receive messages from
other worlds. This is an improvement
from trying to do it from earth. But
there's another reason. We take our ba-
sic unit of time, the second, completely

for granted, though it is arbitrary. There
is really no chance at all that any other
civilization would have precisely the
same time unit, unless they derived it af-
ter hearing our broadcasts. Thus, any
physical quantities involving time, such
as radio frequency, would not be in in-
crements referenced to our seconds.
This means that even if they used the
decimal system (which is another un-
warranted assumption), and used the
same absolute frequency band for FM
broadcasting (88-100 MHz), their chan-
nel spacing would inevitably be different
from ours. Two hundred kHz is 200,000
cycles per second, and their cycles
would be measured against something
other than a second! Therefore, most or
all of their transmissions would be on
what DX listeners call “split” frequen-
cies—allowing them to be heard be-
tween earth-based frequencies.

Cities in space would encounter ex-
actly the same reception conditions from
earth as those on the moon. However,
the logistics of antenna building and
aiming would be quite different in a rotat-
ing, free-fall environment.

Earth reception on Mars or the Jovian
satellites would be similar, but presents
greater problems—greater distances,
Martian atmospheric effects, the earth
as a point source (allowing no practical
discrimination between approaching-
and receding-limb stations), and the fact
that earth would never stray too far in
the sky from the sun (a considerable
noise source against the intrinsically
weakened earth signals). R-f from the
planet Jupiter itself would be capable of
blotting out broadcast reception from
earth on some frequencies. In fact, we
can hear that noise right here on earth if
we know where to tune and how to rec-
ognize it.

Monitoring earth broadcasts on Mars
would underline the tremendous dis-
tance involved. One would presumably
have an atomic clock running on earth
time (UTC), but even so there would be
a signal propagation delay ranging from
3 to 22 minutes. The delay would vary
so widely because the distance between
the two planets varies more, in fact, than
the distance from earth to any other pla-
net. If earth-based TV programs were
observed to start a given number of min-
utes late, the distance to earth at that
particular instant could be easily cal-
culated.

People with many different avocations
have walked on the moon already. It's
about time a skilled DX listener/viewer
had a chance. NASA and other agen-
cies, please note—I volunteer! o
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BUILD THE HI-FI/TV

® SHUTS AC POWER

- AUDIO-MINDER

WHEN AUDIO ENDS
® ADJUSTABLE TIME DELAY
® CONVENTIONAL TIMER USE

® CONNECTS TO SPEAKER

BY CURT KOBYLARZ

F YOU EWVER left an expen-

sive stered system ora TV recs ver
operating al rightbecaLse you fangot
to shut it off take heart. Here is alow-
cost, automat c shutoff controlier for
home enterza nment equipment that
does not require any internal circuit
changes or connections.Shutoff sac-
tivated by th= absence ofan audie sig-
nal, not by a ore-set timre interval. as
with mechanizal cevices. According-
ly, the controller can be connectad to
speaker terminals or to a tape output
monitor jack.

An adjustable d=lay system avoids
premature shutoff providing the tser
with enough iime to change a record
on a manua r=cord player or a reel of

& ‘tapeon areco-der cefore the systam is
- turned off. Shuto-f time range s 50

seconds to 20 minutes atter the signatl
level has dropped below a preceter-
mined setting At about 60,000 chms
impedance, tt-e coatroller will nos I>ad
most circuizs Nose filtering is pro-
vided to remcve AM and FM intersta-
tion hiss fo ensure against false
shutoff trigcering when using either of
these signa sources.

Furthermeor=, th= con:roller car be
used as astendard non-gudio timar for




5

H3IMOod

Q0QQQ

ng'2
1.Lo3Y

g,

L

]
t

L
ol ko]

Oit

oy
ALl

vol
14

Fig. 1. Complete schewmatic diagraim
of the hi-tilTV “Audio Minder.™

ll

0lp
2¢H

ELIN
21

1. 2.

Qo

The civenit fits on a single PC
hoard, as shown in F

At

A+

ni_oA_
82

Er9EN2
v0

HOI S
EELE:

VWYY

- 1=
201

AYI3a
WS
PAs-]

WE'E 20

rOBENZ

U ool
124

Hes
824

L

{0)—e

tOBENZ
10

aes

3100011 +
1o

)

H3IWIL

IVNYON

ves

i

Hg 8 IVNI
2q

AAAAAA
YVWYYy

1
3101
1y %) 2

8vIPNI|
10

1383Y
1S

>

N0Le
LY

+  |adose

€0

006g=101

YYVWWY

L)

YWWWWY
NO9¢
L]

"

POPULAR ELECTRONICS

42




PARTS LIST

All capacitors disc or Mylar unless other-
wise noted.

C1—0.047 uF capacitor

(2—=27-pF capacitor

C3—750-pF capacitor

C4—220-pF capucitor

CS5—10-uk. 1S-volt electrolytic capacitor

Co—1-uk. 15-volt electrolytic capacitor

C7—=220-pk. [S-volt electrolytic capacitor

CR.CI.CI0—0.01-pF capacitor

CH—1000-uF. 15-volt electrolytic capag-
ior

C12—0.1-pF . 200-volt capacitor

C13—470-4k, 2S5-volt electrolytic capac-
Hor

D1.D2—IN4148 diode

D3—IN4002 diode

F1—10-ampere fused and holder

1C1—1.M 3900 quad op-amp

[C2—556 dual timer

J1—Phono connector

Kl1—Reed relay. 500-ohm. [2-volt coil.
normally open contacts

LEDI—Any light-emitting diode

Q1.Q2.Q3—2N3904

(Q4—2N3643

QS5—Triac. 20-A. 200 PIV

RECT I—Full-wave rectifier bridge

All resistors Ya-watt, 107 unless otherwise
noted.

R1.R16.R 18— 1(0.000-ohm resistor

R2.R 14— [0-megohm resistor

R3—68.000-0hm resistor

R4—4.7-megohm resistor

R5.R6.R20—560.000-ohm resistor

R7—270.000-0hm resistor

R8—1.2-megohm resistor

R9—100-ohm resistor

R10.R25—[-megohm resistor

RI1—3-megohm linear potentiometer
(**Sensitivity™)

R12.R13.R24—180.000-0hm resistor

R1S—1000 ohm resistor

R17—35-megohm linear potentiometer
(“"Delay™)

R 19—330.000-0hm resistor

R21—100-ohm resistor

R22 R23R28—82.000-0ohm resistor

R26.R29.R30—10.000-ohm resistor

R27—23300-ohm resistor

R31—100-ohm. Y2-watt resistor

R32—470-ohm. Y2-watt resistor

SI1—Pushbutton switch. momentary con-
tact, normally open (**Reset™)

S2—Spst switch (*Power™)

S3—Dpdt switch (""Normal/Timer'")

SO to SO4—Ac power receptacle (sock-
ets)

Ti1—Transformer: 12.6-volts. 300-mA . PC
mount

Misc.: Suituble cabinet. heat-sink mate-
rial. [C sockets (optional), strain relief.
press-on type. mounting hardware, etc.

Following are available from WEI, 492
N. Sheridan Rd.. Peoria. [Hlinois 61614:
complete kit (SO-1) includes all compo-
nents, PC board, metal case, power cord, ac
receptacles, etc. at $39.95; PC board
(SO-2) at $6.00; metal case (SO-3) at
$8.50. AH orders postpaid to the Continen-
tal United States only. Hlinois residents
please add 5% sales tax. Allow four weeks
for delivery.
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any electrical appliance, TV receiver,
etc. up to its rated 1200 watts. In this
mode, the controller will turn power
off at a pre-set time ranging from 10
minutes to two hours. The complete
circuit is shown in Fig. 1.

How It Works. The selected audio
input is applied via phono connector,
J1, to the first amplifier and filter IC1A
where it is amplified and filtered with
rotl-off occurring about 1.25kHz at —6
dB per octave. The second stage,
IC18B, is a two-pole filter whose cutoff
frequency is approximately 1 kHz with
unity gain. The two stages combined
roll off is about 18 dB per octave to
remove noise and filter out any high-
frequency hiss if an FM or TV station
goes off the air (if this is to be the audio
source).

The filtered signal is rectified toadc
level by D1, D2, and C6, with R10
“bleeding" the charge from capacitor
C6 when a signal is not present. IC1C
is used as a comparator having fast
"snap action” (positive feedback) so
that when the rectified signal applied
to the non-inverting (+) input exceeds
the level set by the SENSITIVITY control,
R11, the output switches off very
rapidly. Note that the 3900 op amps
used here are current devices rather
than voltage devices represented by
conventional op amps, therefore all
voltages must be converted to cur-
rents. This will explain why high-value
resistors are used in many places in
this circuit.

When IC1C output is high (audio
signal present), LED17 isturned on and
current-limited by R75. The IC7C out-
put signal also turns on the OR gate
formed by /IC7D which, in turn, causes
Q4 to saturate and draw current
through the coil of the reed relay, K7.
With the reed relay contacts closed,
gate power is applied to the triac, Q5.
and power is present across the multi-
ple power sockets, SO7 through SO4.
This turns on any equipment con-
nected to these sockets.

When the input audio signal either
disappears or falls below the pre-set
SENSITIVITY threshold, comparator
IC1C switches off very rapidly. Thisac-
tion also starts one of the timers in IC2
whose output (pin 5) keeps the OR gate
operating until the timer times out.
Power remains on the four sockets. If
another audio signal should appear
within the time-out interval, the sec-
ond timer within /C2 will generate a
5-millisecond pulse which will turn on
Q3 and discharge the main timing

capacitor C7. This resets /C2 back to
zero and ensures that the last audio
signal is always the one that begins
the time-out delay. Transistors Q7 and
Q2 act as a ‘"'quench” circuit by
grounding the comparator signal an
instant before shutdown. This is
necessary because some audio power
amplifiers generate a "“thump’ when
turned off and this may retrigger the
timer and never allow system shut-
down.

Reed relay K1 is necessary for com-
plete isolation between the circuit and
the triac. Snubbers circuit C12 and
R32 protect Q5 from line transients
and surges generated when inductive
loads (such as the power transformers
in high-wattage power amplifiers) are
suddenly switched off. The triac
should be heat-sinked.

The timer function is determined by
the setting of NORMAL/TIMER switch
S$3, which disables the input circuit by
turning on the ‘‘quench’ transistor,
Q1, and connecting a larger capacitor
(C11) in paraltel with the main timing
capacitor C7. Potentiometer R17 sets
the timer delay in either case, al-
though the range for NORMAL and
TIMER positions of S3 is different.

Construction. The circuit is easily
assembled on a single PC board, as
shown actual size in Fig. 2, which also
shows the component installation.
Connections to off-board compo-
nents are made via the lettered pads
on the foil pattern. Note that some re-
sistors are mounted “end up.”

The triac is mounted on a metal
bracket, which acts as the heat sink,
and mounted as selected within the
cabinet. If a metal case is used, make
sure that the triac is electrically iso-
lated, but thermally bonded to the
heat sink. Use at least 18-gauge wire
between the triac, power outlet sock-
ets, and the power line. A three-wire
line cord is recommended with the
ground (green) lead connected to the
metal chassis. Almost any type of
cabinet may be used.

The switches, J7, potentiometers,
and LED17 can be mounted on the front
panel, while the four controlled sock-
ets can be mounted on the rear apron.
Although four controlled power out-
lets are used, more can be added pro-
vided that the triac can handle them.

Operation. The selected audio input
signal can be taken from the tape
monitor output of either channel (use
a 'Y" connector if necessary), or di-
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rectly off the speaker terminals of POWER switch S2 on. Place both

either channel. The monitor output
has the advantage of a constant level
irrespective of volume control settings
so the SENSITIVITY control need be set
only once.

Connect the selected devices
(tuner, amplifier, etc.) to the con-
trolled sockets SO7 through SO4 and
turn on their power switches. Connect
the controller to the power line, place
S3 in the NORMAL position, and turn
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potentiometers in their mid positions,
then depress RESET pushbutton S7.
LED1 should glow and the ac outlets
should be energized. With no signal
connectedtoJ1, LED?1 willgo out aftar
C6 discharges, but the delay timer will
keep the outlets energized, until it
times-out—determined by DELAY
potentiometer R17.

Connect the seiected signal source
to J1, reset the controller, and adjust

Fig. 2. The printed-cireunit board’s foil
pattern is shown al left, while the flop side
below illustrates component installation.
Note that resistors installed on pads with «
drcwon eivele are to be mounted end up.

SENSITIVITY control A77 until the LED
remains on continuously. The DELAY
potentiometer is adjusted as required.
When the input signal is removed, the
system should shut down after the,
delay period.

To shut down the system when an
FM or TV station is used as the signal
source and the station goes off the air,
use the following setup procedure.
Tune in the station and adjust the SEN-
sITIVITY control until the LED just goes
out, then bring it back until the LED
remains on most of the time. Tune the
receiver off-station for the hiss and
observe that the LED goes out. The
system is now adjusted so that it will
automatically shut down after a sta-
tion goes off the air for the night.

Use of the tape monitor output for
the signal source is necessary when
headphones are being used and the
amplifier is disabled from the speak-
ers. Since the input impedance of the
controller is approximately 60,000
ohms it will not load the signal to the
tape deck.

For use as a timer, place S3 in the
TIMER position, set the DELAY time as
desired (10 minutes to 2 hours), and
operate the RESET pushbutton S7. in
this case, the input is not being moni-
tored; the ac outlets will be de-
energized only after the selected time
interval has been reached. This mode
is used to turn off any appliancesor TV
receiver automatically. @®
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EVERY PROJECT IN
THISBOOK IS ANOTHER
REASON TO OWN
CSC’S QI SOCKETS AND
BUS STRIPS.

Variety —~ 10 models from 70 to 590 solderless
tie-points feature snap/lock design to expand or
contract your breadboard to fit every circuit
and budget requirement.

Versatility — U se with virtually all types of parts.
including resistors. capacitors. transistors,
DIP's, TO-5's, LED's. transformers, relays.
pots. etc. Most plug-in directly and instantly.

in seconds. No special jJumpers required — just
lengths of #22-30 AWG solid hookup wire.
Molded-in holes let you mount QT units
securely on any flat surface with 4-40 flat
head screws. or 6-32 self-tapping screws,
from behind pane!.

Economy — Sockets are priced as low as
$3.00* Save more money by eliminating
heat and mechanical damage to
expensive parts. re-using components.
Speed - For fast circuit layouts. QT
Sockets have 5 interconnecting tie-

points per terminal: Bus Strips feature

2 separate rows of interconnecting

4% terminals. Both connect and dis-
e connect easily. without damage to
. g™ socket or parts.

With QT solderless bread-
boarding sockets and bus strips, 1
you can build twice the projects in
half the time. Because making
connections or circuit changes is
as fast as pushing in—or pulling
out—component leads. No special
clips or jumpers required, either.

When you're building circuits
Jjust for the fun of it, you can take
them apart in minutes —not hours
So you save money by re-using parts.
while eliminating heat damage to
expensive components. Interlocking
QT Sockets and Bus Strips are
infinitely expandable, too: start small
and “grow’ breadboards as large as
you wish

For as little as $3.00. you can get

00,y : Visibility . |
alot more out of your time in electronics LT =L RS ELOMEE I e

y “.' easily visible and accessible. for

—so why not treat yourselftoa QT A quick signal tracing. circuit analysis
k 2 - : “_,_-' and diagramming.
S_O_C gl togay o R, s Durability — Higher-temperature
——— Length ———| Lenatn | Hote- ) Unit * g sockets with abrasion-resistant.
i¢— Hole - to-Hole —¥ 9N | toHote | TEMINAIS | e g prose, glass-filled plastic. rated better
—_— o . : H‘; than 100°C. Screw-down-and-
QT-59S | 65 6.2 118 12.50 Dy Rd interlocked design provides high
. QT-59B| 65 | 6.2 20 250 W mechanical strength.
- ® L] Reliability — Ruggedly designed
QT-47S| 53 50 94 10.00 LY cpcpcus s to professional engineering
snpsmsmmeny QT-478 [ 537 | 5.0 16 | 225 | standards, for heavy day-in.
X day-out use. Non-corrosive
S QT-35S8 | 4.1 38 70 8.50 prestressed nickel-silver contacts
vm—— QT-35B | 4.1 | 38 12 | 200 insure more secure mechanical
4 [ and electrical connections. Vinyl
5 - QT-188 | 24" | 2.1 36 475 backing prevents shorting when
mounted on conductive surfaces.
. QT-128| 1.8 15 24 3.75
- CONTINENTAL SPECIALTIES CORPORATION
QT-8s 14 11" 16 3.25
Al QT units
are .33" thick QT-78 | 1.3 I 1.0 14 3.0C
See your CSC dealer or cail _— T 06505 44 Kendall Street, Box 1942
w Haven . - - . - -
20:.3-624_31.03 (EaSt Coast) or 415-421-8872 (West Coast) West Coast of(fa‘nce: goi 7809. gan Frazr?csls?:":)‘.‘(?/logﬁl%xo 1112-:’515815%
major credit cards accepted. TWX. 910-372-7992
“Manufacturer s suggested list ¢ Prices and specifications subject 1o change without notice
© 1976. Continental Specialties Corporation CIRCLE NO. 17 ON FREE INFORMATION CARD
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SIX (MOS CIRCUITS

FOR EXPERIMENTERS

Using CMOS digital integrated circuits can simplify designs,
cut costs, and reduce power supply requirements.
Here are six basic examples of how the use of CMOS can
“‘do more for less’’—circuits every experimenter should
have in his bag of tricks.

BY DON LANCASTER

1/4-4093
FR M_] L_
e et LI to uaRT,
ENCODER TVT, OR
COMPUTER

Automatic Keyboard Repeat

This circuit can be added to almost any AS-

Cli keyboard and encoder to create a sim-

ple, low-cost repeat function. The circuit

shown uses the positive output of a 2376

keyboard encoder IC to drive the negative-
going input required by many UART’s and TVT's.

The signal from the keyboard encoder is normally
low, thus this circuit has a high output. When a key is
depressed, the positive-going pulse from the encoder
drives this circuit output low for as long as the key is
depressed. However, if the key is held down, the circuit
will deliver outputs that repeat as long as you want.
This is handy for cursor motions, adding spaces, etc. A
one-second delay is provided between the first and
second output pulses, and after that, the pulses will be
repeated at a three-per-second rate. This built-in delay
is created by the longer initial charging time of the ca-
pacitor, followed by the faster motion between the
Schmitt trigger upper and lower trip points. You canuse
the other NAND triggers in the package to shorten
pulses, orinvertinput or output.

+V

Contact Debouncer

Pushbuttons and switch contacts must be

debounced when used with clocked logic.

Otherwise, contact noise and bounce will

produce multiple “hits”. The feedback resis-

tor in this noninverting buffer circuit will hold
the output in either the high or low state. The spdt
pushbutton forces the circuit into one state or the other,
while the latching holds the circuit in that state, during
the debounce interval. Actually, the resistor can be
eliminated and replaced with a short between the input
and output, but this may add some current “glitches” to
the power supply line. Six switches may be conditioned
using the six buffers in the IC package.
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330K

1/4-4584
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Square-Wave Generator

With the values shown, this circuit gener-

ates approximate 1-kHz square waves.

When the Schmitt trigger output is high, the

capacitor charges to the supply voltage

through the resistor. When the voltage
across the capacitor reaches the upper trip point of the
Schmitt, the output drops low. The capacitor then dis-
charges through the resistor, and when the capacitor
voltage reaches the lower trip point, the Schmitt output
snaps high and the cycle repeats.

The circuit is sure starting, and the output swings the
full power supply level which can be anything between
5 and 15 volts. Supply current is typically 10 microam-
peres. Since the capacitor voltage always remains be-
tween the two trip points, no input protection is re-
quired. The frequency can be altered by selection of
the resistor and/or capacitor value.

Alternate Action Pushbutton

Each time the pushbutton switch is oper-
ated, the circuit shown here changes its out-
. put state. On one depression, the output is
high; and on the next depression, the output
is low. Operation is reliable and the pushbut-

tonis fully debounced.

Despite its apparent simplicity, this is a full-fledged
master-siave flip-flop with the RC network being the
“master” that remembers where the output is to go.
“The two inverters form the “slave” latch.
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Digital Sine-Wave Generator

This circuit uses a clock frequency 10 times
the required output frequency. The walking-
ring counter and resistor summing network
will produce a “‘chunky” waveform at the
output. However, you can filter this wave-
form since it is basically a sine wave with a little of the
9th and 11th harmonics present. You can either ignore
the harmonics or use a capacitor (shown dotted on the
schematic) as a filter. If desired, an active filter can be
used. The unfiltered output swings the full supply volt-
age which can range from 3 to 15 volts.

A ™
OUTPUT

1/2-4011 K_.
100K 100K
TQUCH
) SENSORS

SETY

Touch-Controlled Latch

Short the SET contacts with your fingertip

and the output goes high. Later on, if you

touch the CLEAR contacts, the output goes

low. In this simple set-reset flip-flop, the 4.7-

megohm resislors hold the NAND gates in-

puts high, and are disabled when the 200,000 ohms or

so of finger resistance provides the “low impedance”
path tc ground, to force the circuit to change states.

The touch sensors may be any type of conductive
material with a slight gap between the two elements.
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FOIL CAR THIEVES

WITH

“DIGISTART”

THE ELECTRONIC
SECURITY
LOCK

o

BY J. FORTUNA

IGISTART can be used as a “key-
less” security system for a vehicle

or boat starter system, an electrically op-
erated door, or any system that requires
an electrical signal to activate.

This new digital security system uses
a series of pushbutton switches that
must be operated in a particular se-
quence, otherwise it will not operate.
Even when the correct combination is in-
serted, the user must operate still anoth-
er switch, and then he gets only be-
tween 5 and 6 seconds (adjustable by
the installer) to activate the circuit.

Although this article uses a vehicle
starter solenoid as the external electrical
system being controlled, any type of 6-
volt door solenoid can be activated. It
can even be used to control a garage-
door lifting motor, if the low-power con-
tact relay within this circuit is used to op-
erate a power relay whose contacts can
take the current requirements of the
door lifting motor.
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How It Works. As shownin Fig. 1, the
Digistart consists of five conventional JK
flip-flops (/IC1,IC2,IC3), whose Q-out-
puts are fed to 8-input NAND gate /C4
with the three unused inputs connected
in parallel with one of the used inputs.
(This allows for further expansion if de-
sired.) The output of /C4 triggers a one-
shot (/IC5) whose on time is determined
by R6-C1. The positive-going output
from IC5 turns on transistor Q1 to ener-
gize K1 in its collector circuit. When re-
lay K1 is energized, it completes the cir-
cuit between the system 12-volt bus,
and the vehicle ignition key so that the
starter solenoid can be operated.
However, for the Digistart to operate,
each of the flip-flops must be “clocked”
in order—left to right in the schematic,
and this is done by operating the nor-
mally open pushbutton switches 87
through S5. Each of these switches is
connected to the clock (C) input of its as-
sociated flip-flop, and governs the flip-

TTL circuit
requires

correct pushbutton
sequence operation.

flop operation in accordance with the
74107 truth table shown in Fig. 2.

Initially, the system must be manually
cleared by depressing one of the S6
through S171 “clear” pushbuttons. Once
this is done, the Digistart will clear itself
after each operation since the clear line
is connected to the output of /C5, not-
Q, which goes to ground after each op-
eration. Once cleared, all the not-Q out-
puts will be high, and all the Q outputs
will be low.

A clock pulse applied to the C input of
IC1A (via S1 closure and release) will
cause its Q-output to go high since its
unterminated J-input is high. Since the
IC1A Q-output is connected to the IC1B
J-input, the IC1B Q-output will go high
when its C-input is clocked. This se-
quence continues down the line to IC3.

When all the Q-outputs are high,
NAND gate /C4 is enabled. When IC5
gets toggled, the Q-output goes high,
and the not-Q output low. This clears the

POPULAR ELECTRONICS



I
21
3 +5v—~e 2re
14 14 2100k
4 A E
*5] Ic4 3 1}
7430 "
74107 6 — 4| 1cs L4
PIN 7=GND 74121 cl E
PIN 14245V il Y Q?ONF
12 QQ ;._
L oPPely o Q J o Q o o 5 e
12 9 2
c A c B c co [ 3 2
A a2 m K als [— K 9 '— K s K Q
cL cL cL cL cL
13[ |ol 1
" 4 . 4 . »
R2 R3 R4 RS
" 1000 1000 1000 1000
1000

+5v

+i2v—

A,B,C,D= 74107
E =1/2-74107

q
24

| o8
3

oo}

T 1

STARTER °
SOLENOID | gi2

+i12v

#*SEE TEXT

Fig. 1. Switches S1 through S5 sequentially “clock” the flip-flops and operation of S6 through S11
will shut the system down. Once activated, 5 seconds remain to start the controlled system.

C1—50-pF, 20-V electrolytic capacitor (see
text)

IC1,IC2,1C3—74107 dual JK flip-flop

1C4—7430 8-input NAND gate

IC5—74121 one-shot multivibrator

IC6—S5-volt regulator (7805 or similar).

PARTSLIST

K1—S5-volt dc relay, spst (see text)
Q1—2N3414 transistor

R1 through R5—100-ohm, Y4-W resistor
R6—100,000-ohm, V4-W resistor
R7—220-ohm, Y%-W resistor

S1 through S11—Normally open, momentary-
contact pushbutton switch (Grayhill minia-
ture, or similar)

S$12—Spst slide or toggle switch

Misc.—Suitable  enclosure,  panel
switches, mounting hardware, etc.

for

flip-flops by the clear bus. The Q-output
of IC5 remains high for the duration of
the time constant determined by R6-C1
(which can be altered as desired). In the
schematic, the time interval will be about
5 seconds. During this time interval,
transistor Q7 is saturated, and ener-
gizes K1. This completes the circuit to
the starter solenoid—and if S12 is held
closed—the starter can be operated.
When the timing interval has elapsed,
the Q-output of IC5 goes low, transistor

INPUTS OUTPUTS
CLEAR| CLOCK [J | K | @ | @
L * *® (% (L H
H ﬂ L|t|eg]| 9
W T [wle]w]e
I I I A I T I I
H | _JY [#w|w]|TossLE

#DON'T CARE

Fig. 2. Truth table
for the 74107 flip-flop.
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Q1 cuts off, the relay opens, and the cir-
cuit to the starter solenoid is open, thus
the starter will not operate.

Note that besides the five ‘“clock”
pushbutton switches, there are six
(more or less as desired) pushbutton
switches that when operated, only serve
to reset the Digistart and thus disable it.
If all 11 switches (unmarked of course)
are mounted on a small panel, the user
must know which switch to operate, in
what order, and if he “misses” any part
of the sequence, or hits a reset switch,
the Digistart will shut down.

Construction. The circuit can be as-
sembled on a small piece of perforated
board using sockets for the IC's and
transistor, and small pins to support the
six resistors and one capacitor.

Relay K1 shouid be selected so that
its contacts can handle the vehicle start-
er solenoid current. The wiring between
the relay contacts and the starter sole-
noid should also be capable of handiing
this current. The five-volt regulator can
be attached to the metal chassis for use
as a heat sink.

The pushbuttons are mounted as a
group on a small panel using any ar-

ONONC
ONONC
ojclo

COMBINATION: 12-3-1-9-4~10 (START)}

Fig. 3. Typical layout for
a Digistart switch panel.

rangement desired (such as that used
for the prototype as shown is Fig. 3).

If desired, up to three more flip-flops
can be added (along with their “clock”
pushbuttons, 100-ohm clear resistors,
using the extra inputs of IC4), and S12
can be omitted. You can also elect to
use two pushbuttons in series for S12. If
you want to change the timing interval,
select vaiues for R6-C1 in accordance
with T=RC where T is in seconds, R is
in ohms, and C is in microfarads. o
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BY THOMAS R. FOX

CAPACITANCE METER

Provides digital display of capacitance from 100 pF to 1000 uF.

APACITORS are almost as numer-
ous as resistors in many electronic
circuits. Yet, while most of us have
ohmmeters we can use to check resistor
values readily, very few have instru-
ments hat check capacitor values. Al-
though, in most cases, the actual capa-
citance value is not important, there are
some circuits— time bases, oscillators,
etc.—where the actual value of a capa-
citor can be very important.
The Digital Capacitance Meter de-

IKHz

SQUARE

scribed here is a simple, low-cost instru-
ment that can be used in much the same
manner as an ohmmeter to check the
values of capacitors. It has a two-digit
display and a measurement range from
100 pF to 1000 pF. To use it, you simply
connect the capacitor to be measured
between a pair of binding posts and
press a button. The value of the capaci-
tor is then indicated in the display. All
test potentials are less than 2 volts. The
instrument even has a low-battery alert

WAVE

COUNTERS
DECODERS,
DISPLAYS

MONO
STABLE

IC6,IC2 |\ T

4l !, |
L..|(-J‘

CAPACITOR
UNDER
TEST
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Fig. 1. Block
diagram shows

busic operation

of capacitance meter.

(if it is battery powered); when the po-
tential supplied by the battery fails below
4.5 volts, the display indicates 00.

Circuit Operation. The basic opera-
tion is illustrated by the block diagram
shown in Fig. 1, while the complete
schematic diagram is shown in Fig. 2.
Transistors Q1 and Q2 are arranged
to form a free-running multivibrator
square-wave generator that operates at
about 1 kHz. The square-wave output
forms one input for a two-input NAND
gate (part of ICT), while the other gate
input comes from a timer circuit consist-
ing of IC6 and two gates of IC2. The
length of time that the IC6 output is at
"1" is determined by the value of the un-
known capacitor connected between
binding posts BP1 and BP2, and the tim-
ing (range) resistor selected by one sec-
tion of S3. With the timing resistor fixed,
the time period is then proportional to
the unknown capacitor value. The out-
put of the NAND gate drops to zero only
when both inputs are positive. Because
the 1-kHz square waves are now gated
by the timer duration, only the amount of

POPULAR ELECTRONICS
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Fig. 2. Transistors Q_l and Q2 generate the 1-kHz square-wave input to IC1.
The other input comes from IC6 and two gates of IC2. The output of
decade counter IC3 is determined by the length of the second input.

PARTS LIST

BP1,BP2—5-way binding posts, one red, one
black

C1,C2—0.05-pF Mylar or polystyrene capa-
citor

C3—0.003-p.F capacitor

C4,C5—0.01-pF capacitor

C6—0.1-pF capacitor

D1—1N4734 diode or similar

DIS1,DIS2—Common-anode 7-segment LED
(SLA-7 or similar)

gated pulses can be counted by the fol-
lowing decade counter /IC3. The output
of this counter is a gated 100-Hz signal.
Selector switch S3 allows the choice of
bypassing this decade counter when S3
is in the 100-pF position.

The selected gated pulses are fed to a
pair of conventional decade counter/
seven-segment LED drivers, and their
associated readouts. The two-digit dis-
play can handie a count up to “99", and
if the 100th count is reached, the output
pulse from IC5 is coupled via C3 to a
flip-flop consisting of two gates of IC1.
When this flip-fiop operates, it turns on
the oveR indicator LED. If desired, this
discrete LED can be replaced by one of
the colon points in the second decade
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IC1,IC2—7400 quad two-input NAND gate
(TTL)

1C3,1C4,IC5—7490 decade counter (TTL)

IC6—555 timer

IC7,IC8—7447 BCD to 7-segment decoder
(TTL)

LEDI!—Red LED

Q1,Q2—2N388 transistor or similar

R1,R2—2700-ohm, Y4-W resistor

R3,R4—15,000-0hm, Y%-W, 5% resistor

RS5,R6—S5-megohm trimmer potentiometer

R7—6.7-megohm, Y4-W resistor
R8—100,000-ohm trimmer potentiometer
R9—5000-ohm trizamer potentiometer
R10,R11—1000-0hm, ¥4-W resistor
R12,R13—10,000-ohm, Y4-W resistor
R14—15,000-ohm, Y4-W resistor
R15 through R30—120-ohm, Y4-W resistor
$1,S82—spdt pushbutton switch
S§3—3p4trotary switch
Misc.—Suitable enclosure, knob (1), rubber
feet (4), battery holder (if used), line cord
(if used), mounting hardware. etc.

POWER, T
IN4GOI
.4 +
4400 10pF
/aa IN40OI wF TANTALUM
" o
Fig. 3. Shown o
are three
possible designs e oy
POWER 5K
for the meter . Mo H .
~——_ALKALINE
power supply. ALKAL =
T TANTALUM
- GND
5 +5V
4 1.25V
—— _ NICKEL-CADMIUM
T CELLS
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MICROPROCESSOR )
BOOKS

% from J
Osborne &° Associates, Inc.

Since we published our first AN INTRODUCTION TO MICROCOM-
PUTERS in December, 1975, our books on microprocessors have
dominated this market place, becoming the standard texts and
reference books for the industry. Sales of our three current titles
total fifteen thousand books per month and we have had more
than three hundred university text adoptions.

These are our current texts:

\ AN INTRODUCTION TO MICROCOMPUTERS: J

VOLUMES | AND Il

VOLUME | — BASIC CONCEPTS takes you by the hand, from elementary logic and sim-
ple binary arithmetic through the concepts which are shared by all microcomputers. It tells

you how to take an idea that may need a microcomputer and create a product that uses
I one. This book is complete — every aspect of microcomputers is covered: the logic devices

that constitute a microcomputer system; communicating with extemal logic via interrupts,
direct memory access, and serial or parallel |/O; microprogramming and macroprogram-
ming; assemblers and assembler directives; linking and relocation — everything you need to
know if you are going to select or use a microcomputer. Approximately 400 pages. Order
publication number 2001. Price: $7.50.

VOLUME il — SOME REAL PRODUCTS covers real microcomputers, in considerable
detail. Every major microcomputer: 4-bit, 8-bit or 16-bit, is described, including some soon
to be announced products. Major chip slice products are also covered. More than 20
microcomputers in all. Approximately 900 pages. Order publication number 3001.
Price: $12.50.

\ 8080 PROGRAMMING FOR LOGIC DESIGN AND J
6800 PROGRAMMING FOR LOGIC DESIGN

These are completely new books on a totally new subject: implementing digital and com-
binatorial logic using assembly language within an 8080 or 6800 microcomputer system.
What happens to fan-in and fan-out? How do you implement a one-shot? These books
simulate well known digital logic devices using assembly language; next they show you how
to simulate an entire schematic, device by device, keeping the assembly language simulation
as close to the digital logic as possible. But that is the wrong way to use a microcomputer;
these books explain why, then show you the correct way. These books describe the meeting
ground of programmer and logic designer; they are written for both readers. Approximately
300 pages each. Order publication number 4001 (8080) or 5001 {6800). Price: $7.50 each.

® For orders of less than 10 books Osborne & Associates
send check or money order to: Department A
P.0. Box 2036

Berkeley, CA 94702

# Price includes 4th class mail delivery within the U.S. in 3-4 weeks. For faster delivery send
$1.50 extra per book, shipping and handling.

# California residents please include appropriate sales tax.

# Invoicing available on orders greater than 10 books only. For discount pricing information and
shipping arrangements on large orders contact Osborne and Associates, Department A,
(415) 548-2805.

# Foreign orders from Europe, Japan, Canada, Taiwan and Israel will be forwarded to the local
distributor. All other orders should include $3.00 airmail, $0.50 surface mail shipping charges

per book., J

52 CIRCLE NO. 62 ON FREE INFORMATION CARD

counter. The system is reset to zero by
pushbutton switch S1.

Construction. The basic circuit can
be assembled on a small piece of per-
forated board using sockets for the IC's
and transistors, and point-to-point wir-
ing. Arrange the board layout so that the
leads to pins 1, 6, and 7 of IC6 are as
short as possible between the IC and
the front-panel binding posts BP1 and
BP2.

The two LED readouts, and their as-
sociated segment drivers (IC7,IC8) may
be mounted on a separate small per-
forated board so that they can be posi-
tioned behind a “window” cut out of the
selected chassis front panel.

Select a metal enclosuré large
enough to accommodate the two elec-
tronics boards, plus the power source.
The power source can either be a bat-
tery set in a plastic holder, or an ac line-
powered regulated 5-volt supply as
shown in Fig. 3.

The CLEAR pushbutton (S71) and TEST
pushbutton (S2) switches, along with the
range selector switch (83), power on/oft
switch, and the two five-way binding
posts (with BP1 being black and BP2
red) can be mounted on the front panel
along with the readout “window”. The
power line cord (if used) can exit via a
grommetted hole on the rear.

Calibration. The ranges are 10,000
pF, 1 wF, 100 pF, and 1000 wF all fuil
scale. For most purposes, 5% dipped
silver-mica capacitors may be used for
calibrating the two iower valued ranges,
and 10% capacitors will suffice for the
two higher ranges.

To calibrate a range, select a capaci-
tor whose nominal value is near the mid-
dle of that range. For example, use a
5000-pF unit for the10,000-pF range, and
connect this capacitor between BP1 and
BP2. Turn on the tester power and note
that the two displays illuminate. Depress
the CLEAR pushbutton and the two read-
outs should indicate “00". Keep the
TEST pushbutton depressed until the dis-
play comes to a rest, then adjust R5 for
the correct displayed value. The OVER
indicator comes on when the unknown
capacitor has a value that is larger than
that selected by S3, so use the next
higher range if this occurs.

An open capacitor will produce a “00”
indication, while a “leaky” capacitor will
indicate a much larger value than that
marked on its case and a shorted capa-
citor will cause the display to keep
counting without a reading even though
the range switch is correct. o
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HOWs&WHYs of D/A and A/D
CONVERTERS

BY ROBERT D. PASCOE

New devices and circuits reduce complexity and lower cost
in interfacing analog and digital signals.

HE DIFFERENT worlds of analog

and digital electronics must fre-
quently be interfaced. In the past, the
means for accomplishing this was ex-
tremely complex and quite expensive.
During the last few years, however, new
devices and circuits for interfacing the
two types of circuits have made it possi-
ble to reduce complexity and bring down
cost considerably.

There are essentially two types of cir-
cuits or devices that can be used to in-
terface analog and digital circuits. One is
for converting analog signais into digital
signals and is known as an analog-to-
digital (A/D) converter. The other con-
verts digital signals into analog signals
and is cailed a digital-to-analog (D/A)
converter. Here is how both types of cir-
cuits operate.

D/A and A/D. The diagram shown in
Fig. 1A illustrates a D/A converter. This

DIGITAL
VOLTAGE -
INPUT

ANALOG
VOLTAGE
QUTPUT

D/A
CONVERTER

[+]]

D2 DIGITAL

'VOLTAGE
D3| oUTPUT
D4

VOLTAGE A/0
INBUT CONVERTER

(B)

Fig. 1. Digital-to-analog (D/A)
and analog-to-digital (A/D)
converters are just opposites.
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circuit can accept a number of input
lines whose signal voltages are a com-
bination of 1's (high) and O's (low) and
transforms them into equivalent analog
voltages at the output. As an example, a
digital value of 1111 (15 in decimal)
might represent an analog output of 15
volts, while 0000 might represent 0 volt.
Any digital value between 0000 and
1111 can, hence, be used to generate
between 0 and 15 volts at the output in
1-volt steps. In this example, the resolu-
tion of our four-bit D/A converter would
be 1 volt.

The A/D converter shown in Fig. 1B
transforms an analog voltage to an
equivalent digital value. Using our four-
bit example from above, the A/D con-
verter would change a 15-volt input into
the digital value of 1111 (all highs on the
output lines), down to 0 volt with a digital
value of 0000 (all lows on the output
lines).

The two diagrams shown in Fig. 1 il-
lustrate the basic principles of operation
of the D/A and A/D converters. Now, let
us take a look at how this conversion is
actually accomplished.

D/A Converters. While there are a
number of ways by which D/A conver-
sion can be accomplished, we will limit
our discussion to only the two most pop-
ular. The first approach is illustrated by
the circuit in Fig. 2, where a resistor net-
work and op-amp voltage amplifier are
employed. In this circuit, the digital in-
puts are represented by switches S1

through S4. If a switch is open, a logic O
is generated; if it is closed, a logic 1 is
generated. Note that in this case, a 1is
the value of V, while a 0 is represented
by no voltage being applied (by the giv-
en switch) to the inverting (-) input of
the op amp.

If we assume a value of 500,000
ohms for R and 5 voits for V, the follow-
ing calculations can be made: 1) if S1 is
closed and S2, $3, and S4 are open, |;,
= 5 volts/500,000 ohms = 10 pnA and
—Vout (don't forget that the op amp is
operated as an inverter) = 10 pA X
100,000 ohms (the value of the feed-
back resistor, which is R/5 = 500,000
ohms/5 = 100,000 ohms) = —1 volt. 2)
If S4 is closed and S71, S2, and S3 are
open, I, = 5 volts/62,500 ohms

(500,000 ohms/8) = 80 pA and —Vy 4 =

80 pA x 100,000 ohms = —8 volts.
More than one switch can be closed at

any given time, of course. If S1 and S4

Fig. 2. This 4-bit D/A converter
uses a resistor network
and an op amp circuit.

53




|-———sinaRY LADDER —_—

MS8

were closed and S2 and S3 were open,
ln = 10 pA + 80 pA = 90 pA and Vout
=90 pA x 100,000 ohms = 9 volts.

Since there are four switches shown
in Fig. 2 and each switch can be either
open or closed, a total of 16 combina-
tions exist. With this setup, the switches
can be made to provide an output from
the op amp of from 0 to - 15 volts in 1-
volt steps.

Instead of using mechanical switches,
the input terminals, here the switch
sides of the resistors inthe network, can
be connected to the outputs of binary
bistable multivibrators or TTL decade
counters. In the case of the 7490 de-
cade counter, the A, B, C, and D outputs
replace S1 through 54, respectively.
Since the 7490 counts to 9 and then re-
sets to 0, the D/A converter circuit will
generate O to g volts at its output. The
logic-1 output of the 7490, or any other
logic element tied to the D/A converter's
input, may not be exactly 5 volts, which
means that the value of the feedback re-
sistor will have to be changed to com-
pensate for the lower input level to retain
the 0-to-9 volt output.

The advantage of the resistor-network
approach is that the network uses only
one resistor for each bit of information.
However, the digital bit that has the most
“weight” (S4) would have to supply
much more current than any of the other
switches. To illustrate, if a 10-bit D/A
converter were constructed, the most-
significant bit (MSB) would have to sup-
ply 1024 times more current than the
least-significant bit (LSB).

To sumpmarize, the weighted resistor
network is constructed with N number of
resistors whose values are R, R/2,
R/4 . . . R/2N, with each device con-
nected to the network “seeing” a differ-
ent resistance value. The LSB device
would supply a current of V/R, while the
MSB device would supply a current of
N(V/R). Each digital input, however, re-
quires only one resistor.

Another type of D/A converter, shown
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Fig. 3. Inthis D/A binary
ladder only two different
values of resistors are used.

Fig. 4. Using a 7490 TTL
decade counter to

replace mechanical switches
to get staircase output.

STAIRCASE
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B
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in Fig. 3, is commonly referred to as a
“binary resistance jadder.” In this con-
verter, each digital bit supplies the same
amount of current. it can be determined
mathematically that the resistance
“seen” by each digital bit is 3R. Hence,
each digital bit supplies the same mag-
nitude of current. The ladder is made up
of only two resistance values—A and
2R.

If the voltage output of the op amp in
Fig. 3 is the same as in Fig. 2, the vatue
of feedback resistor Ry must be selected
so that, in conjunction with the R and 2R
combinations, it causes the op amp to
have a gain of 24/5. Thus, it V were 5
volts, the combination of digital inputs
would produce the same output range
as in Fig. 2.

Switches S1 through S4 in Fig. 3 can
be replaced with solid-state devices, as
in the previous circuit. For example, if
the outputs of a 7490 were connected to
the inputs of the binary ladder and the
7490 were clocked, the circuit shown in
Fig. 4A would produce the ladder output
shown in Fig. 4B.

Two important terms used to describe
the behavior of a D/A converter are mo-
notonicity and linearity. Monotonicity is

simply a continuously increasing output
voltage for an increasing digital value up
to the maximum for the ladder or resistor
network. Linearity is the linear change in
output volitage for increasing values of
digital inputs. (The ladder steps should
be equal.)

To sum up, the binary ladder is con-
structed using only two different values
of resistance—R and 2R. Each device
connected to the inputs of the ladder
sgsees” a constant 3R value of re-
sistance. The Nth bit, or MSB, is re-
quired to supply the same level of cur-
rent as the LSB.

A/D Converters. Perhaps the most
common use of the A/D converter is in
digital multimeters, where an analog in-
put voltage must be converted to a digi-
tal signal to drive the circuits that ulti-
mately provide the numeric display.
There are many methods for making this
conversion, four of which will be dis-
cussed here.

A simple four-bit, 0-to-9-volt DMM
concept is illustrated in Fig. 5. The circuit
employs a binary ladder, four-bit decade
counter, decoder, seven-segment LED
numeric display, and an op amp as a
comparator. In the following discussion,
we will assume that the reset clock gen-
erates a short pulse every 20 ms, while
the clock generates a count pulse every
0.01 ms (10 ps). The bina ladder is

DECODER
ddo

¢ &%l

i
!

COUNT

Sus L——-——

19.9ms
DISPLAY
(8)

Fig. 5. At (A)1is simple
0-9-volt digital voltmeter
with its output waveform
shown below at (B).
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COUNT
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Flig. 6. The dual-slope converter

integrates in both directions.

An integrator (op amp with capacitor

in feedback) is used as input to op amp comparator.

similar to that shown in Fig. 3 so that the
output voltage from it is incremented by
1 volt for increasing digital vaiues with a
range of 0 to 9 volts.

Because the counter is clocked
through all 10 states in 100 ms, it can
count in a maximum time of 100 ps and
the analog value is displayed for 19.9
ms (20 ms — 0.1 ms). For this particular
circuit, the maximum time for conver-
sion, or the time the counter takes to
convert the maximum analog value and
display it, is 100 ps. The average time
for conversion is 100 ps/2 = 50 ps,
while the update, or display time, is
approximately 19.9 ms. This means that
every 19.9 ms, a new conversion oc-
curs.

In Fig. 5A, let us assume that an ana-
log potential of 5 volts is applied to the
noninverting (+) input of the op amp and
that a reset pulse has been generated.
At this instant, the output of the D/A con-
verter is O volt (see Fig. 5B). The output
from the op amp is maximum positive
(supply voltage) and is passed through
the forward-biased D1 diode to activate
the clock generator. The clock begins
operating and supplies count pulses to
the decade counter. The ABCD outputs
of the decade counter start “piling” up a
voltage in the binary iadder until at the
count of 0101 (5 decimal), the binary
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ladder potential to the inverting input of
the op amp very slightly exceeds, by a
few millivolts, that of the reference volt-
age on the noninverting input. At this in-
stant, the op amp slews very rapidly to a
maximum negative output and forces
the clock to stop working. The counter
remains at the 0101 count until a reset
pulse is generated, at which time, the
counter stops and the cycle repeats.
This process is illustrated in Fig. 5B. Be-
cause the display time is far longer than
the count time, the display on the read-
out does not flicker.

For the device shown in Fig. 5, itis im-
portant to understand that the accuracy
of the system is 10%, or 1 volt. This is
because the D/A ladder is a four-bit sys-
tem that has a least-significant value of
1 volt. For greater resolution and, hence,
greater accuracy, more bits can be add-
ed to the system. The greater the num-
ber of bits, therefore, the better the reso-
lution and the higher the accuracy.

As a point of interest, the Fig. 5 circuit
has a display for one fuil digit. it can be
converted to provide a three-digit dis-
play by “weighting” the outputs of a
number of counters. Then, the three full
digits would display values from 000 to
999.

The circuit shown in Fig. 6 is a dual-
slope converter. It employs an integrator

(an op amp with a capacitor in the feed-
back loop) as the input device to an op-
amp comparator. If we assume that the
analog input potential is 5 volts and that
the counter has just been reset, the out-
put of the circuit is at point 0 in Fig. 6B.

In this circuit, the decade counter has
1000 possible states. Electronic switch
S1 normally connects the input analog
voltage to the integrator, which starts to
charge the feedback capacitor in a linear
fashion until the decade counter has cy-
cled through its 1000 counts. At this in-
stant, the MSB changes froma9to a0,
causing S71 to change the integrator in-
put from the analog voltage being mea-
sured to a reference voltage, V. This is
time T1 in Fig. 6B.

The integrator now integrates the neg-
ative reference voltage until it reaches
0 voit. At this time, T2, the comparator
switches states and turns off the clock
via AND gate G1 to prevent any further
change in state in the decade counters.
The counter then remains at this particu-
lar count until the next reset pulse is
generated to start a new cycle. The total
conversion time is the sum of T1 and T2,
hence the reason for calling this system
“dual slope.”

The analog input voltage is Vi, =
(N/1000)V,ef, where N is the display
count. If N were 185 and V4 were 10
volts, Vi, = (185/1000) x 10 = 1.85
volts.

The great advantage of dual-slope
conversion is its simplicity. Needless to
say, dual-slope conversion is very popu-
lar in the design of many types of digital
multimeters.

The A/D converters discussed so far
must be clocked through their states,
which could possibly be 2N states,
where N is the number of bits. If a count-
er like that shown in Fig. 5 used 10 bits,
the total number of states would be 219,
or 1024. If the clock pulses occurred ev-
ery 1 ps, the maximum conversion time
would be 210 x 1 us, or approximately 1
ms. While 1 ms does not appear to be a
very long time, in some applications it
could prove excessive.

One method of reducing the conver-
sion time is to use a circuit called a
“successive approximation counter,”
the logic for which is shown in Fig. 7.
This system has a conversion time
equal to the clock-pulse time times the
number of bits. Using the example
above, the conversion time for this cir-
cuit would be 10 X 1 us = 10 ps. Com-
paring this to 1 ms, you can see that the
successive approximation counter's
conversion time is considerably shorter
than for other types of A/D converters.
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Fig. 7. Successive
approximation converter
uses bit-comparison
technique and is

faster than ladder.

Fig. 8. Simultaneous
A/D converter is fast
but requires several
comparators

and resistors.

In the Fig. 7 circuit, the analog voltage
at the input is transformed by the D/A
converter by comparing the input volt-
age to the voltage generated by the bi-
nary ladder at a rate of one bit at a time.
The MSB is compared first, followed by
each successively lower significant bit,
until the LSB is compared. As an exam-
ple, assume that a four-bit successive
approximation counter is used. The four
flip-flops (8,4,2,1) would be turned on
and off, starting with the MSB and end-
ing with the LSB. Now, let us assume a
5-volt analog input. The MSB is turned
on, which causes the output of the lad-
der to be 8 volts. Because 8 volts is
greater than 5 volts, this flip-flop tums
off. This starts the cycle.

The cycle continues with the next sig-
nificant bit's flip-flop being turned on.
Since this flip-flop generates a 4-volt
output, which is less than 5 volts, this
flip-flop remains on. The next lower bit,
2, is turned on, causing the output of the
ladder to be 6 volts (4 volts + 2 volts).
Because 6 volts is greater than 5 volts,
the 2 flip-flop is tumed off. Finally, the
LSB flip-flop, 1, turns on, making the lad-
der output 5 volts (4 volts + 1 voit).
Since the 5-volt output of the ladder is
the same as the 5-volt input to the sys-
tem, this last bit is left on. The output
states of the four flip-flops are 0101,
which represents 5 volts. Note here that
the converter used a comparison of only
four bits to convert the input voltage.

The circuitry for the successive
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approximation counter is more complex
than for other types of A/D converters.

Simultaneous A/D conversion, shown
in Fig. 8, falls into the “big-bang” school
because everything happens simultane-
ously. Note that this circuit uses a num-
ber of op-amp comparators with one in-
put of each comparator tied to decreas-
ing dc voltages on a resistor network.
The upper comparator here is refer-
enced to 9 volts and the resistors are se-
lected so that each comparator going
down the line is referenced 1 volt lower.
The outputs of all comparators are fed to
a decoder that drives a 0-to-9 display.

If the analog input is 5 volts, compara-
tors 1 through 5 would have a positive
output, while the other comparators
would have a 0 (or negative) output. The
decoder converts this combination of 1's
and O's as required to display on the
readout a numeral 5.

The disadvantage of using simultane-
ous A/D conversion is the large number
of comparators and the associated re-
sister network and decoder required.

In Conclusion. In this article, we have
discussed a number of methods com-
monly used to interface the analog and
digital worlds of electronics. Needless to
say, we have only scratched the surface
of A/D and D/A conversion techniques.
However, the circuits and systems we
have discussed should give you a basic
understanding of how A/D and D/A con-
verters in general work. <
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LIGHT GENIE

LADDIN was a lucky fellow. When

he wanted a job done, all he had to
do was rub his magic lamp and a genie
would do his bidding. With the “Light
Genie,” you can do almost the same
thing. You can use it to silence annoying
TV commercials or change your stereo
system from tuner to tape deck. In fact,

the Genie will control just about anything
that has a switch.

A smalt penlight will operate the Genie
at distances up to 12 feet (3.6 m), while
a regular flashlight extends the range to
greater than 30 ft (9.1 m). High ambient
room light will not interfere with the Ge-
nie's operation.

BY MAYNARD GRADEN

Handheld
photoelectric
system

 turns

electrical
equipment
on

or off.

SUIUD RS *LIGHT GENIE”

Circuit Operation. The schematic
diagram of the Genie is shown in Fig. 1.
A light shield is used to prevent random
ambient light from striking the photocell,
PC1. The latter provides base bias for
emitter follower Q7. Small, relatively
constant amounts of light only vary the
quiescent operating point of the circuit.

5 & »VCC VDD Ne
PCI R2 3SR4 33 ComM
ISI NO
0 1] 2 113
ar . l o5 -
IC) ice R3
RI 4 g Q2
12
L
Wl TI ——————>» VDD
DI D2
L 1c3 B—» vce
==
D3 D4 Icz I3
| 4
9 £
z c @ Ict,1C2
B VCC=PINI4
Ic3 Q1,Q2 CLLISLAL

Fig. 1. Circuit is activated to energize K1 when light beam strikes PC1 directly.

The following resistors are Y4-watt, 10%:

T1—6.3-volt,

PARTS LIST

Cl1—10-pF, 10-volt electrolytic capacitor
C2—500-pnF, 15-volt electrolytic capacitor
D1 through D5—IN4001 rectifier diode
F1—VYa-ampere fuse (see text)
IC1—74121 integrated circuit
1C2—7472 integrated circuit
IC3—1L.M309H 5-volt regulator IC
K1—6-volt dc relay with spdt contacts (Sigma
No. 65F1 A-6DC or similar—see text)
PC1—Clairex CL702L photoresistive cell
Q1,Q2—2N3704 transistor

R1—470 ohms

R2—39,000 ohms

R3—220 ohms

R4—1000 ohms

SW1—Spst toggle or slide switch

1.2-ampere transformer (see
text)

Misc.—Metal utility box; fuse holder; line
cord with plug; 9-pin shielded tube socket;
34" flat washers (2); matte black construc-
tion paper; tape; glue; hookup wire; solder;
machine hardware; etc.
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However, when a beam of light is direct-
ed at the Genie so that it falls directly on
the photocell, the resistance of PC1 rap-
idly decreases and sends Q1 into con-
duction.

Integrated circuit /C1 is a monostable
multivibrator. A time constant of 250 ms,
which prevents multiple triggering from a
slowly changing light source, is provided
by C1 and R2. The output from IC1 is a
clean square pulse that is used to clock
IC2. As flip-flop /IC2 toggles, transistor
Q2 is either driven into saturation or cut
off to energize or de-energize relay K1,
respectively.

The power supply is also shown in
Fig. 1. It provides power for the relay
and regulated 5 volts, through /C3, to
operate the logic.

Construction. To construct the light
shield, use a piece of 8" x 4” (20.3 X
10.1 cm) matte black construction pa-
per. Form a tube by rolling it around two
34" flat washers. Insert a washer inside
the paper tube at the halfway point and
perpendicular to the central axis. Drop in
a small amount of glue to secure it in
place. Use tape to hold the tube togeth-
er, as shown in Fig. 2.

Remove the Bakelite base from the
frame of a nine-pin shielded tube socket.
(The two pieces are usually held togeth-
er by small metal tabs that can be bent
to separate the two parts.) Using the
frame as a template, mark and drill
mounting holes on the front of the box.
Locate the center of the frame and drill a
third ¥4” (6.35 mm) hole at this point. At-
tach the frame to one end of the paper
tube. This will be the mounting bracket
for the light shieid.

Mount the photocell and two 12" (30.5
cm) lengths of wire on the tube base us-
ing two of the pins as tie points. Adjust
the photocell so that it is parallel to the
base of the tube. Complete the light
shield by cementing the photocell as-
sembly to the other end of the paper
tube.

The circuit can be assembled using
perforated board and point-to-point wir-
ing or a printed circuit board that can be
made using Fig. 3. In either case, the
board should be mounted vertically on
one side of the box so that ample space
remains for installing any additional
parts that may be required for various
switching applications.

Uses. The Light Genie can be used to
silence television commercials as
shown in Fig. 4. The value of RL should
be equal to the impedance and wattage
of the speaker. If there is enough room
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Fig. 2. Photo shows how to make light shield out of black construction paper.
Base from a 9-pin shielded tube sacket is used as a mounting bracket.
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Fig. 4. Connections toa TV set to
kill commercials. RL should be equal to
speaker in impedance and wattage.

Fig. 5. Using two chassis-mounted
ac receptacles to switch power.
Fuse shown 1is separate from the
one in Genie power supply.

TO AC LINE

inside the TV receiver, the entire circuit
can be placed inside the cabinet behind
a small hole that allows unobstructed
access to PC1 for the light beam. If the
Genie is to be an outboard unit, mount a
terminal block on the outside of the box
and use a length of three-conductor wire
to make the interconnections.

An application using two chassis-
mounted ac receptacles to switch power
is shown in Fig. 5. The relay specified in
the Parts List will handle a 1-ampere re-
sistive load. If a heavier load is to be
controlled, substitute a relay with a high-
er contact rating, or have the specified
relay drive a 117-volt ac relay with suffi-
ciently heavy contacts. The fuse is sepa-

rate from the power supply fuse and
should be equal to the current capacity
of the relay contacts.

It is possible to perform complex
switching functions by using one relay to
control several other relays as shown in
Fig. 6. Here, relay K1 is used to control
two other relays, which choose between
two components in a stereo system with
the same output level, impedance, and
required equalization characteristics.

The preceding examples begin to
demonstrate the versatility of the Light
Genie in two-state switching applica-
tions. Sequential switching functions
can just as easily be implemented using
stepping relays. o

- Q
Kl

Ao

Fig. 6. Performing complex switching functions
by using one relay to control several others.
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Learn Electronics
along with

MATHEMATICS

The Grantham Electronics -With -
Mathematics SERIES — in four vol-
umes, written in home-study-course
style — now available by mail order...

O Introductory Electricity With Mathe-
matics. Size, 7 x 10%4. 288 p ... $12.75

O Fundamental Properties of AC Circuits.
Size. 7 x 10%. 267 pages ...... $12.75

O Mathematics for Basic Circuit Analy-
sis. Size, 7 x 10%4. 352 pages ... $12.75

[ Basic Electronic Devices and Circuits.

Size, 7 x 10%. 378 pages...... $12.75
O All Four Volumes Listed Above.
(Save $6) ......... .ot $45.00

The boaks listed above were written by Donald J.
Grantham, whose 25 years of teaching—in print
and in the classroom—enable him to anticipate
questions in these subjects and thus answer them
in these books. 16 lessons and 16 multiple-choice
tests in each volume; many circuit diagrams with
detailed explanations; many sample problems
with step-by-step solutions; many practice prob-
lems with answers; easy-to-understand language,
in-depth explanations. Order from GSE Techni-
cal Book Company—address at bottom of page.

Prepare for Your

F.C.C.LICENSE

Donald J. Grantham has been an expert in
FCC license preparation since 1951 when he
began teaching students to pass FCC exams.
In 1952 he wrote an FCC license corres-
pondence course, which he continued to up-
date for many years. Now, he has put the
latest FCC-exam information in:

O Grantham’s FCC License Study Guide.
Size, 7 x 10%. 377 pages ...... $12.75

This not a Q & A book, not a correspondence
course, but simply an authoritativedown-to-earth
presentation of what you should know to pass
FCC license exams for 3rd, 2nd, and Ist class
radiotelephone licenses. Four information sec-
tions. 1465 FCC-type multiple-choice questions,
with more than 65,000 words “explaining” the
correct answers. Self-study presentation. Order
from GSE —address at bottom of page.

OTHER GSE BOOKS

O Improve Your Technical Communica-
tion (How to write technical reports,

manuals, proposals, articles, etc.).

Size, 7 x 10%4. 216 pages ....... $5.00
0 Geometry for Science and Technology.

Size, 7 x 10%4. 141 pages .......... $5.00
0 Modern Electronic Calculations.

Size, 7 x 10%4. 207 pages .......... $7.00

TO ORDER any of the books listed
above, check off the ones you want,
compute the total price, add only 75¢
(regardless of the number of books you
are ordering) for postage and handling,
and mail this ad with your name and
address and payment (no C.0.D.s) to:

GSE Technical Book Co.

(2000 Stoner Avenue)
P.0.Box 25992, Los Angeles, CA 90025
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C POWER supplies that use pass

transistors or IC regulators must be
capable of dissipating a great deal of
heat. This can add to the cost of the sup-
plies because of the need for large heat
sinks and/or cooling fans. In addition,
because the heat losses must be made
up for by the power transformer, the
transformer itself must have a fairly high
current rating. This also adds to the ex-
pense. You can minimize the heat loss
problem and reduce cost by using a
switching regulator in your power supply
designs.

The switching regulator acts as an
ideal lossless switch. It applies power to
the load only when necessary to prevent
the load voltage from falling below some
preset limit. Conventional power sup-
plies use the pass transistors or IC's to
absorb and dissipate the excess input

er heat 1085 and,

ation of the basic free-running switching
regulator circuit shown in Fig. 1 is fairly
simple. Transistor Q1 serves as the sat-
urated switch that connects the un-
regulated dc input voltage to the load
through inductor L1. The switching
causes the input end of L1 to instantly
assume the value of the input voltage,
but the voltage at the output end of L1
cannot change instantly because of the
presence of C1. Therefore, current flows
through L1 to charge C1 and to supply
the load.

When the potential on C1 builds up to
slightly greater than the level of refer-
ence voltage Vg, the error amplifier
shuts off Q1. The voltage at the input of
L1 now attempts to reverse polarity but
is prevented from doing so by D1. How-

ing regllla

tors can be
thereby, keep €

tude of the ripple is greatly affected by
the type of capacitor used for C1.

As a result of the heavy current
surges caused by the switching action of
Q1 in power supplies that deliver 1 or
more amperes to the load, noise voltage
spikes with frequency components in
the multi-megahertz range can be gen-
erated by the regulator. With proper con-
struction precautions, however, the am-
plitude of this noise can be held down to
the levels of the switching frequency’s
ripple.

Regulator efficiencies of up to 85% or
90% can be realized with load regulation
of 1% and line regulation of 0.2%. The
switching frequency should be just

used in power
osts down:

power when the load voltage rises
above some preset limit.

Operating as a saturated transistor
switch, the switching regulator dissi-
pates only the power lost during each
switching cycle, plus the loss due to the
residual collector-to-emitter saturation
voltage of the switching transistor in the
on condition. Depending on the output
power demands of the power supply, the
low level of these losses eliminates the
need for fans, minimizes the size of the
heat sink required, and cuts down on the
size as well as the weight of the power
transformer.

Basic Circuit Operation. The oper-
60

ever, the energy stored in L1 causes a
decreasing current to continue to flow in
L1 through D1 toward C1 and the load.

When the current falls to the point
where C1 is no longer receiving current,
the voltage across the capacitor and
load begins to decrease. When it falls
slightly below Vg, the error amplifier
turns on Q1 to repeat the cycle. Resistor
R2 feeds back a small portion of the in-
put voltage when Q1 is conducting toin-
sure positive switching action by the er-
ror amplifier.

The output ripple voltage at the
switching frequency, represented by the
rising and falling voltage across C1 and
the load, is typically about 0.3% rms with
the input and output voltages normally
used in solid-state circuits. The ampli-

above the audible range to prevent the
regulator from “singing” without intro-
ducing unnecessary inductor and
capacitor losses.

Circuit Description. A more detailed
circuit of the switching regulator is
shown in Fig. 2. The error amplifier is a
standard 723 regulator IC. It is conven-
ient to use because it has an internal ref-
erence source and an output power
stage. Its frequency response is more
than adequate for the switching frequen-
cies required.

The voltage divider made up of R1
and R2 is selected to produce a poten-
tial equal to the desired output voltage,
keeping in mind the reference current
source capabilities of the 723 of 15 mA
and the reference potential of 7.15 V.

The basic equation for determining

POPULAR ELECTRONICS
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GND

Fig. 1. Basic free-running switching regulator circuit.
When ouptut is too high, error amplifier cuts off Q1.

the values of C1 and L1 in the Fig. 2 cir-
cuitis

Vo(Vin — Vo)
8f2Vin(Vor — VFB)

CiL1 = x 108

Presented in this form, this equation em-
phasizes the relationship between C1
and L1 and the tradeoff possibilities of
the values of these components. The
value of L1, for example, can be de-
creased simply by increasing the value
of C1.

In the above equation, L7 is in milli-
henries, C1 is in microfarads, f is in
hertz, and all potentials are in volts. The
unregulated dc input voltage to the regu-
lator is represented by Vi, while Vg is
the regulated output voltage. For best
operation, Vi should be three to five
times V. The f in the equation is the
switching frequency, which should be
about 20,000 Hz. The tolerable peak-to-
peak output ripple voltage, usually be-
tween 50 and 75 mV, is represented by
Vor, while Vg is the fraction of the in-
put voltage (neglecting the Vce sat of
switching transistor Q1) this is fed back
to the error amplifier. With R4 much
greater in value than R3, Veg = (Vin
R3)/R4. Resistor R3's value should be
about 1000 ohms so that with R4's value
set at 1 megohm, Vgg is kept smali with
respect to VoRg.

With a value on the order of 51 ohms,
R5 limits the base drive current to Q2
through IC1. In the event of a short cir-
cuit at the output of the regulator, RS
also prevents damage to IC1, Q1, and
Q2. Resistors R6 and R7 are included in
the circuit to insure fast turn-off of Q1
and Q2. The value of R6 should be
about 100 ohms, while the value of R7
should be several thousand ohms. Ca-
pacitor C3 provides a bypass to ground
for voltage divider R3-R4.

As an exercise in using the equation,
let us determine the value of L1 that will

64

be required for a regulator whose output
is 5 volts at 2 amperes. Assume that the
unregulated V) is 24 volts, that at this
voltage the average current capability is
0.5 ampere, and that an output ripple
voltage, Vo, of 50 mV peak-to-peak
can be tolerated.

Assuming switching frequency f is to
be 20,000 Hz, we have all the informa-
tion needed in the basic equation except
the feedback voitage, which can be cal-
culated as follows: Vgg = (24 X
1000)/108 = 0.024 volts, or 24 mV. Now
let us also assume that the value of C1
is 250 wF. Plugging these vaiues into
the basic equation, we calculate the val-
ueof L1 tobe 0.19 mH.

The Magnetics Components Division
of Spang Industries, Inc., Butler, PA
16001, offers a line of molypermalloy
powder cores for winding inductors and
an excellent catalog and applications

manual (No. MPP-303S). Using the
Core Selector Chart in the manual, we
would choose a core with a 1.06" (26.92-
mm) outer diameter, 0.58" (14.73-mm)
inner diameter, and permeability of 125.
Calculations detaited in the manual indi-
cate that 37 turns of 18-gauge wire will
have to be wound on this core to handle
the 2-ampere output current from the
regulator. ]

It is interesting to compare the perfor-
mance of the switching regulator to a
conventional regulator that uses pass
transistors to produce a 5-volt, 2-
ampere output when the unregulated
source is 24 volts. The pass transistor
must drop the potential from 24 to 5 volts
at 2 amperes, generating a heat loss of
an equivalent 38 watts. The switching
regulator, on the other hand, accom-
plishes the same thing with a heat loss
of only 2 watts.

Selecting Components. When the
output current of the regulator circuit is
to be 1 or more amperes, the size of the
wire used for the windings of L 1 must be
quite large, as illustrated in the above
example. Therefore, L1 should have as
small an inductance value as possible to
save size, weight, cost, and winding
time. If you do not wish to wind your own
inductors, you can use an appropriate
ET Series high-current inductor suitable
for operation at switching frequencies
made by Triad-Utrad Division of Litton
Industries, 305 N. Briant St., Huntington,
IN 46750.

The selection of output capacitor C1 is
extremely important in minimizing the
output ripple. Usually an aluminum eiec-

e
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Fig. 2. Schematic diagram for a more sophisticated
switching regulator using a 723 IC as the error amplifier.
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trolytic, this capacitor must have low
stray inductance for optimum perfor-
mance. Good results have been ob-
tained using the Type BR “Blue Beaver”
electrolytic capacitors made by Cornell-
Dubilier. The company also offers a line
of four-terminal electrolytics made spe-
cifically for switching regulator applica-
tions. Sprague Electric offers a similar
line of capacitors.

Capacitor C2 helps to minimize ripple
and noise in the output voltage. Use a
ceramic disc capacitor here.

For best efficiency, D1 should be a
fast switching silicon power diode with a
rating in excess of the expected max-
imum load current. Not all silicon diodes
fill the bill in this application. A line of di-
odes for use in switching regulators is
made by Semtech Corp., 625 Mitchell
Rd., Newbury Park, CA 91320.

Transistor Q1 conducts the load cur-
rent as pulses of a peak value equal to
the output current. The losses that occur
during switching because of the finite
time taken by Q1 to go from full cutoff to
full saturation and vice-versa contribute
significantly to the total power loss and
cause the transistor to heat up. For this
reason, Q1 must be a fast silicon power
switching transistor with an fy of at least
4 MHz. Similarly, Q2 should have a 4-
MHz or greater fy, but since it only drives
the base of Q1, its current rating need
be only 10% of that of Q1.

Proper Construction. In all but low-
power supplies, Q1 should be mounted
with mica insulators on the metal chas-
sis of the supply or to the chassis via a
heat sink assembly.

The ground system of the power sup-
ply is perhaps the most important con-
struction detail involved in minimizing
switching noise. Ideally, a single-point
ground system should be used, and par-
ticular attention should be given to using
short leads to connect the unregulated
input supply to the input of the voltage
regulator circuit and the single-point
ground. The chassis of the power supply
should be connected to the regulator at
only this point. The network made up of
C1, C2, D1, and L1 should be connected
as physically close together as possible.
The amount of care taken in building a
power supply with a switching regulator
will pay off in better operation and the
less likelihood to generate noise. O

Note: Diagrams courtesy Fairchild Semiconduc-
tor Components group, which assumes no re-
sponsibility for circuits described other than en-
tirely embodied in a Fairchild product. No other
circuit patent licenses are implied.
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If your cartridge is

more than three years old,
don’t replace your

stylus!

Don't get us wromg. There is nothing worse
than olaying yau- records with a worn stylus.
And no better wey to restore your old unif to its
origiral glory than a new diamond.

Bu: frankly, there have deen significant s¥ides
made recently in the pfono cartricgs field.
And the new cartridges of today stand head
and shoulders atove ewven the finest of a few
short years age.

He-e's the chcice: Get “‘resh—but dutdated—
perforrance with a replacement stylus, or enjoy
all the zenefits of modern cartridge research
and cewvelopman- for just a few dollars mare.
You'll find that you can update your system

for fa- less than you micht imagine. it’s probably
the mos* dramatic single improveme:nt you can
make.

Sor irstance, Aucio-Technica offe's Universal™
cartridces ecu oped with a genuin2 Shibata
sty us and ouruniquely effective Dual Magnet™
system begirn n¢ at just $75.00 list. Or you can
-eplace your pr2sent ca-tridge withra fresh new
Audic-Techrica cartridge with hignly-polished
zsllintical tip fo- as little as $45.00 | s:.

AT11E AT-2Sa AT13Ea AT1ESa
$45.00 $75.00 $65.00 $125 00

Are these new madels worth the d fference?
Absolutely. You'll be amazed at wkat you hear
from socay’s generation of phono cartridgss.
Improved frequar.cy resaoonse. Lower distartion.
Be-ter szparation. Less ~ecord wear. Truly
befter sound.

A new Audlo-Technica cartridge.
Your best value in hi-fl.

idio-technica.
ON o P‘R.EClQTQIlp INTEGRITY

x5

AUDIO-TECHNICA U.S,, INC., Dept. 47P, 33 Shlawassee Avenue, Fairlawn, Ohio 44313

Available in Canada from Superior Electronics, Inc¢.
CIRCLE NO. 8 ON FFEE INFORMAYION CARD
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Solid State

BETTER THAN MOS

OMPARED to bipolar types, metal-oxide semiconductor

(MOS) devices offer the advantages of low power re-
quirements, high input impedances, high gain, and compara-
tive ease of manufacture, but these advantages are offset for
many applications by a limited power capability and a suscep-
tibility to damage from voltage transients and momentary
overloads. Bipolar devices, on the other hand, while offering
higher voltage and current handling capabilities and greater
resistance to damage from transients and overloads, also
have relatively low input impedances. The “ideal” design, in
the opinion of many engineers, would be one combining the
capabilities of both bipolar and MOS technologies in a single
device . . . and that is exactly what RCA’s Solid State Divi-
sion (Box 3200, Somerville, NJ 08876) has done in its
CA3140 family of operational amplifiers. Dubbed BiMOS (for
Bipolar—MOS) devices, these monolithic silicon op amps fea-
ture the high impedances and low input current requirements
of a MOS/FET input stage with the high voltage capabilities
and ruggedness of a bipolar output amplifier.

Suitable for use in sample-and-hold amplifiers, power sup-
plies, function generators, tone controls, portable instruments,
intrusion alarm systems, peak detectors, active filters, photo-
control amplifiers, timers, multivibrators, and other familiar op
amp circuits, as well as TTL interface applications, the

INPUT STAGE

By Lou Garner

CA3140 family comprises six devices supplied in two series,
with three versions in each. All six devices are furnished in
standard TO-5 metal cases. Identified by a “T" suffix, one se-
ries offers the devices with 8 leads arranged in a familiar cir-
cular pattern, while the second series, identified by an “S"” suf-
fix, has ieads preformed in a dual-inline (DIP) configuration.

Except for the lower input offset voltage characteristics of
the “A” and “B” version, all members of the CA3140 family
have similar maximum ratings and electrical characteristics.
The CA3140 and CA3140A have a maximum dc supply volt-
age rating of 36 V, the CA31408B of 44 V. With a 5-volt dc
source, the CA3140 has a typical input offset voltage require-
ment of 5 mV; the CA3140A, 2 mV; and the CA31408, 0.8
mV. All of the devices have a maximum power dissipation rat-
ing of 630 mW at temperatures up to 55°C without a heat sink,
or up to 1 W at the same temperature with a suitable heat
sink. In typical applications, all versions offer an input re-
sistance of 1.5 x 10 megohms, a slew rate of 9 V/us, a gain-
bandwidth product of 4.5 MHz, a CMRR of about 90 dB, large
signal voitage gains of up to 100k (100 dB), and the capability
of operating from either single-ended or dual power supplies.
Characterized for both £15-V and 5-V TTL system operation,
the CA3140 family will operate effectively on dc sources as
lowas4V.
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Fig. 1. The equivalent schematic diagram for RCA’s BiMos operational
amplifier is shown at (A); functional block diagram (B); and basing diagram (C).
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