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NOW you can train at home building

rs
DIAGONAL

a NEW 2

Solid State Color TV

engineered by NRI for learning and

trouble-shooting

Handsome woodgrain cabinet,
at no extra rost.
(Offered only by NRI)

New square-cornered
Sylvania picture tube

100% solid
state chassis

So much better for learning TV
servicing than any hobby kit,
because NRI designed and
created it as an educational tool.

Unlike hobby kits which are designed for creating

a TV set as the end product. NRI built its exclusive
25" Diagonal Solid State Color TV kit as a real training
kit. You can introduce and correct defects . . . for
trouble-shooting and hands-on experience in

circuitry and servicing. The kits include a wide-

band oscilloscope, color bar crosshatch generator,
transistorized volt-ohmmeter and other valuable
equipment that can soon have you earning $5 to $7

an hour servicing color sets in your spare time,

YOU GET MORE
FOR YOUR MONEY FROM NRI

Modular
construction
with plug-in

circuit boards

Automatic
degaussing

Aqtomatic fine tuning

Automatic
tint control

Automatic
color control



NRI FIRSTS make learning Electronics fast and

F'RST to give you a complete programmable digital computer,
with memory, you build yourself ...to learn organization, opera-
tion, trouble-shooting and programming. This remarkable com-
puter is one of ten training kits you receive with the new NRI
Complete Computer Electronics Course.

FIRST to give you true-to-life experiences as a Communica-
tions Technician. Every fascinating step you take in NRI Commu-
nications training, including circuit analysis of your own 15-watt,
phone/cw transmitter, is engineered to help you prove theory and
Iater apply it on the job. Studio equipment operation and trouble
shooting become a matter of easily remembered logic.

l Efl1ph

[FIRST to give you completely specialized training kits engi-
neered for business, industrial and military Electronics Technol-
ogy. Shown is your own training center in solid-state motor control
and analog computer servo-mechanisms. Telemetering circuits,
solid-state multivibrators and the latest types of integrated circuits
are included in your course.

SEPTEMBER 1973

riceless confidence

The NRI color TV and digital computer kits are the
latest in a long line of “firsts” for NRI. For more
than fifty years, NRI has been providing unique 3-
dimensional home-study training that has helped
hundreds of thousands of students reach their goals
quickly and easily.

What NRI provides is a combination of kits and
bite-size texts that give you hands-on experience
while you are learning. The texts average only 40
pages each, and they are fully illustrated. You are
taken step-by-step from the first stages into the more
advanced theory and techniques . .. with an expert
instructor ready at all times to provide valuable
guidance and personal attention. (The level of per-
sonal attention provided is more than you would
receive in many classrooms.) Once you’ve grasped
the fundamentals, you move with confidence and
enthusiasm into new discoveries in the fascinating
world of electronics.

You start out with NRI’s exclusive Achievement
Kit, containing everything you need to get moving
fast. Lessons have been specifically written so that
experiments build upon one another like stepping
stones. You can perform a hundred experiments,
build hundreds of circuits . . . as you learn to use the
professional test equipment provided, building ra-
dios and TV sets, transmitter or computer circuits.
It’s the priceless “third dimension” in NRI training
... practical experience.

Train with the leader—NRI

Compare training kits, texts, techniques and overall
training . . . and you’ll find that you get more for
your money from NRI. Whatever your reason for
wanting more knowledge of Electronics, NRI has an
instruction plan that will meet your needs. Choose
from major programs in Advanced Color TV Servic-
ing, Complete Computer Electronics, Industrial
Electronics and the other special courses designed
to meet specific needs. With NRI home training, you
can learn new skills while you’re still working at
your present job . .. and turn yourself into the man
in demand.

GET FACTS ABOUT GI BILL

If you have served since January 31, 1955, or are in service
now, check GI line on postage-free card.

Send for free NRI catalog

MAIL THE POSTAGE-FREE CARD FOR THE
FREE NRI CATALOG IN THE FIELD OF YOUR
CHOICE. YOU WILL BE UNDER NO OBLIGA-
TION. NO SALESMAN WILL CALL.

If the card has been used, write direct to:

NRI TRAINING

3939 Wisconsin Ave.
Washington, D.C. 20016
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By Milton S. Snitzer, Editor

IC’S AND THE HOBBYIST

Remember when we thought a circuit containing 3, 4 or 5 transistors
was complex and daring? Prices for a single transistor were high and
we considered the device primarily as a substitute for vacuum tubes
—in circuits reflecting vacuum-tube thinking.

What a difference a few years can make!

Integrated circuits came on the scene and their advantages were
quickly recognized. A natural evolution produced new and improved
devices; prices dropped. RTL IC's gave way to TTL IC’s. Ciose on
the latter’s heels, linear IC's emerged; and one in particular, the
op amp, proved to be a near-universal device. Now, such marvelous
linears as phase-locked loops, power supply regulators and other
circuits have appeared at very low cost, enabling the experimenter
to work with circuitry he never dreamed he could.

Proceeding one more step, we now have what is called MOS technology.
Here, complexity has increased to where circuits for a complete
digitai caiculator or digital clock can be deposited on a single
chip. Despite the complexity of this IC, which may contain several
thousand transistors, it makes construction of a project infinitely
simpler than with discrete transistor circuits. After all, we need
oniy be concerned with inputs and outputs, which has changed design
from a one-stage-at-a-time approach to a systems concept using "‘black
boxes' as the basic components. And serious projects can now be
designed and built that are far superior to the best commercial
equipment available only a few years ago.

As more and more of these sophisticated devices were used, component
cost dropped. For example, EIA data reveals that the average unit value
of total IC factory sales dropped from $2.33 in 1968 to $1.03 in
1972 (it was $18.50 in 1964)! Unit sales of digital IC's rose
from 298 million in 1971 to 481 million in 1972; linears went from
the 65-miilion level in 1971 to 123 million in 1972; MOS jumped from
12.9-million units in 1971 to 26.4 million in 1972.

It's clear that integrated circuits have, indeed, contributed
greatly to the enjoyment of our exciting electronics hobby. They
make it possible for us to offer you practical, interesting projects
that are more fulfilling than ever before.

POPULAR ELECTRONICS Including Electronics World




Get the whole kit and
caboodle from RCA.
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Now available from RCA
...a wide variety of solid-
state components in conven-
ient kit form to build inter-
esting and useful projects.

And you can further ex-
pand your solid-state experi-
ence with RCA’s popular
hobby and experimenter’s
manuals. For example, the
368-page  RCA Solid-State
Hobby Circuits Manual (HM-
91) has over 60 interesting
circuits you can build.

See your RCA Distributor
to buy the RCA Kits and
Manuals of your choice.

RCA
Electronic Components
Harrisen, N.J. 07029,

Electronic
Components

RCA IC Project Kits, Experimenter Kits, and Devices
Type Description Type Description
KC4000 1.C. Microphone Pre-Amplifier Kit KD2100 Silicon Control Rectifier Assembly
KC4001 1.C. Two-Channel Mixer Kit KD2105 SCR Experimenter Kit
KC4002 {.C. Audio Osciliator Kit KD2106 Add on Light Senscr Kit
KC4003 1.C. Power Amplifier and Oscillator Kit KD2110 Add on Heat Sensor Kit
KC4004 1.C. Reguiated Puwer Supply Kit KD2117 1.C. Experimenter Package
KC4005 1.C. Intruder Alarm Kit Basic Kit Contains: 2-KD2114;
KC4006 1.C. Fire Alarm Kit 1-KD2115, 2-KD2116
KC4007A [ 1.C. Converter Kit: 118-136MHz KD02118 NPN Sllicon Variety Pack (5 Units)
Aircraft Band KD2120 PNP Silicon Variety Pack (5 Units)
KC4008A | 1.C. Converter Krt: 134-150MHz KD2123 PNP Germanium Variety Pack
Ham, Governmeit, Space Jesearch (5 Units)
Band KD2124 NPN Germanium Variety Pack
KC4003A | 1.C. Converter Kit: 148-164MHz {5 Units)
Maritime Mobile, Police, Fire Band KD2131 70-Watt IC Power Nodule
KC4010A 1.C. Converter Kit: 160-174MHz 3N128DP | MOS/FET Device in Display
Police, Fire Band (Blister) Pack
Kc4011 Digital/Readout IC Kit 40214DP 18 Amp. % in. Stud Silicon
KC4a012 Qigital/Counter IC Kit Rectifier Device in Display
KC4500 Kit Enclosure for use with KC4000, (Bhister) Pack
KC4001, KC40Q2, includes Input
& Output Jacks, On-Off Switch and
Hardware
CIRCLE NO. 26 ON READER SERVICE CARD



If You Work In Electronics:
Earn Your Electronics

DEGREE
by studying
at home.

Your technical experience can be
a valuable asset in advancing
your electronics career to the

engineering level. By adding |
college-level home training |
and a college degree to your
experience, you can move

up to greater opportunities.

GRANTHAM

School of Engineering

1505 N. Western Avenue
Hollywood, CA 90027

is a college-level insti-
tution, specializing in
teaching electronics and
supporting subjects, main- g
ly by correspondence. Grantham
can prepare you to take advan-
tage of advancement opportunities.

Grantham offers a correspondence program
leading tothe A.S.E.T.degree. After earning this
degree, you may continue with additional corre-
spondence plus a one-week residential seminar
and certain transfer credits, to earn the B.S.E.T.
degree. Then, the B.S.E.E. degree is available
through further residential attendance.

The School was established in 1951 and is au-
thorized under the laws of the State of California
to grant academic degrees. G.I. Bill approved.

Mail the coupon below for free bulletin.
f————e =
Grantham School of Engineering PE-9-73
1505 N. Western Ave., Hollywood, CA 90027
I have been in electronics for. years. Please

mail me your free bulletin which gives details con-
cerning your electronics degree programs.

Name Age
Address
City State Zip

CIRCLE NO. 14 ON READER SERVICE CARD.
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MODIFIED GENERAL-PURPOSE ALARM

The article “Build A General-Purpose
Alarm” (Sept. 1972) was just what I needed.
However, not having the relay specified on
hand, I decided to modify the circuit. The sche-

C—

o2

matic diagram shows the result of my modifi-
cation. I eliminated a couple of components
and juggled the valnes of a few more to accom-
modate the UJT I used.
ULRICH KREIDLER
Spring Lake, N.C.

A good solution to your problem. Thanks for
passing your idea on to us and those readers
who want to avoid using a relay.

HAZARDOUS FLASHLIGHT

I sincerely hope that the hazards of the re-
chargeable flashlight (April 1973) are evident
to everyone and that no one would build it as
indicated, with JI and J2 being identical. If P1
were inadvertently plugged into J2, 117 volts
ac would be applied to the batteries, which
might then explode. Worse yet, if the flashlight
body is made of metal, it might be placed at
full line potential. Other problems concerned
with an identical plug/jack arrangement also
come to light. T suggest that different types
of plug/jack setups be used for each circuit to
eliminate the possibility of an incorrect hook-
up.

I would also like to point out that an even
less excusable error in design exists in the
project: A plug (P1) is used to deliver 117

POPULAR ELECTRONICS Including Electronics World




volts ac to the flashlight. With this setup, if PI
were to be unplugged while the other end of
the line remained plugged into the ac outlet,
two live prongs would be hazardously exposed.
I consider this irsesponsibility on the part of
PoruLar Erectronics to allow such a design
to be published. The plug should be on the
flashlight for safety purposes.
JosEpH M. NEWCOMER
Pittsburgh, Pa.

Consider us properly reprimanded. You are.
of course, correct on both accounts. Those
plug/jack arrangements should definitely be
different for each circuit—and reversed to
maintain a modicum of safety. And you are
also correct, as you point out elsewhere in your
letter, that P2 (or ]2 if rewiring is done prop-
erly) should never be left plugged into the
flashlight during the recharge cycle.

WHY SHOULD 1 BUILD IT?

After stimulatirg my interest with the title
“Unique Digital Clock” (May 1973) and sub-
title “Tells Time and Teaches Binary Arith-
metic,” the articke leaves me high and dry.
What does the finished project look like? More
important, how does it teach binary arithmetic?
The final question is: Why should I build it?

EucenE A. WiLLE, KHBEVX/WOERKU
Honolulu, Hawaii

In order to gel the entire story into the al-
lotted space. we had to compromise and leave
out the drawing (shown here) in favor of using
the mere important schematic diagram and PC
drawings. With reference to your second ques-
tion, the clock’s readout system consists of a
series of LED’s, each of which is legended with
its appropriate decimal equivalent. The on/off
states of the LED's indicate the time in a bi-
nary format. So, by adding up the decimal no-

-

|_L—SECONDS PULSER

i

tations near each lighted LED, the time can
be read in concentional notation—and youw're
learning binary arithmetic. to hoot. The SEC-
ONDS PULSER LED simply pulses on and
off ta tick off the seconds and facilitate accu-
rate time setting.

o Daily frustrations make

c’ a person want to get away

8 / 0 from it all. And, the UTAH MP-3000
| 6‘)\ Speaker will take you there better, faster
than any comparable unit. With the MP-3000,

J you know you are in Tahiti, Paris or even Kentucky.

Your day becomes more pleasant, too, as the
MP-3000 conquers the sound barriers.

MP-3000 combines the rare attribut®s of sound and
styling. Clean, undistorted sound comes from this
4-speaker, 3-way speaker system. The oiled and
hand-rubbed walnut veneer cabinets, and unique
grille of sculptured foam are both acoustically and
geometrically beautiful. The system contains a 15"
high compliance woofer with a 2” voice coil, as well
as two horn-loaded-dome-tweeters. It's a distin-
guished combination of well-defined, distortion-free
sound reproduction. Size: 27" x 20¥2" x 14" deep, ex-
cluding base. Shipping weight: 70#.

Come travel with us. Get complete information about
the exciting MP-3000 Speaker System.

] UTAH ELECTRONICS
| Huntington, Ind. 46750
CIRCLE NO. 37 ON READER SERVICE CARD
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Stereo Scene ,

~

LAST SPRING, near the end of the local

concert season, I had an opportunity to
compare a borrowed pair of Sony C-500
condenser microphones—among the best
mikes money can buy—with my own, not-
too-imperfect Sony C-37 condensers. Both
are professional mikes priced respectively at
around $500 and $400 each (without power
supply}; and their specifications indicated
that there should be a small but audible dif-
ference between them. The comparisons
were made using my Revox A-77 tape re-
corder and (merely for laughs) a $150 cas-
sette recorder that I had just overhauled for
a friend.

I won't pretend that the resulting cassette
and open-reel tapes were comparable. What
surprised me, however, was that, even from
the cassette, the more expensive mikes
sounded smoother than the “cheaper” ones.
Not conspicuously so—both are excellent
mikes—but just enough so that there was
no mistaking which were on at any given
time.

Now if you think I'm going to try to per-
suade vou to buy over $1000 worth of mikes
to feed a $150 recorder, youre wrong. If
you were that critical of your recordings,
you'd own a top-notch, open-reel tape
machine. What I am saying is that, given a
recorder of above average quality, the bet-
ter the mikes, the better the sound. You
can’t justify skimping on mikes with the
excuse that you won't hear any improve-
ment if you pay more than such-and-so dol-
lars for them. You will. But if money means
anything to you, you’re probably going to

How to Pick
a Mike

By J. Gordon Holt

have to set your sights lower than the pin-
nacle of perfection and exercise a modicum
of judgement in choosing your mikes. The
following is offered in the hope of making
the job easier.

If this is to be your first microphone pur-
chase, you are probably in the market for a
pair of mikes for stereo recording. This
means you must think in terms of twice the
per-mike prices I'll be quoting subsequently,
for a stereo pair must be identical for best
results. This doesn’t mean you must buy
them at once of course; but if you do go
one at a time, make sure any accessory
items (like power supplies for condenser
mikes) are purchased in the stereo models
so they can be used with the second mike
when you get around to acquiring it.
Special-purpose mikes (for solo highlighting,
for instance), will be purchased singly as
needed, and these need not be (in fact,
should not be) identical to your main pair.

Transducer Types. Although as a user
your are more interested in a mike’s per-
formance than in how it converts sounds
into electrical signals, we can make some
valid generalizations about the performance
capabilities of each transducer type. Ce-
ramic mikes are generally of poor quality
and, since they are inherently high-imped-
ance devices, are not usable anyway with the
low-impedance mike inputs of solid-state re-
cordings.

Moving-coil (dynamic) types range from
cheap and dirty (810} to expensive and ex-
cellent, with a top price of around $200.
More money than that will buy you extra
features like adjustable frequency response
or extreme directionality (for spotlighting
from a distance), but not extra audio qual-
ity.

Ribbon mikes range from modestly
priced ($45) and quite good to expensive
(8200) and sometimes a bit better than the

POPULAR ELECTRONICS Including Electronics World
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best dynamics. A ribbon can be made lighter
than a coil and thus can have better tran-
sient response, but its very lightness tends
to make some ribbon mikes fragile and sus-
ceptible to damage from wind (or close
breaths). That this can be overcome is
proved by at least one manufacturer (Beyer
Dynamic), who is making ribbon mikes of
very high quality that are as rugged as dy-
namics. So fragility is not necessarily a rib-
bon shortcoming, any longer.

The class of condenser mikes includes
some of the best performers available (their
diaphragms can be even lighter than rib-
bons) and also some mediocre ones. As a
group, all are characterized by outstanding
detail or “snap.” But, whereas the $400-
and-up professional types (whose elements
must be kept charged by a power supply)
are generally extraordinarily good, the
$100 (and under) electret types, with per-
manently charged capacitor, have neither
the smoothness nor frequency range of
the very best ribbons or dynamics.

Oddly, there are only two condenser mikes
(to my knowledge) in the wide price range
from $100 to $400, and both are made by
PML (through Ercona Corp.). The DC-20
and DC-21 are, respectively, omnidirectional
and cardioid versions of the same mike; and
a DC-21 plus stereo power supply costs
$200. With two DC-21’s, the cost is $350,
which is a far cry from $400 per mike. In
performance, the PML’s have much more in
common with professional condensers than
with the electret types.

Impedance. Although not as critical as
loudspeaker amplifier matching, a mike’s
impedance range should suit the load im-
pedance provided by the recorder’s mike in-
puts. Solid-state recorders call for the use
of low-impedance mikes, which means any-
thing between 150 and 600 ohms. If pos-
sible, try to get a mike rated between 250
and 300 ohms impedance.

Tube-type recorders usually require a
high-impedance mike, on the order of 10,-
000 ohms or more; but there are so many
advantages to low-impedance interconnec-
tion (lower hum, greater permissible cable
length) that it is best to buy low-Z mikes
and use impedance-matching transformers
at the recorder’s inputs.

Output. Most currently available mikes
produce roughly the same amount of audio
signal voltage for a given sound level, and

12

most mike preamps are designed to handle
optimally the kind of voltages a typical mike
will deliver under typical conditions. The
latter are considered to range from a speak-
ing voice at a mike distance of 3 feet to a
full chorus aud orchestra at 10 feet. If you
don’t expect to use a mike closer than a few
feet from a loud sound source or more
than, say, six feet from a quiet sound (like
normal speech), you need not be concerned
about a mike’s output. If you anticipate a-
typical conditions, be concerned.

The subject of output ratings is complex
enough to warrant a separate article, which
we will write at some future time. Suffice
it to say here that a typical mike will be
rated at around —56 dB relative to 1 mW/10
wbar, —75 dB relative to 1 V/pbar, or —150
dB EIA G,. Any mike rated 5 dB or more
above or below those figures may give you
trouble, depending on the direction of the
difference and your proposed use. Excessive
mike output is easily remedied by adding an
attenuator (available from Shure, E-V, and
others) but inadequate output is not curable
without replacing either the mike or the
preamp.

Directivity. The sensitivity of some micro-
phones is affected by the direction from
which sounds reach them. Some are most
sensitive to frontal sounds and least so at
the rear (unidirectional or cardioid). Some
are equally sensitive at front and rear (bi-
directional or figure-8), and some are
equally sensitive to sounds coming from all
directions (nondirectional or omnidirec-

@(

Fig. 1. Microphone directional char-
acteristics: (from left) cardioid,
bidirectional, and omnidirectional.

tional). (See Fig. 1.) None of these direc-
tional characteristics is inherently superior
to the other, but there are times when one
will do a specific job better than anything
else. For example, conference recording of
a group of people around a table calls for an
omnidirectional characteristic—as does re-
cording a moving sound source from a fixed
mike position. Bidirectional mikes are ex-
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it's old enough to vote.
You haven't seen one like it since 1934.

Now you've got to
service it. s

No sweat. PHOTOFACT® gives you complete serv-
ice data on 92,000 different radio/TV circuits . . .
including Rip Van Winkle, here.

Sams Photofact is the most comprehensive Radio/
TV/Audio circuit source in the world. Photofact
supplies complete service information on over
92,000 models produced since 1946 — color and
b-w TV, AM and FM radios, stereos and record
changers. Plus service data on auto radios and
tape players, CB radios, modular hi-fi, tape re-
corders and scanner monitors, Quite a package!
And more data keeps coming. Every month, Photo-
fact produces new Photofact data containing easy-
to-follow service information on up to 100 of the
latest chassis.

This data includes the manufacturers’ own printed
board callout numbers, detailed circuits, photos,
standard notation schematics, replacement parts
lists and descriptions, etc., etc., for each model.
1l save you hours of time and frustration.

And it's available in two ways: (1) Photofact-of-the-
Month Club members receive regular monthly de-
liveries of the latest data; {2) or you can purchase
whatever service data you need as you need it
from your local electronic parts distributor.

The cost? A bargain either way. Photofact-of-the-
Month Club members pay just $15.75 a month—a
$88.20 a year saving for the entire service package.
And if you need a Photofact on Rip Van Winkle,
above, the price is only $3.30.

1. Ask your Sams Distributor, or . ..

2. Fill out this coupon for membership in the
Photofact-of-the-Month Club . . . get service data
on up to 100 new chassis every month, delivered
in 7 handy file folders . . . plus monthly “Bonus”
certificate coupons toward a file cabinet of your
choice.

HOWARD W. SAMS & CO., INC. 4300 West 62nd St.,
indianapolis, Indiana 46268 PE193

Please enroll me as a new member of the Photofact-of-
the-Month Club. | agree to pay $15.75 per month for my
membership and understand my subscription will begin
with the 7 current Phototact Sets, plus the Photofact
Index, free, to be delivered by my Sams Distributor.

Name.

Address.
City. State Zip.
My Sams Distributor is.
Sign here,

|
|

I

|
|

|
I Busi name.
|
|

|

|
[
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cellent for spotlighting a soloist in the midst
of other instruments. But for most purposes,
the most versatile mike you can own is the
so-called cardioid type.

Some directional mikes are more uni-
formly directional than others. Some car-
dioids are cardioid at middle frequencies
only, becoming omnidirectional at low fre-
quencies and increasingly “beamy” at high
frequencies. This is why a directional mike
that is reasonably uniform over the audio
range often shows a family of polar pat-
terns on its specifications sheet. Directional
uniformity is in fact one of the things you
pay for when you pay more for one of two
mikes that appear to be identical perform-
ers in all other respects.

For advanced recordists with the scratch
to pay for them, there are mikes with vari-
able polar patterns and there are special-
purpose long-reach mikes for spotlighting a
single sound from a considerable distance.
Both tend to be very costly and both have
their places, but not usually as the first
mikes you buy for cutting your teeth on
stereo (or quadraphonic) taping.

Frequency Response. Basically, what
your microphone dollar is going to buy is
what you look for in a loudspeaker: fre-
quency range and response smoothness.
When you say to yourself, “that mike’s too
expensive for me,” what you're actually say-
ing is, “I have to give up some range or
smoothness.” Deciding just how much of
what to give up is the serious recordist’s
most difficult decision.

The best condenser mikes have response
curves that Jook like a perfectionist’s flight
of funcy. They go from 20 to 20,000 Hz,
almost as straight as a ruler. Below that
level of performance, though, you'll find
some mikes that are deficient, to varying
degrees at the low end but fine at the top;
some that are peaky or down in response at
the high end; and some whose major im-
perfections are irregularities in the middle
range, causing honky or raucous colora-
tions.

You can glean an idea of how good a
microphone is in these respects from both
its price and the manufacturer’s claim for
frequency range or response; but, in order
to judge in advance how a mike is likely
to sound, you must be able to get a look at
its published frequency response curve. If
you can’t obtain a curve for a mike you're
considering, don’t buy it. When you do see a
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curve, here’s how to tell how it will prob-
ably sound. (See Fig. 2.)

First, mentally divide the audio spectrum
between 50 and 10,000 Hz into two parts to
the left and right of 1000 Hz on the pub-
lished curve. If most of the curve through
both segments is the same height (that is, if
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Fig. 2. How to break down a response
curve to get interpretive analysis.

there is no visible tilt to the line), the mike
will sound properly halanced with regard
to highs and lows. If most of the right-hand
segment rises progressively to around 10,-
000 IIz, the sound will be bright, somewhat
sibilant, and rather forward. If it falls
through that range, it will be dull. If the
lower (left-hand) segment tapers downward
the sound will be thin. If it rises down to
around 50 Hz, it will be heavy and have a
tendency to boom. A good ear can detect a
response deviation of a bit more than 1
dB, and 3 dB is quite noticeable to anyone.
A deviation of 5 dB is conspicuously evi-
dent, while 10 dB represents an apparent
doubling or halving of level—a tremendous
change. Read the vertical dB scale on the
curve accordingly.

Next, split the audio spectrum into four
equal-width (not equal-frequency) segments
and compare their average heights. If the
first (left-hand) segment is up, the sound will
be bass-heavy; down and it will be sparse
and tight at the bottom. If the second seg-
ment is up, the sound will be overly fat and
a bit woolly; down and it will sound some-
what constricted. If the third segment is up,
the sound will be forward and brassy; down
and it will sound muted and lacking in life.
If the fourth segment is up, the sound will be
sizzly, sibilant and wiry; down and it will
be dull, soft and lacking definition. The de-
grees to which these flaws are audible
will, as before, depend on the extent of the
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Some of the reasons why
other turntables don't perform
quite like a Dual.

Because of the wide acceptance and acclaim
Dual has earned over the vears, especially omong
oudio experts, many Dual features inevitably apgear on
competitive turntables.

To copy o Dual feature is one thing: to ackieve
Dual performance and reliability is quite another
matter. The true measure of a turntable’s quality is
not its features alone but how well the entire unit is
designed ond manufactured.

Following are just some of the ways in which
Duals differ from other automatic turntgbles.

Gyroscopic gimbal suspension.

The gyroscope is the best known scientific
means for supporting a precision instrument thot
must remain perfectly balanced in all planes of
motion. That is why the tonearms of the 1218 ord 1229
are suspended in true, twin-ring gimbals.

Every Dual gimbal is hand-assembled ond
individually checked with gauges especially developed
by Dual for this purpose. This assures that the horizontol
bearing friction of the 1229 for example, will be no
greater than 0.015 gram, and vertical friction no
greater than 0.007.

True single-play automatic tonearm.

A turntable of the 1229's caliber is used primarily
in its single play mode, so the tonearm is designed to
parallel a single record en the piatter. For multiple-
play. the entire tonearm base is moved up to perallel
the tonearm to the center of the stack.

The 1218 tonearm provides the single-play
adjustment within the ccrindge housing, and the
cortridge pivots around *he styl s tip to maintcin
the correct overhang ;

Dual 1214, 3105 50

Duc! 1218 $16¢.50

Stylus pressure around pivot.

Today s finest cartridges, designed to track
at around one gram, have little margin for error.

In the 1229, therefore, the tracking pressure scale is
calibrated within 0.10 grom from 0 to 1.5 grams.

To maintain perfect balonce on every Dual
tonearm, stylus pressure is applied internally and
around the pivot. This is accomplished by a very
long spring colled around the pivot. Only a small portion
of the spring's length is needed to apply the required
pressure, thus contributing greotly to the accuracy of the
calibrations.

Avoiding sounds that weren't recorded.

The rotor of every Dual motor is dynamically
balanced in all planes of motion. Each motor pulley ond
drive wheel is also individually examined with special
instruments to assure perfect concentricity.

Ary residual vibration within the motor is
isolated from the chassis by o three-point damped
suspension. Finally, every assembled Dual chassts is
“tuned’ toa resonance frequency below 10 Hz.

The best guarantee.

All these precision features ond refinements
don't mean that a Dual turntable must be handled
withundue care. Sowe re not being rashwhen we include
o full year guorantee covering both parts and labor
for every Dual. That s up to four times the guarantee
you'll find on other automatic units.

Now it you d like to know what several
independent test labs soy about Dual, we Il send you
complete reprints of their reports.

Better yet. just visit your franchised United Audio
degler. You'll see for yourself thot only a Dual performs

precisely like a Dual. m

Duol 1216, $139.50

United Audio Products, Inc., 120 So. Columbus Ave., Mt. Vernon, N.Y. 10553

Exclusive 'S Distnbution Agency for Duol.
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deviations from flat, according to the dB
scale.

Now, look for slight peaks or severe
troughs in the curve. Low-end deviations
will add heaviness or subtract certain notes
from the sound. Lower-middle to upper-
middle deviations will cause various kinds
of colorations in the sound. Treble peaks
above about 5000 Hz cause roughness, me-
tallic edge, or excessive and spitty sibilance.

Finally, observe what the curve does
above 8 kHz. If it rises, details will be en-
hanced but sibilance and hard transients will
be exaggerated. If it falls above 8 kHz, the
sound will be sweet, somewhat soft, and
deficient in snap (trausient information).

most extended high end you can afford, a
mike that tapers off above 8 kHz rather
than rising above there (if you can’t find one
that’s flat to 15 kHz). For classical or quiet
folk voice, the low end is unimportant, and
a mike that rises slightly (3 dB or so) from
500 to 5000 Hz is ideal. For large choruses,
low-end smoothness is secondary to high-
end smoothness, and the range above 8 kHz
should taper off rather than rise. For close
voice or rock recording, extended low end
is called for, as is a gradual rise from
around 1000 to 8000 Hz, with a fall above
that. A general rule of thumb is: for clas-
sical recording, vou want the smoothest and
most uniform response across the whole
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Incidentally, when comparing mike curves,
be sure you take into account the scale used
for the curve (Fig. 3).

The Choice. Now it’s decision time. Un-
less vou feel vou can justify a $1000 mike
setup, vou are going to have to sacrifice
some frequency range at the top or bottom,
or both, and also some smoothness in be-
tween. Should vou pick a mike that lacks
10 Hz or so of low-end range but has a
smoother and more extended top than the
competition? Or should you opt for the best
low end vou can afford and give up some
assets at the high end? That’s something
only vou can decide. However, here are a
few pointers.

If vour first love is organ music, you'll
want all the low-end range you can get, but
not low-end rise. If you expect to be doing a
lot of recording of music i1 which strings
play a major role, choose the smoothest and

16

audio range; for pop-tvpe recording, good
low end but a generally rising response
above 1000 Hz.

Most home recordists, who aren’t overly
critical of sound but want something con-
siderably hetter than just good, usually find
what they are looking for in the range he-
tween $45 and $100 per mike. Picky re-
cordists with better-than-average hi-fi sys-
tems at home usually find something in the
range of $90 to $200 (per mike); while
the real live-recording afficionados who
have access to performing groups good
enough to warrant top-notch recordings fre-
quently jump in with both feet and invest in
professional condenser mikes. The best
mikes in the world won't assure a good re-
cording if your technique is poor; but if your
mikes don’t have what it takes, it won’t mat-
ter much how good your recordiifg tech-
nique is. you won’t wind up with a decent
recording. ®
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WRITE FOR IT TODAY!
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NNUAL CATALOG

276 PAGE RADIO,
TV & ELECTRONICS
CATALOG . ..

Containing the lotestin .
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TV's, Rodios, lope Recorders, CB, Kits,
Tools and Books . . . PLUS 200 Foges of
Electronic Ports.
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CIE graduate huilds
two-way radio
service business
into*1,000,000
electronics company!

How about YOU? Growth of two-way
transmitters creates demand for
new servicemen, field and system
troubleshooters. Licensed experts
can make big money. Be your own
boss, build your own company. And
you don’t need a college education.

Two-way radio is booming. There are already nearly
seven million two-way transmitters for police cars, fire
department vehicles, taxis, trucks, boats, planes, etc.,
and Citizens Band uses. And the number keeps growing
by the thousands every month. Who is going to service
them? You can — if you've got the know-how!

Why You’ll Earn Top Pay

One reason is that the United States Government doesn't
permit anyone to service two-way radio systems unless
he's licensed by the FCC (Federal Communications
Commission).

Another reason is that when two-way radio men are
needed, they’re really needed! A two-way radio user
must keep those transmitters operating at all times. And,
they must have their frequency modulation and plate
power input checked at regular intervals by licensed
personnel to meet FCC requirements.

As a licensed man, working by the hour, you would
usually charge at least $5.00 per hour, $7.50 on eve-
nings and Sundays, plus travel expenses.

Or you could set up a regular monthly retainer fee
with cach customer. Your fixed charge might be $20 a
month for the base station and $7.50 for each mobile
station. Studies show that one man can easily maintain
at least 135 stations—averaging 15 base stations with 120
mobiles! This would add up to at least $12,000 a year.
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Edward J. Dulaney, Scottsbluff, Nebraska, (above and at right)
earned his CIE Diploma in 1961, got his FCC License and moved
from TV repairman to lab technician to radio station Chief
Engineer. He then founded his own two-way radio business.
Now, Mr. Dulaney is also President of D & A Manufacturing,
Inc., a $1,000,000 company building and distributing two-way
radio equipment of his own design. Several of his 25 employees
are taking CIE courses. He says: “While studying with CIE, |
learned the electronics theories that made my present
business possible.”

Be Your Own Boss

There are other advantages, too. You can become your
own boss — work entirely by yourself or gradually build
your own fully staffed service company. Of course, we
can't promise that you will be as successful as Ed
Dulaney, or guarantee that you'll establish a successful
two-way radio business of your own, but the opportuni-
ties for success are available to qualified, licensed men
in this expanding field.

How To Get Started

How do you break in? This is probably the best way:

1. Without quitting your present job, learn enough about
electronics fundamentals to pass the Government
FCC exam and get your Commercial FCC License.

2. Then get a job in a two-way radio service shop and
“learn the ropes” of the business.

3. As soon as you've earned a reputation as an expert,
there are several ways you can go. You can move
out and start signing up and servicing your own cus-
tomers. You might become a franchised service repre-
sentative of a big manufacturer and then start getting
into two-way radio sales.

Cleveland Institute of Electronics has been successfully

teaching Electronics for over 37 years. Right at home, in

your spare time, you learn Electronics step by step.
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CIE's AUTO-PROGRAMMED? Lessons reniove the
roadblocks by using simple, concise examples. You learn
in small, compact steps — cach one building on the other!

Yau'll learn not only the fundamentals that apply to
all electronics design and servicing, but also the specific
procedures for installing, troubleshooting, and maintain-
ing two-way mobile equipment.

You Get Your FCC License...

or Your Money Back!

By the time you've finished your CIE course, you'll be
able to pass the FCC License cxam. A recent survey
of 787 CIE graduates reveals that better than 9 out of 10
CIE grads passed the FCC License exam. That’s why
we can offer cur famous Moncy-Back Warranty: when
you complete any CIE licensing course, you’ll be able to
pass your FCC exam or be entitled to a full refund of all
tuition paid. This warranty is valid during the completion
time allowed for your course. You get your FCC License
— or your money back!

It’s Up To You

Mail the reply card for two FREE books, “Succeed in
Electronics” and “How To Get A Commercial FCC
License.” For your convenience, we will try to have a
representative call. If card has been removed, mail cou-
pon or write: Cleveland Institute of Electronics, Inc.,
1776 E. 17th St., Cleveland, Ohio 441 14.

APPROVED UNDER G. I. BILL

All CIE career courses are approved for educational
benefits under the G.1. Bill. If you are a Veteran or in
service now, check box for G.1I. Bill information.

Cleveland Institute
of Electronics, Inc.

1776 East 177th Street, Cleveland, Ohio 44114
Accrediied Member National Home Study Council

Please send me your two FREE books:
1. Your book on "How To Get A Commercial FCC License.”
2. Your schooi catalog, "Succeed in Electronics.”
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You were
born smart.




Make it
the i
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Get advanced technical training in electronics or nuclear power.

If you're a high school graduate who can meet our repair the Navy’s sophisticated electronic systems or
qualifications, the Navy will offer you over $17,000 nuclear power plants, guarantees himself a firm foot-

worth of advanced technical
training in our Advanced
Electronics or Nuclear Power
Programs.

These are very special
programs, and the academic
schedule will be tough . . .
calling for plenty of concen-
tration and honest effort. [t'il
take more than a good mind
to make it. You’ll need a
strong desire to learn and
ach:eve. And a willingness to
do vour share of the house-
keeping chores. But any men
who learns to operate or

———— e —  hold in the future, whether
TO: Captain Rovert W. Watkins, USN he stays in the Navy or not.
Building 157, I'ourth Floor i
Washinglon Navy Yard For more details, talk
Washingten, DD.C. 20374 to your local Navy Recruiter.

Or mail the coupon below.

Or call toll-free, anytime,

800-841-8000.

[Mease send more information on:
Advanced Electronics Program
Nuclear Power Program
Other Navy career opportunities.

17 you really don’t want to wai H

call 800-841-8000 toll-free Be someane SpeClal
in the New Navy,

In Georgia, call 809-342-5855. Call collect

[ Alaska—272-3123, in Hawaii—533-1871

g~

HName Age
Address
ity I’hone 1

|
|
|
|
|
|
|
|
|
|
| (24 hours a day, seven days a weck).
|
]
|
|
|
|
|
|
|

| —

State Zip

*



Il

\

Hobby Scene

~

_J

A ‘“Bug" for the Ham

Q. I am studying for my ham ticket. Is there
an easy way to make an electronic “bug”
type of Morse key? At present I can copy
almost 10 wpm and feel that a fast key
would help me very much.

A. The circuit shown below is one of the
simplest Morse bugs we have seen. The
sensitive relay can be used to drive a code
practice oscillator. Spacing is varied by
changing the value of the transistor’s col-
lector resistor. Speed range is from about 10
to about 30 wpm. Once you get it working,
you may have to “diddle” with the values
of the various resistors to get a machine-like
transmission. Just about any pnp transistor
can be used.

DASH 7

HANOLE

Noise Limiter for SWL's

Q. As an avid SWL, I have often experi-
enced tremendous hearing shocks when
using headphones and listening to a weak
shortwave station when either lightning
starts up somewhere or a car with bad
ignition dricves past my house. Is there some
way to save my ears, without making any
changes to the receiver?

A. The circuit shown here is coupled to the
audio output (speaker) of the receiver. The
input resistor is about 10 ohms. Set RI so
that the diodes just clip (produce distor-
tion). Any signal or noise greater in ampli-
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tude than this will be limited. This will not
improve reception, but it will save your ears.

~ A
IN: 2.2K +l +9v
'5?{0 1.2M
3 £ HEP S0pF
$0003
i
R3S ><—OUTPUT
10KZ + 3 .
ids
GND

Checking Unmarked Crystals

Q. I have a number of unmarked crystals.
How can I determine what frequencies they
are and whether or not they are good?

A. Shown here is a circuit using a con-
ventional 10,000-ohms/volt (or better) dc
voltmeter, preferably a VTVM or TVM, and
a reasonably well calibrated r-f signal gen-
erator. Tune the signal generator until the
voltmeter deflects sharply. At this point, the
crystal is resonant with the generator fre-
quency. You can check the overtone mode
by changing the generator to the third, fifth,
or higher harmonics. Some crystals perform
better in the overtone mode. The diode used
can be just about any signal type.

Have a problem or question on circuitry, compo-
nents, parts availability, etc.? Send it to the
Hobby Scene Editor, POPULAR ELECTRONICS Includ-
ing Electronics World, One Park Ave., New York,
NY 10016, Though all letters can't be answered
individually, those with wide interest will be
published.
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“PRECISION" is the one
word that best characterizes
the extraordinary quality of the
new Pickering XV-15/1200E
cartridge, the culmination of
Pickering’s 25 years in
contributing important
technological advances to the
manufacture of magnetic
cartridges.

Its exceptional design and
performance accords it a DCF

(Dynamic Coupling Factor)
rating of 1200. Naturally, it
delivers 100% Music Power.
This cartridge is for the
sophisticate — one who
possesses components of such
superlative quality that the
superiority of the XV-15/1200E
is a requirement. $79.95
audiophile net. Write Pickering
& Co., Dept. E, 101 Sunnyside
Bivd., Plainview, N.Y. 11803.

SPECIFICATIONS

Frequency Response: 10 Hz to 30 KHz

Nominal Output: 4.4 mv
Channel Separation
Nominal 35dB
Stylus Tip: 0.0002” x 0.0007""

Elliptical Diamond
3 gram, + Y2 gram,
- Ya gram

(@ PICKERING,|

“for those who can (gar] the difference-

Tracking Force

All Pickering cartridges are designed for use with all 2 and 4-channel matrix derived compatible systems.
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News Highlights

Electronic Project Design Contest

Motorola HEP Semiconductors has announced the “Design-In,” an
electronic project design contest offering scholarship prizes totaling
$9000. Winners can use the scholarships at any school of their choice
or transfer them to another individual. The contest will be divided
into two categories: non-professional and professional engineers. It is
open to students, hobbyists, experimenters, technicians, inventors,
teachers, and professional engineers and will run from July 1 through
Dec. 31, 1973. Contest entry blanks are available at more than 1500
HEP suppliers throughout the U. S., Canada, and the Caribbean area.
Projects must have a total parts cost of less than $100 and must use
at least two HEP semiconductors.

Notes on the Consumer Electronics Show

Possible hi-fi components trends observed at the recent Consumer
Electronics Show included receivers with full provision for 4-channel
record sources (SQ and QS matrices and CD-4). Superscope, an-
nouncing a new line of hi-fi products to be marketed under its brand
name, displayed a stereo receiver which achieves 4-channel effect from
both stereo and matrix-encoded sources and has an input to accommo-
date an outboard decoder or demodulator and an output jack for 4-
channel FM to accept a decoder or adaptor. The key word here is
“non-obsolescence” . . . Remember when the words “record changer”
were discarded in favor of “automatic turntable” to denote a high-
quality changer that could be played in a manual mode? Now there
are a host of automatic tumtables that cannot play a stack of records.
They are single-play units with automatic start, cue and stop (with
arm return to rest). Dual (United Audio) exhibited one with an elec-
tronic drive system . . . In the tape area, Dolbyized cassette players
were evident wherever one looked. TEAC even introduced a car
stereo cassette player/stereo FM radio with built-in Dolby. Magnetic
Video showed a cassette recorder and copier that compresses speech
up to 2% times normal speed with no change in pitch or tone and
can be played back with a conventional cassette machine. JVC showed
an 8-track, 4-channel cassette deck, breaking the quadraphonic ice.
Can prerecorded 4-channel tapes be far behind? . . . A number of new
and interesting loudspeakers were displayed at the Show. For exam-
ple, British Industries demonstrated a new loudspeaker system that
was small in size but able to produce full bass at high efficiency using
a different bass reinforcement principle: the rear wave from the speak-
er passes through a “venturi” duct. Also novel, a thermistor sensor
in the system effects a dynamic equalizer for Fletcher-Munson equal
loudness characteristic curves by automatically adjusting bass and
treble in accordance with the power fed into it. Several manufacturers
exhibited vertical-column speakers in which the woofer radiates ver-
tically to produce an omnidirectional sound source. Some of the
woofers were especially designed for their systems. Examples include
units made by Ohm Acoustics, RTR and Hegeman Labs . . . There
were several electrostatic headphones at the show, too. One set (by
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Janszen) was designed to “hover” over the ears rather than using a
tight ear seal . . . There were a number of non-TV, non-hi-fi items
at the Show. One example was a cordless, wireless extension telephone
from Fonetron Inc. This unit, with a range of several hundred feet
from its base unit, permits the user to make phone calls without
being literally “tied to the phone cord.”™ A myriad of electronic
calculators was exhibited, too, indicating that 1974 is expected to be
an even hotter sales year than 1973 for those devices.

Video Tape and Disc Unveilings

A new type of color video projection system, from Sony Corp. of
America, is being delivered to the company’s network of audio-visual
dealers throughout the U. S. and Canada. The complete system,
priced at about $3000 can project prerecorded programs from a
video player, or it can project programs taken off the air with the aid
of the TCV tuner/adupter . . . AKAI America is displaying a new,
compact, completely portable color video tape (% in.) recorder/
camera system that features automatic editing. The system will sell
for about $5500 . . . The Disco-Vision video disc was demonstrated
recently before a large audience in Chicago. The disc, developed by
MCA Inc., played for a full 21 minutes; both video and audio were
recorded on the disc.

Increase in Demand for Engineers

Employment of engineers and scientists in industrial research or-
ganizations is growing again, according to a report from the Engineers
Joint Council. Using employment as of January 1971 as a starting
point, the number of engineers and scientists in nearly all categories
declined through that year but had already begun to recover by the
end of 1972. By the end of 1973 the number employed in industrial
vesearch should be about 4 percent higher than it was in 1971, and
all sectors foresee further growth in the years immediately ahead.

Novel Use of Light Emitting Diodes

An interesting use of LED’s is heing made in some of Zenith’s new
FM tuners in the company’s high-power modular units. Three of
these semiconductor devices located on the dial scale pointer are ar-
ranged in a red/green/red sequence. When the red diode on either
side of the pointer is lighted, the station is not tuned properly. When
the center green diode lights, the station is tuned dead center for the
best possible signal reception.

Second Source for Sanyo Transistor

Technicians and repair agencies have been looking for years for a
domestic source of replacement for the widely used Sanyo 25B464(G)
transistor. Such a device is now being marketed by Intemational
Rectifier Corp. Semiconductor Division. IR’s new IRTR94MP is an
exact replacement for the Sanyo transistor because the pin spacing
is slightly wider than the standard TO-66 configuration.

New FCC Exam Questions

SEPTEMBER 1973

The Federal Communications Commission has issued revised study
questions for the examinations for novice, general, conditional and
technician licenses. Particularly for the novice license, the FCC test
will be somewhat stiffer. For example, among the 34 non-regulatory
questions, the applicant for a novice license will find eight that either
require or are hased on circuit diagrams.

27



28

There are more low-cost
than ever....

Heathkit projects

starting for as little as $5!

These low-cost Heathkit projects represent great values on
electronic items you could pay up to twice as much for

in assembled form. But they are also great kits for the
first-time Heathkit builder, or the youngster who has been
wanting to try a sophisticated electronics project. All the kits
shown can be assembled in one or two evenings’ time with
conventional hand tools and a soldering iron. The assembly
instructions begin with a quick course in soldering then take
the builder into the famous Heathkit check-by-step assembly
manual. After the kit is completed and working, the builder
can go on to the circuit description sections which tell him
how and why his kit works.

And finally, only Heath gives its cus-
tomers this unique pledge: “We
won't let you fail”. if a Heathkit
builder has any problem before,
during or atter assembly, he has a
nation-wide technical consultant
staff backing him up. These tech-
nicians, at the Benton Harbor plant
and Heathkit Electronic Centers in
major metropolitan areas are the
'big brothers” of the Heathkit
fraternity, They are always pleased
to lend a helping hand. ..free.

For as little as $5, a Heathkit
product could be the most worth-
while investment you'll ever make.
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A. Heathkit Lamp Dimmer — lets you adjust bright-
ness of table or fiocor lamps smoothiy from full on

to complete invisibility. A simple. useful kit, and an
interesting introduction to Triac and Diac phase-
controlled switches. Handles up to 300 watts.
KitGD-1018,21bS. < vvvvvevvnnnrnnsiaruuen 7.95*

B. Heathkit Tune-up Meter — a 3-in-1 diagnostic
instrument for 4-cycle, 3, 4. 6 and 8-cylinder engines
having conventional {Kettering) ignition systems.
Includes two-range tachometer to 4500 rpm, dwell
meter, and voitmeter reading 0-15 volts,

Completely portable.

Kit 1D 29,57 |beds.. T’ % LB L2l et O 29,95

C. Meathkit Electronic Metronome -- provides professional accuracy in tempos
from 40 to 210 beats per minute. Has adjustable volume control and includes
chart relating tempos In time signatures to beals per minute. Uses two 9-volt
batteries (pot supplied).

KitTD-17,21bs. ... ...ovvvioinnen T A P SR L 9.95*
D. Heathkit Cab-lo-Camper Intercom — glves instant two-way communication
between truck cab and cab-over camper or shell. Great for boats, too. Camper
unit has switch position for listening to cab radio. includes mounting brackets
and 18 cable. 12-volt automotive system provides power.

Kt GD-160, 5 Ibs. ....... WL AERL W M S LN, RSN .25.95°
E. Heathkit Pholoalectric Lamp Switch — turns on a lamp when you're away.
Adjustable sensitivity control lets you set unit to operate at various levels of
darkness. No timers to set — electronic circuitry is fully automatic to com-
pensate for changes in daylight hours during the year. Operates on 120

VAC household current.

KRGD-600, 11b. ....c....onnivinirinnnivans % Sty oL kR ..5.00"
F. Heathkit Bookshel! Speaker Sy - \tent reproduction with any audlo
system having 4 watts or more per channel. Has 4%2” high-compliance
cloth-suspension speaker with sealed acoustic suspenslon cabinet. Measures
127 H x 77 W x 6” D. Uselul frequency response extends from 70 Hz to 16

kHz. Order a pair for stereo.

KIt AS-106, 1010DS, ....co.oviiinnninnnnnnns B P T SRR ¢ e 19.95*
G. Heathkil Code Practice Oscillator — great for beginning and novice amateur
radio operators, Has tone and volume controls, built-in speaker, headphone
jack, blinker light. Inciudes key, phone plug, cord. Uses two 9-volt and one

"C" battery (not supplied).

Kit HD-16, 3 Ibs. ............. S ot - - a8 S ) P e s - @ o, T <3 A 9.95°
H. Heathkit Thermo Fish Spotter — an all-solid-state thermometer with sell-
contalned reel and 100’ cable so you can lind the depth where your gamefish
are likely to be feeding. Kit includes fish temperature preference charts,
calibrating thermometer and line depth marking material. Uses one 9-volt
battery (not supplied).

Kit MI-104, 3 1bs. ... ..

I. Heathkit 4-Watt Monophonic Amplifier — all solid-state. Excellent frequency
response and low distortion. Has inputs for ceramic phono cartridge, mono

AM or FM tuner or tape recorder, plus front-panel headphone jack. Drives

4 to 16 ohm speakers.

Kit AA-18, 4 bs. ........ B B g e . . N - N 19.95*
J. Healhkit Portable AM Radio — tuned-in to today’s look, turns on to the
sounds of AM. Has big 3¥2” speaker, RF amplitler stage, automatic gain
contro) — quality features not usually found on portables. Uses one 9-volt
battery {not supplied).

Kit GR-1008, 2105 .. cocvvvrrt v eintierinneeneriiisinaeniens 14.95*
K. Heathkit Telephone Amplifier — lets you carry on conference calls or cook
dinner while using he phone. And the speclal acoustlc-coupled design means
you can use it with virtually any telephone hand set. Amplifies incoming

signal only. Includes speaker and 8’ extension cord. Uses one 9-volt

battery {not supplied).

KIt GD-1024,2 |bS. . ... ..ccoioiivenann s & .%o St &, | S e P 14.95°

Visit your nearest Heathkit Electronic Center...or send for FREE catalog

HEATHKIT ELECTRONIC CENTERS — ARIZ.:
Phoenix; CALIF.: Anaheim, EI Cerrito, Los Angeles,
Pomona, Redwood Cily, San Diego {La Mesa),
Woodland Hiits; COLO.: Denver; CONN.: Hartford
{Avon); FLA.: Mlami (Hialeah); GA.: Atianta; ILL.:
Chicago, Downers Grawe; iND.: Indianapol
KANSAS: Kansas Clty {Mission); MD.: Balimo:
Rockvilie: MASS.: Boston {Weileslay); MICH.:
troit; MINN.: Minneapolls {Hopkins): MO.: St. Louls;
N.J.: Fair Lawn; N.Y.: Bu%alo {Amherst), New York
City. Jericho; L.L.: Rochester, OHIO: Cincinnatl
{(Woodiawn}, Cleveland;-PA.: Philadeiphla, Plits-
burgh: R.1.: Providence (Warwick); TEXAS: Daltas,
Houston; WASH.: Seattles WIS.: Miiwaukee.

Fommemm—————- e v m——rm e —m - a—————-

HEATH COMPANY, Oept. 10-9 }
Benton Harbor, M’ichigan 49022 LEATY

O Piease send FREE Heathkit Catalog. Schlumberger

| [}
1 1
1 [}
] i
i 1
1 Enclosedis S, plus shipping. 1
: ) Please send model{s)_ — = - _— — :
' Name_ — - - S — — |
| l}
1 Address. S = S — —
(- . 3
world's largest 1 CitY—— — -State. — —Zip )
seiection of 1 *Mail order prices; F.0.B. factory. CL-480R
elactronic kits | R
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Technology must be
confirmed by performance.

Here are the judgments of the most
respected critics and reviewers.

...1f your response to it is like
ours, you’ll be reluctant to turn
it off and go to bed.”

Norman Eisenberg,

HIGH FIDELITY

‘“After a time trial measured in
months rather than weeks, this
one can definitely proclaim Bose
is best, big or small, high or low.”
Irving Kolodin
SATURDAY REVIEW

““It is our opinion that this is
the speaker system to own,
regardless of price if one
wants the ultimate in listening
pleasure.”

e/e HIGH FIDELITY ~~——__

*‘...I must say that | have never
heard a speaker system in my
own home which could surpass,
or even equal, the Bose 901 for
overall ‘realism’ of sound.”
Hirsch-Houk Laboratories/
STEREO REVIEW

“To hear a thunderous “low

C’’ organ pedal..., or a clean,
weighty impact of a bass drum
is truly impressive... There is no
doubt that the much abused
and overworked term ‘‘break-
through’’ applies to the Bose
901 and its bold new concepts.”

Bert Whyte — AUDIO

“The Bose have replaced forever
\\\ our bulky studio speakers with
compact, handsome units. The
only trouble is — our studio is
beginning to look like a living
room!”’

The most highly reviewed speaker
regardless of size or price.

DOWNBEAT

\ “‘But these speakers provide a
quality which is not to be matched.”

STEREO & HI FI TIMES

/

I urge that you listen for your-
self. | think you will have to
agree that Bose has, in a single

giant step, produced one of the
finest speaker systems ever

made.”

AMERICAN RECORD

GUIDE

““The 901 is very possibly
the only speaker to date to
actually pour fourth in true
concert hall fashion.””

HI -FI BUYER’S GUIDE

For complimentary copies of the reviews, circle your reader service card or write Dept. EP

You can hear the difference now...

MBS E

The Mountain, Framingham, Mass. 01701
CIRCLE NO. 3 ON READER SERVICE CARD

The one review that really will convince you
is your own. We invite you to compare
the BOSE 901 Direct/Reflecting® Speaker
with any conventional speaker, and hear the
difference for yourself.
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BY THOMAS R. FOX

CONSTRUCTION

Thunderstorm deiector alerts pscnickers,.

""Zéolfers, tizshermen with Iighi and sound.

Sudden violent storms cause many millios of dollars worth

of damage in the United Stat2s every year. Even worse, they

‘ sometimes cause the loss of human lives. In most cases, such

PE storms are delected in advance by authorities and emergency
TESTED i announcements are made on lozal radio and TV broadcasts.

— However, many times peopl2 are not listeming to such broad-




casts. They may be sleeping, boating, camp-
ing out, golfing, or just sunning on the
beach. If they can get sufficient warning,
they can take steps to protect themselves
and their property from the elements. That
is the purpose of the Storm Forecaster.

The Forecaster uses the lightning flashes
that often announce the approach of a storm
to turn on a warning light or provide an
audible alert signal. Since it is battery pow-
ered, the device can be used far from the
commercial power line. The detection range
can be preset to a value of a few miles to
several hundred miles and when a storm
comes within the detection range, the
warning is given.

Lightning flashes create radio waves that
can best be detected in the frequency range
between 100 kHz and 1 MHz (long waves
at the lower end of the conventional broad-
cast band). If you tune a conventional radio
to the 550-kHz end of the broadcast band,
weak lightning crashes as much as 100
miles away will cause static on the radio.
The louder the static, the closer the storm.

Because of the ave (automatic volume con-
trol) action in most radios, and if you are
listening to a station on the low end of the
dial, the static will be louder on a radio
tuned to a weak station than on one tuned
to a strong station.

In addition to signalling the approach of
a possibly dangerous thunderstorm, the
Forecaster is useful indoors as a tomado
warning device. There is a strong relation-
ship between severe thunderstorms and the
formation of a tornado. In fact, tornados are
a form of thunderstorm but the exact mech-
anism is not known. The U.S. Weather Ser-
vice issues Tornado Watches to inform the
public that weather conditions may be ripe
for the formation of tomados.

When there is a Tomado Watch called
for your area, just tum on the Forecaster
and go about your business. This is especial-
ly helpful if the wamning is called late in the
evening and you want to get as much sleep
as possible. The loud acoustic warning sig-
nal generated by the Forecaster will wake

you up.

R2
100K

Q2
2N307

|
]
IN47I9
+
c

'
FROM
EARPHONE _| 30004F
JACK OF
TRANSISTOR
RADIO Rl
M
LIGHT L
DURATIONS

SAAAAAAA

Fig. 1. Static “noises” from the
radio charge up Cl1 which turns
on lamp 11. The SCR circuit can
also be set to provide an audible

warning if visual is not enough.

PARTS LIST
Al—Audible signal device (Mallory Son-
alert or similar)
B1,B2—9-volt battery
C1—3000-uF, 15-volt electrolytic capacitor
(see text)
D1—Silicon rectifier diode
I11—Pilot lamp (#48)
Q1—Transistor (RCA 40399 or HEP721)
Q2—Transistor (2N307 or HEP230)
RI—1-megohm potentiometer

RS B —L+az
> 25K OV = OV
T 5
T0

TRANSISTOR
RADIO

R2—100,000-0hm potentiometer
R3-—25,000-ohm potentiometer
R4,R5—100-ohm, Y%-watt resistor
R6—15-0hm, Yo-watt resistor

S1—Dpst switch

S2—S8pst, normally closed pushbutton switch

SCRI1—Silicon controlled rectifier (Cl106A41
or GEX.5)

Misc.—Miniature transistor radio, suitable
plastic case with plastic cover (6" by 5"
by 2”), battery connectors, knob, lamp
socket, mounting hardware, etc.
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Map of U.S. shows average number of days in which thunderstorms occur in various areas.

Construction. The main element of the
Forecaster is a small (shirt-pocket) solid-
state radio. These can be purchased almost
anywhere for a very low price and most are
surprisingly sensitive. There are no changes
to be made in the radio, except for the use
of the earphone jack and cable. When not
used in the Forecaster, the radio can op-
erate quite conventionally.

The circuit shown in Fig. 1 can be assem-
bled on a small piece of perf hoard or a PC
board. In either case, the smaller the better.
To avoid electromagnetic shielding, the
outer case must be either plastic or Bakelite.
Do not use a metal case. Pick a size that can
accommodate the radio, the small hoard and
two 9-volt batteries. Light duration control
R1, the normally closed pushbutton reset
switch S2, the thunderstorm light, the Son-
alert, and the power switch are all mounted
on the front (plastic) cover of the case.

Although a Sonalert is specified for the
severe storm alert, you can substitute a low-
current buzzer; or, if you live in a bad storm
area, you can use a relay instead of the
Sonalert. The relay can actuate a burglar
alarm type of siren. It is also possible to
substitute a sensitive relay for R4 and II,
and use this relay to twrn on either another
audible wamning device or power a much
brighter (and hence more visible) light.
The various modifications can be made to
suit almost any condition.

The input to the circuit board is through
a conventional headphone jack plugged into
the transistor radio. Remove the earphone

SEPTEMBER 1973

and connect the two leads as shown in Fig.
1. This should also silence the radio.

How It Works. The input from the radio
earphone jack is rectified by DI and places
a charge on CI, which has a large capaci-
tance value. When the charge on CI builds
up to a sufficient value, it energizes two
separate circuits. One circuit is a two-stage
dc transistor amplifier (QI and Q2) which
is easily driven into saturation and whose
output turns on I1. The second circuit con-
sists of a sensitive SCR whose output drives
the audible alert. Reset switch S2, when de-
pressed, opens the cathode circuit of the
SCR and turns off the alarm if CI is suffi-
ciently discharged.

Calibration. The radio used should be
tuned to the lowest frequency that is free of
broadcast stations. It should be left in this
position unless the Forecaster is moved to
an area in which a station happens to be
broadcasting at, or near, the frequency to
which the radio is tuned.

Light-duration control RI does uot have
to be set at a specific point for the Fore-
caster to work. The purpose of the poten-
tiometer is to provide an easy way of dis-
charging CI (when desired) and a way of
judging the intensity of an approaching
storm by setting the potentiometer close to
its minimum value. In that case, if the storm
is weak, 11 will go out periodically.

Controls R2 and R3 must be properly ad-
justed before the device can be used. Po-
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Front panel of Forecaster holds warn-
ing light and a severe storm alert.

tentiometer R2 is basically a sensitivity con-
trol for the warning light, while R3 controls
the input current to SCRI. The former
should be adjusted so that the thunderstorm
warning light goes on at the desired amount
of static. For example, you may want to be
alerted if moderate thunderstorms are 100
miles (about 3 hours) away. By listening to
the radar weather reports put out by the
FAA on the longwave band or to a TV
weather program, you can adjust R2 so that
the light just barely goes on when storms
are that far away.

Potentiometer R3 should be set so that
the severe storm alert goes off when a bad
storm is quite close (25 miles, for example).

The setting of this potentiometer is rather
critical. Once you have adjusted R3, read-
just R2.

Since thunderstorms appear when you
least want them, you can give the Fore-
caster an initial test and adjustment by cre-
ating your own static. A soldering guu,
when turned on and off rapidly, sends out a
signal similar to that of a lightning flash.
Corrections in this initial adjustment should,
of course, be made when an actual thunder-
storm appears.

If you want to be warned of the presence
of a weak storm (with little lightning), use
a smaller capacitance value for CI (2000-
pF or less). Since less current is required to
charge a smaller capacitor, fewer pulses
from the radio will be required to charge
CI. With this modification however, the
thunderstorm warning light won’t be on
constantly during most storms and the in-
creased sensitivity may be troublesome.

After it is checked out and adjusted, the
Forecaster may falsely signal that a thunder-
storm is near. In this case, some nearby
electrical equipment is probably emitting
pulses or electrical “hash.” A faulty fluores-
cent light or motor may be to blame. The
interference must be corrected or removed
before Forecaster can function properly. @

BOATERS trving to find their lake-

side docks or campers returming
from a long hike in the woods and
groping around in search of their
campsites after dark will find the
Welcome Beacon a handy device to
have. The Welcome Beacon (see
schematic) remains passive during
daylight hours, drawing hardly any
current at all from its power source.
As dark approaches, the light falling
on the LDR causes the light-depen-
dent resistor’s resistance to increase
to a point where the circuit triggers
and turns on the lamp. The entire
process is automatic.

During the daylight hows, the cur-
rent drain from the 12-volt de power
source (two 6-volt lantern batteries
connected in series) is only a few
milliamperes to conserve power. To
further conserve power at night, it is

WELCOME BEACON PREVENTS STUMBLING IN THE DARK

best to select a low-current 12-volt or
14-volt lamp for the beacon light.
Also, use a heat sink for the output
power trausistor to prevent thermal
runaway.

The 100-ohm potentiometer serves
as a sensitivity control. It can be ad-
justed to permit circuit triggering

under varying light conditions. ®
Fizv
2K 12-14V
3 Juor LAMP
HEP
N $300!
HEP
$0003

3i0n

1000 101
| ' . GND
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BUILD THE

This unique electronic clock uses only a

one-digit readout and displays hours and

minutes in sequential form.

BY MICHAEL S. ROBBINS

HE Monodigichron is a true electronic

digital clock featuring sequential display
of tens of hours, hours, tens of minutes and
minutes on one seven-segment readout de-
vice. Instead of displaying all four digits
continuously in a static presentation, the
Monodigichron dynamically flashes the hours
and minutes in sequence at a rate of about
fifteen times per minute.

The circuit uses the latest LSI-MOS in-
tegrated circuit for positive synchroniza-
tion to the 60-Hz power line frequency.
Two pushbuttons (fast and slow) are pro-
vided for initial time setting.

The large, bright, incandescent readout
tube allows the Monodigichron to he read
in total darkness as well as in brightly lit
rooms. The display is all electronic and
therefore completely silent. Because the
readout is a bright filamentary tvpe, any
color filter may be used.

SEPTEMBER 1973

.

Power for the clock is supplied by a
molded, plug-in transformer which is U. L.
approved.

Circuit Design. A block diagram of the
clock circuit is shown in Fig. 1, while the
schematic is in Fig. 2. As in most ac digital
clocks, the time base is the 60-llz power-
line frequency which is applied to a shaping
circuit (D10, DI1, R9, RI10, and C2) for
squaring and removal of transients. An ar-
ray of flip-flops within IC2 counts the 60-Hz
input and provides once output pulse for
every 60 input pulses (1 Hz). A binary
coded decimal counter (BCD) totals the
1-Hz pulses and provides four output lines
for display of the seconds count. (Though
the seconds are not displayed in the clock
described here, they are counted in the 1C.)
A fifth line provides one pulse every 10
seconds for the tens-of-seconds BCD count-

~
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er. An output and reset are incorporuted to
return these counters to zero on the next
pulse after counting to 59 seconds. This out-
put line also provides a one-pulse-per-minute
signal for the minutes counter.

A third BCD counter counts and decodes
the minutes and provides a one-pulse-per-
ten-minutes output for the fourth counter.
The tens-of-minutes counter provides an out-
put pulse (one per hour) and resets on the
next pulse after counting to 59 minutes.

The one-per-hour pulse is applied to a
fitth BCD counter for counting and decod-
ing. The output of this counter operates a
flip-flop for the tens-of-hours count. Gating
is built into these last two counters so that
thev will reset to one o'clock after twelve.
High order zero blanking is incorporated to
display 1:00 instead of 01-00.
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Fig. 2. Most of the circuit is con-
tained in the IC's and 7 driver units.

PARTS LIST

Ci—I1-uF, 15-volt electrolytic capacitor (low-
leakage type)

C2,C4—0.01-ul, 16-vol: disc ceramic capacitor

C3—2000-uF, 15-volt electrolytic capacitor

Di1—35.1-volt, 1-watt zener diode

D2-D5,D14—Rectifier diode (IN400] or simi-
lar)

D6-D13—Switching diode (IN914 or similar)

IC1—7490 TTL decade counter

I1C2—Digital clock IC (National Semicon-
ductor AINS3314N)

01,05-Q11—Npn  transistor (MPS5172 or
similar)

Q2—JFET (MPF102)
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Q3—Unijunction transistor (2N4870, 2N4871
or MU10)
(4—Pnp transistor (2N3905 or similar)
R1—47-0hm, Va-watt resistor
R2—390,000-0hun, Yo-watt resistor
R3—680,000-0hm, Ya-watt resistor
R4—15,000-0hm, Ys-watt resistor
R5—1-megohm, Ys-watt resistor
R6,R7T—1000-ohm, Va-watt resistor
R8—56-0hm, Yo-watt resistor
R9,R10—100,000-0hm, Yo-watt resistor
R11-R17—2200-0hm, Ys-watt resistor
R18-R24—22,000-0hm, Yo-watt resistor
R25—10,000-0km, Yo-watt resistor
$1,52—Spst, normally open pushbutton switch
T1—External transformer; secondary: 6-8 V

at 1.75 VA (plug-in telephone dial-light
type, available from most telephone equip-
ment distributors)

V 1-—9-pin, seven-segment readout tube (RCA
DR2000 or similar)

Misc.—Printed circuit board, Molex pins,
9-pin tube socket, cabinet, etc.

Note—The following are available from Car-
ingella Electronics, Inc., Box 327, Upland,
CA 91786: PC board #SDC-1PC, drilled
and etched, at $6.95, postpaid in USA ; com-
plete kit including cabinet, all parts, ac
power pack, hardware, wire, solder, and
instructions, at $37.50 plus $1.50 for han-
dling and shipping. California residents,
please add 6% sales tax.

D
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Fig. 3. The actual-size foil
pattern above can be used to
make a printed circuit board
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“Hurry-up” logic is built into the circuit
to speed up the counting process when it is
necessary to set the time. An externally
operated switch (S2) bypasses the first
divide-by-60 divider, increasing the count
speed by a factor of 60. Another switch (SI)
bypasses the first three dividers, increasing
the count speed by a factor of 3600. These
two switches are used to set the clock.

Since only one digit is displayed at a
time, some means is required to sequen-
tially switch the hours and minutes lines to
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the display tube. This is accomplished by
teeding the count outputs of all six counters
to an internal output multiplexer (MUX).
The MUX is esseutially an electronic four-
pole, six-position switch, which is continous-
ly being operated through its six positions
in the following order: seconds, tens of
seconds, minutes, tens of minutes, hours
and tens of hours.

The speed and position of the MUX are
controlled by its associated multiplex di-
vider/decoder and an external oscillator

POPULAR ELECTRONICS Including Electronics World



This photo shaows how the parts were
assembled in the author’s prototype.

connected to its input. The BCD output of
the MUX is fed to an on-off (output strobe)
gate and then to a programmable read-only
memory (PROM). The PROM is pro-
grammed during manufacture of the IC to
translate the various BCD data into the
seven-segment code required by the display
tube.

The outputs of the MUX decoder (six but
only four are used here) can be used to
find out what position the MUX is in. Only
one of the six is on at a time.

From the preceding description of the
LSI-MOS integrated circuit, it will be noted
that the multiplexer operates backwards
from the desired sequential display order.
Instead of going from tens of hours down to
seconds, it sequences from seconds up to
tens of hours. It also has the ability to dis-
play six digits, and we want only four. In
this clock, the circuits external to the IC
reverse the apparent direction of the MUX
and eliminate the seconds and tens-of-sec-
onds displays.

Unijunction transistor Q3 operates as a
free-running relaxation oscillator providing
pulses about 12 milliseconds apart to drive
the multiplex divider/decoder. The period
of this oscillator is determined by CI and
the parallel combination of R4 and RS5.
These pulses are also fed to IC1, operating
as a divide-by-five circuit. On every fifth
pulse, FET Q2 disconnects R4, leaving only
R5 to charge capacitor C1. This increases
the length of the interval between pulses 5
and 6 from about 12 milliseconds to about
750 milliseconds. The time periods or in-
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tervals between oscillator pulses are the
times when the BCD outputs of the MUX
have information to display.

By gating the outputs through Q4 with
the MUX output from the individual switch-
es, the strobe gate blanks the seconds and
tens-of-seconds displays. Additional gating
(D12) is employed to blank the display
during the short intervals hetween 5 and 10,
10 and 15, 15 and 20, etc.

Transistors Q5 to Q11 are display drivers
for the individual incandescent filaments of
the readout tube. The common end of all
seven filaments (pin 2) is connected to the
positive side of the power supply through
DI14.

The power supply consists of a plug-in

ower transformer, four silicon rectifier
diodes (D2 through DS5) in a bridge con-
figuration and filter capacitor C3.

Construction. Although the Monodigi-
chron can be built on a piece of perf board,
a printed circuit greatly simplies construc-
tion and reduces errors. A foil pattern is
shown in Fig. 3, with a parts placement
diagram. Normal precautions should be
taken with the close conductor spacing on
the PC board. A low-power soldering iron
and fine solder should be used. If a large
iron must be used, a small tip made out of
#14 or #12 bare copper wire should be
used. Observe the polarities of diodes, ca-
pacitors, and transistors.

Although IC2 is relatively rugged, it is
recommended that no soldering be done
directly to the IC pins or to the board after
the IC has been installed. Molex pins are
suggested to form sockets for the two IC’s.
Do not apply power to the board until the
IC’s have been installed.

The cabinet for the Monodigichron can be
of any size and shape. The prototype cabi-
net is made of ¥” walnut with 1/16” smoked
grey plexiglass and brushed aluminum.

Operation. A final check should he made
of the circuit and construction before plug-
ging the transformer into an ac outlet. If
everything is OK, plug in the transformer.
The clock will immediately start doing
strange things. Ignore them. Depress the
fast set button (S1) and hold it for a full
minute. Release the button and observe the
display for a few minutes. Depress SI and
S2 one at a time for short periods to get a
feel for their operation. Then use them to
set the clock and let it run. ®
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services. Without this skill, we would be unable to monitor
the heartbeat of men in space. Without it, the computer
revolution would never have occurred. And we would have
yet to see our first TV show. Yet, only CRE/ teaches
electronic circuit design at home.
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Drops the Gauntlet
withits*Yario-Matrix’
Sysitem

AUDIO

9

HOW THE LATEST QS MATRIX SYSTEM
MINIMIZES SEPARATION SHORTCOMINGS

BY JULIAN D. HIRSCH, Hirsch-Houck Laboratories

ACH of the several matrixing systems that

have been proposed for 4-channel disc
recordings represents certain compromises
in channel separation and ability to repro-
duce signals in their correct amplitude and
spatial relationships around a full 360°
circle. The compromises extend to com-
patibility between 4-channel and 2-channel
stereo as well as monophonic reproduction.
(For example, with certain matrices, an
instrument located at center rear may be
heard at reduced level in stereo and pos-
sibly not at all in mono.)

The controversy over “optimum” matrix
coefficients continues unabated, principally
between two major competitors: CBS, de-
veloper of the SQ matrix, and Sansui, who
originated the QS matrix (also identified by
Japanese industry standards as the RM,
or regular matrix). One point of agreement

seems to be that, with either system, a
basic decoding matrix cannot match the
channel separation of the original 4-channel
master tapes. But each matrix system has
been improved. Whereas the original SQ
matrix had only 3 dB of front-to-rear separa-
tion, there are now SQ and QS decoders that
can achieve as much as 20 dB separation.
Matrices incorporated into receivers are not
as sophisticated, though, doubtlessly due to
the high cost of complex circuitry.

To some degree, the separation short-
coming can be overcome by exploiting the
psychoacoustic effects which allow the hu-
man listener to recognize directionality
even when the electrical channel separation
is poor. As a further aid, the full potential
of the SQ system can be realized by using
a gain-riding logic circuit that constantly
compares the four chamnels and shifts their
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Function switch of a Sansui
receiver which uses the
Vario-Matrix system in its
QS regular matrix decoder.
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Fig. 1. Test setup used to demonstrate the separation of the Vario-Matrix system.

gains to enhance the apparent separation.
Although this technique can be very effec-
tive, it is possible under certain condi-
tions to hear the sudden level drop in sound
trom one speaker as the dominant sound
shifts to another speaker. Again, technol-
ogy will likely find a solution to eliminate
this presently amnoying problem.

The most advanced form of SQ uses wave-
matrix logic and wvariable blending. The
QS “Vario-Matrix” system’s operation fol-
lows.

Sansui's Investigations. Reccently, Sansui
has been investigating the psychoacoustic ef-
fects underlying the detection of sound
source direction detected by the human ear,
with the goal of optimizing the performance
of their matrix system. A paper by Mr. R.
Itoh (developer of the original QS matrix)
and Mr. S. Takahashi of Sansui, presented
in Septembr 1972 at the Audio Engineering
Society Convention (from which our il-
lustrations were taken), summarized their
findings and offered some thought-provoking
conclusions.

The emphasis was on the phenomenon of
“masking,” in which one sound dominates or
is heard to the exclusion of another because
of their relative levels and arrival times at
the listening point. Perhaps the most widely
known masking effect is ordinary loudness
masking which occurs when there is a large
difference (30 dB or more) between two
sounds. The weaker sound is not heard at
all. A common example of this is the effect
of program material on background noises
such as hiss and hum. The noise may be
plainly heard in the absence of a program
but is completely inaudible at normal pro-
gram levels.

One of the basic effects responsible for
dirvectional localization in both 2- and 4-
channel listening is forward masking. The
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first sound to reach the listener’s ear estab-
lishes the apparent direction of the source—
so long as the second arrival occurs within
25 milliseconds. If the time interval is great-
er, the second sound is heard as an echo or
as coming from a distinctly different sound
source. According to the Sunsui paper, for-
ward masking can occur even when both
sounds are of the same loudness level.

Another phenomenon is that of hackward
masking. IHere, the observed direction is
established by the sccond sound to arrive at
the listener’s ear. This has been found to
happen when the second arrival occurs at
least 25 milliseconds after the first if the
second is 10 dB louder than the first. If the
time interval is less than 25 milliseconds,
the directionality of both sounds is obscured.
It was also observed that a second arrival
20 dB stronger than the first would estab-
lish the apparent direction of the source with
a time difference as small as 10 milliseconds.

Based on these muasking effects, Sansui
reasoned that a 4-channel muatrix system
could produce cffects cquivalent to a dis-
crete system if it compared the loudness
levels of the four channels and emphasized
the loudest channel to produce the clearest
directionality bv masking. It wus expected
that weaker sounds occurring within cer-
tain time intervals, hoth preceding and fol-
lowing the loudest sound, would still he
heard at the approximatelv correct levels,
though with reduced directionality (unless,
of course, they were so weak as to be ob-
scured by loudness masking). Since these
masking effects are always present during
4-channel listening, the question was raised
as to the uctual necessity of transmitting the
masked channels through a fully discrete
system.

The Vario-Matrix System. This is the prin-
ciple of the Sunsui QS “Vario-Matrix” sys-

45



tem. It continuously scans the phase and
amplitude relationships between the total
left and right signals, sensing their levels
and timing the dominant sound source di-
rection on a 4-channel basis, and uses this
information to modify its own matrix coef-
ficients. The system utilizes a time constant
of less than 10 milliseconds to improve chan-
nel separation in all directions without
changing the total output level or that of
any of the four inidivdual channel outputs.

A test setup used by Sansui to demon-
strate the separation of the Vario-Matrix
system is shown in Fig. 1. A 1000-Hz signal
was fed to the Ly input and a 3000-Hz signal
to the L, input of a QS encoder. The othe:
channels were undriven. The encoded signal,
in 2-channel form, was then decoded by a
QS Vario-Matrix decoder, and the 1000-Hz
signal at each of its outputs was measured.
A trap was used to remove the 3000-Hz
components.

The purpose of the test was to determine
how much of the 1000-Hz signal appeared
in each channel output in the presence of
varying amounts of the 3000-Hz signal. The
3000-Hz level was not monitored, except to
establish its level relative to that of the
1000-Hz input. Since the QS matrix is

symmetrical, the same results would be ob-
tained if the 3000-Hz signal were measured
and the 1000-Hz signal were used as a con-
trol.

A plot of the four outputs is shown in
Fig. 2, where the separation of the Vario-
Matrix is shown against two simultaneous
input signals. To interpret these curves,
bear in mind that they pertain only to the
measured 1000-Hz output. The relative
levels of the four outputs are plotted on the
vertical scale in decibels (dB), and the
horizontal scale shows the ratio between the
Ls (1000-Hz) and L (3000-Hz) input
levels, also in dB. Nothing else on the graph
pertains to the 3000-Hz signal. At the center,
L equals Ly; in the left half of the graph,
Ly is larger than Ly, and in the right half,
Ly is larger than L.

Starting at the right side of the graph,
when Ly is 10 or 20 dB stronger than Ls,
the 1000-Hz levels in the Ls, Rg, and Rs
outputs are 20 to 25 dB lower than the Ly
output. As the 3000-Hz level is increased,
there is little change in the 1000-Hz distri-
bution until the Ly input is only about 3 dB
lower thau the Ly input. When the two are
equal, the desired signal in the L. output
has dropped about 2 dB, but the Ly and Re

LF input=1kHz (Measured at 1 kHz)
0+ Lg input = 3kHz LF Youed 0
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Fig. 2. Graph showing the four outputs as a function of left-front to left-back ratio.
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outputs are about 10 dB below that level,
and the R, separation is about 13 dB.

As the Ly input exceeds the Ly input, we
move to the left half of the graph. The Le
output remains essentially constant, at a
level of —2 to —3 dB, and the Ry and Lg
outputs are also at the same level when the
3000-Hz Ly input is at least 10 dB greater
than the L, input. The Ry output still shows
a good separation of about 8 dB (across the
front of the listening area) relative to the
L. output.

It must be appreciated that under these
circumstances the 3000-Hz Ly input be-
comes the dominant signal. And, since it
appears in the Ly output at a level at least
10 dB higher than that of the 1000-Hz cross-
talk from L., the audible separation of the
two signals is maintained. The low-level
1000-I1z outputs of the other channels are
not suppressed; they contribute to the total
sound output, though not to the apparent
source of the sound since they are heard
essentially as monophonic sounds.

This is the most noteworthy feature of
the Vario-Matrix system—the low-level Ly
signal, in the presence of a stronger Ly in-
put, is still heard at its normal level instead
of being suppressed as would happen with
gain-riding logic systems. Nevertheless, the
apparent direction of the sound source is
always determined by the dominant signal.

As a further refinement, Sansui splits the
audio spectrum into two frequency bands
and processes them through two separate
Vario-Matrices for the most effective con-
trol action.

The QS Vario-Matrix is applicable to the
playback of recordings originally encoded
for the standard QS matrix. There is an im-
plication that newer recording techniques
can produce even more channel separation
with the Vario-Matrix.

As this article was written, the Vario-
Matrix was available only in the Sansui QRX
series of 4-channel receivers. Ilowever, since
this system is now available on a licens-
ing basis to all interested manufacturers
world-wide, we expect to see it included
in other Sansui receivers in the future and
possibly as an add-on accessory for other 4-
channel systems, the latter possibly by the
time you read this.

Having listened to a demonstration of the
system in operation both at the Audio En-
gincering Society N.Y. convention and else-
where, we can testify that the Sansui QS
Vario-Matrix appears to provide a fully
“discrete” sound character, with no evidence
of the side effects sometimes experienced
with gain-controlled matrices. Clearly, in
the three-way battle between the two major
matrix systems and discrete discs, the issue

is far from decided. ®

CHU—TIME SIGNALS FOR EVERYONE

ADIO station CHU, geographically lo-

cated in Canada and frequency spotted
at 3330, 7335, and 14,670 kHz on the dial,
has long been a favorite of hams, SWL’,
and sportsmen. CHU announces EST (East-
ern Standard Time) in French and English
every minute. In addition to giving time
signals, the CHU frequencies also provide
a convenient reference standard for hams
due to their proximity to the 80-, 40-, and
20-meter bands.

The basic signal format is a pulse each
second, except for the 29th which is skipped
to identify the half-minute mark and the
51st through 59th which are replaced by
the voice announcement. During the first
quarter of each minute, some of the pulses
may be split; the number and positions of
these pulses indicate the error between

Universal Time (based on the Earth’s rota-
tion; it varies) and Atomic Time (a con-
stant). This error is always less than one
second.

The staff of CHU welcomes reception re-
ports. They ask that when muking reports
vou include details of readability and in-
terference, if any. All reports are acknowl-
edged with the station’s distinctive QSL
card. Reports should be sent to: National
Research Council of Canada, Ottawa, On-
tario, Canada, K1A OS1, marked for the at-
tention of the Time & Frequency Section.

If vou would like more information about
CHU, write to the same address and re-
quest a free copy of Time Scrvice Bulletin
No. B-27. This handy bulletin explains
Universal Time and the Atomic Time rela-
tionship. —D.]. Holford
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UNDERSTANDING

NAB TAPE

PLAYBACK EQUALIZATION

WE HAVE received a number of inquir-

ies referring to what appears to be a
disturbing contradiction with respect to the
nature of NAB tape playback equalization.
The seeming contradiction can be seen by
referring to the curves in Fig. 1 and Fig. 2,
both of which pertain to tape speeds of 7%
and 15 ips.

The curve in Fig. 1 shows that playb<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>