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NOW you can train at home building

a NEW 25.....Solid State Color TV
engineered by NRI for learning and
trouble_shooti ng 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 35 to $7

an hour servicing color sets in vour spare time.

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

New square-cornered
Sylvania picture tube

100% solid
state chassis

6-position detented UHF channel selector

YOU GET MORE

- FOR YOUR MONEY FROM NRI
with plug-in 3

circuit boards

Automatic
degaussing . j
Automatic fine tuning

Automatic
tint control

/
Automatic
color control
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NRI FIRSTS make learning Electronics fast and
fascinating—to give you priceless confidence

FIRST to give you a complete programmable digital ccoputer,
with memory, you build yourself . . . to learn organization, opera-
tion, trouble-shooting and programming. This remarkabl> cora-
puter is one of ten training kits you receive with the new NRI
Complete Computer Electronics Course.

T T S

FIRST to give you true-to-life experiences as a Ccomtnica-
tions Technician. Every fascinating step you take in NRRI Comnu
nications training, including circuit analysis of your owr 15-watt,
phone/cw transmitter, is engineered to help you prove tkecr and
later apply it on the job. Studio equipment operation anz trovtle
shooting become a matter of easily remembered logic.

FIRST to give you completely specialized training kits engi-
neered for business, industrial and military Electronics ~echnol-
ogy. Shown is your own training center in solid-state ma-3~ comtrol
and analog computer servo-mechanisms. Telemeteriaz c rcuits,
solid-state multivibrators and the latest types of integretec dreuits
_are included in your course.

JULY 1973

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 themore
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

AN ADVANCE IN PERSONAL COMMUNICATIONS

Just imagine that you have one of those new compact telephones with
pushbutton dialing with the buttons mounted right on the handset.
Imagine further that this handset has no connecting wire to the base
of the phone and that it could be put into your coat pocket or
briefcase and taken with you in your car, boat, taxi, and kept with
you throughout the day in your travels in the city. Finally, imagine that
you could use this handset wherever you were just as though it were
connected to its base at your home, office, or store. What a convenience
this wireless telephone would be if you were riding in a car or taxi,
walking down the city’s streets, sitting in a restaurant, or were anywhere
that conventional “tied to the wall” phones were not available.

Well, this can now be done with a new hand-held radiotelephone that is
part of Motorola’s presently experimental Dynatac™ system.

Hams, CB’ers, and other communicators have been using hand-held
transmitter/receivers for some time. Hams and others have also been
getting increased range and coverage from their low-power hand-held

rigs by using remote repeaters that amplify and rebroadcast their weak
signals to other similar rigs within range of the repeater (see

“Amateur 2-meter FM Repeaters’ in our May issue).

But this new hand-held Motorola rig does much more, thanks to the
use of large scale integrated circuits. Circuits for the dialing
pushbuttons are included along with circuitry for full duplex operation.
This means that two channels are used at a time so that one party
can interrupt the other and need not wait until the other party stops
talking as is the case with the ham rigs and simpler radiotelephones.
Repeater stations will be required throughout the area that is to be
serviced by the new system, and these stations will be able
to be automatically patched into the world-wide telephone network.

The FCC is currently trying to encourage some more action in the
upper uhf TV channels from channel 70 (806 MHz) through 83 (890 MHz);
they are encouraging industry to come forward with new two-way
radio uses for this band. This new portable radiotelephone system is
one answer to the FCC's request.

After the company gets the FCC’s approval to go ahead, they plan
to spend about $5 million setting up repeaters all over the
island of Manhattan and then expand into the city’s other four boroughs.
Regular commercial use of the system is not expected before 1976
and the initial user costs will run about $60 to $100 per month. At these
rates only those who really can use the system will have it.

Business executives, salesmen, doctors are just some of these. But
equipment costs and prices are expected to drop soon so that
other users will be able to be served.

And for those who don’t want to be disturbed by the phone bell
when they are away from home or the office, they can either hide
in a subbasement or elevator where radio waves can't reach them, or
they can simply switch the unit off.

6 POPULAR ELECTRONICS Including Electronics World
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from Mallory.
And it’s all do-it-yourself.

The Mallory line of security products

is not only the most corplete line you
can get anywhere, it's also just about
the easiest to hook up. It's genuinely

a do-it-yourself line.

Especially the comp ete systems.
From complete home intrusion alarm
systems (plug-in or wirz-in) to smoke
alarms and car alarms.

And we have all the accessories you
need to expand and adapt any of these
systemsto your specific security needs.

Look for our security systems and
accessories on display in their bright,
new packages (with installation direz-
tions printed right on each package).
It's all atyour Mallory distributor’s ncw.

Send for our new Security Systems Catalog 9-654.
It describes and explains how to use every item we have.

— ———/ MALLORY DISTRIBUTOR PRODUCTS COMPANY
MALLORY

& division of P. R. MALLORY & CO. INC.

Box 1284.

a1 383

CIRCLE NO. 22 ON READER SERVICE CARD
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NOW, FOR ANY
ASSIGNMENT...

with different
tool selections

Model TC-100/ST

Model TC-200/ST

Technicians, servicemen, field engineers: Here's the ideal
combination — Xcelite professional hand tools made to
highest standards for any job...ali housed in a rugged,
attractive attaché style case personalized with your initials.
Tools neatly mounted in see-thru pockets on removable

pallets and trays ... plus generous space for individualized |

selection of test instruments, parts boxes, soldering gun
and other tools.

Your choice of two: Model TC-100/ST provides a larger, yet
compact case containing an extensive selection of 41 indi-
vidual and 13 interchangeable tools with 3 handles, and 5
separately cased sets of specialized drivers. Model TC-
200/ST offers an economical but extremely versatile selec-
tion of 10 individual and 28 interchangezble tools and
handles for less demanding work.

WRITE FOR nationwide availability through
BULLETIN N273. fecal distributors

- —— = ——-—
| |
| |
l XCELITE, INC. » 20 BANK ST., ORCHARD PARK, N.Y. 14127 I
| Send Bulletin N273 on Attaché Tool Cases. |
| I
| name [
| address l
|

| city state & zone |
[ _ -

CIRCLE NO, 32 ON TEADER SERVICE CARD

!

|

_ Letters

EIA DOESN'T MAKE OR SELL AUDIO TAPE

We wish to thank vou very mmuch for an-
nouncing the availability of a new EIA Test
Tape Standard, RS-400, in New Products ( April
1973). The Electronics Industrv  Association
does not market an audio test tape. EIA Stan-
dard RS-400 is a detailed voluntary industrv
standard of how audio test tape should be pro-
duced. To clear up this confusion, we are re-
turning all orders for EIA RS-400 which refer-
ence the PoruLar ELEcTRONICS announce-
ment, along with an explanation of exactly
what the Standard contains.

AM. WiLson, Manager
Engineering Department
Electronic Industries Assn.
Washington, D.C.

“MUSCLE WHISTLER' WINS FIRST PRIZE

A while back, I decided to build the “Muscle
Whistler” (November 1971) for my science
fair project. With this project I won first prize
in the individual competition in the science fair.
I was awarded $15 and a plaque, and my photo
was published in our local newspaper, accom-
panied by a few short paragraphs regarding the
project.

BiLL MERLEVEDE
Oakyville, Ontario, Canada

Congratulations, Bill. We note from the
newspaper account that you're a seventh
grader. This leads us to wonder what types
of projects you will he tackling when you get
into high school.

WE TAKE EXCEPTION TO . ..

We read with interest “Cassettes For Perfec-
tionists” ( Stereo Scene, March 1973). While a
considerable amount of enlightening informa-
tion was given, certain segments of the article
—particularly as to life expectancy—are mat-
ters to which we wish to take exception. While
some companies have found that their products
lose more than 2 dB of output at 15,000 Hz
after only five plavs, this information is mis-

| leading since it seems to imply that all cas-

settes are subiject to this phenomenon.
We keep a daily analytical record of every
batch of tape we manufacture. In the last 2%

POPULAR ELECTRONICS Including Electronics World
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years of production, on both our UD and LN

cassettes, we have never observed this exceed-

ingly severe loss. As a matter of fact, our tests

indicate less than 1.4 dB of loss at 18,000 Hz

after ten plays, with a stabilization at 1.9 dB

after 35 plays. This kind of loss is inaudible

and represents less quality degradation per play

than successive plays of an LP record or any
other commonly used recording medium,

Davip B. MoNsON, Pres.

Muarketing World, Ltd.

Technical Consultants to

Maxell Corp. of America

ANOTHER ELECTRONIC POLLUTION
WRINKLE

“Electronic Pollution” (April 1973) set me
to thinking about a tunable pulse I had been
picking up on the BCB at around 1490 kHz
all winter long. I live way out on the prairie, 45
miles from a city of any size. So, I began to
look around the ranch for the source of the
pulse. T found nothing to blame it on, not even
an omni-range station some 12 miles away.

At first, I thought my receiver had a faulty
capacitor in it. But before tearing into it, 1 tried
out two more receivers; they both picked up
the pulse. Then, after reading your article, 1
rigged up a transistor receiver with a loopstick
antenna as a direction finder. Imagine my sur-
prise when, abont two miles from home, I

electric fence. So, author Webb Garrison can
add one more source of electronic Follution (at
least to rural people) to his list: Electric Fence
Interference.
Ess W. SPEER
Arnett, Okla.

A “SEIZURE" IS NOT A “FIT"

In “Flash Tubes: Operation & Applications”
(January 1973) an epileptic “‘seizure” is erro-
neously referred to as a “fit.” The word “fit” is
a throwback to the times when epileptics were
considered to be “possessed” by demons. In
the future, I hope that you will refer to
epileptic seizures as such. The word “Ht” is
hardly proper in these enlightened times.

Ternry FucaTe
Lexington, Ky.

Please excuse us for the unfortunate use of
an archaic term.

QUALITATIVE FEEDBACK

I read with interest “Rock Music & Noise
Pollution” and “How We Hear the Way We
Do.” With the high sophistication and often
staggering investment that are found in elec-
tronic reproduction systems, the public is woe-
fully ignorant of hearing and the man-machine

pinpointed the source. It was my neighbor’s

interface. T'll soon receive my doctorate in

SAVE MONEY!

A Delta Mark Ten Capacitive Discharge Ignition
(CDI) System On Your Car Slashes Maintenance
Costs And Increases Performance.

Put a Mark Ten on your car and save by elimi-
nating 3 out of 4 tune-ups. Save as gasoline mileage
increases (up to 20%). The Mark Ten CDI system
also extends spark plug life, promotes more com-
plete combustion and assures instant starts in all
weather. It operates on any 6 or 12 volt negative or
positive ground system.

The Mark Ten B affords additional money sav-
ing advantages by drastically reducing combustion |
contaminants and restoring power lost by the use I
of smog control devices. Equipped with handy !
switch for instant return to standard ignition, the |
Mark Ten B works with ANY 12 volt negative ground !
engine. Both systems install in ten minutes with- |
out rewiring. !
Order your Mark Ten or Mark Ten B today. Save }

|
|
|
I
|
|

Dept. PE

DELTA PRODUCTS, INC.

P.O. BOX 1147 + GRAND JUNCTION. COLORADO 81501
PHONE: {303) 242-9000

I

|

|

Please send me literature immediately: |

Enclosed is $ . . |

0 Ship ppd. [J Ship C.O.D. |

Please send: . Mark Ten B @ $59.95 ppd. |
___ Standard Mark Ten (Assembled) @ $44.95 ppd.

. 6 Volt: Neg. Ground Only __ Positive Ground :

|

I

|

I

I

money while you enjoy low maintenace and in-
creased performance.
Mark Ten (Assembled) $44.95 ppd.

— 12 Volt: Specity ___ Negative Ground
___ Standard Mark Ten {Deltakit®) @ $29.95 ppd.
(12 VoIt Positive Or Negative Ground Only)

Mark Ten (Deltakit) $29.95 ppd. Mark Ten B $59.95 ppd. Car Year Make
(Kits available in 12 volt only, (12 volt negative ground only} Name
positive or negative ground) NG drase
Superior Products at Sensible Prices City/State Zip

Mfg. in US.A.
CIRCLE NO. 7 ON READER SERVICE CARD
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Dreaming about
a pair of $300
condenser
microphones?

Think seriously
about these:

$39.75each!

e Model 1710 Electret
Condenser Omnidirectional Microphone

All of the great condenser advantages are.
here without compromise. Flat, extended
range, excellent transient response, high
output, low noise, and ultra-clean sound.
But the new E-V electret condenser micro-
phones need no high voltage power supply.
Just an AA penlite battery to operate the
built-in FET impedance converter. The result
is studio performance without complications
and at a dramatically lower price.

There are 4 new E-V electret microphones,
including cardioid models, from $39.75 to
just $75.00, audiophile net. Second-
generation designs with unusually high
resistance to heat and humidity. Hear them
today at your nearby Electro-Voice sound-
room. Or write for details.

More U. S.recording studios use Electro-Voice

microphones than any other brand.
*Suggested retail price. Microphones shown on Model 421

Desk Stand. $12.00 each.
aGulton

ElecthoYores -Surn

ELECTRO-VOICE, INC., Dept. 732P

630 Cecil Street, BuChanan. Michigan 49107

In Europe: Efectro-Voice, S.A., Romerstrasse 49
2560 Nidau, Switzerland

CIRCLE NO. 13 ON READER SERVICE CARD

sensory psychology with a specialty in audition.
As such, T feel that T have some obligation to
provide a little qualitative feedback for your
commendable publication efforts.

Mr. Silver’s article (“Rock Music . . .”) is
good. It is a basic presentation of the “facts” as
we now know them. It is especially good be-
cause Mr. Silver did not go beyond the facts to
incorrect generalizations. Mr. Kenney’s article
(How We lear . ..”) is not as good, but it at-
tempts to cover more difficult material. His
conclusion that “the factor of prime importance
in sound localization is intensity difference,
with phase difference a Aecondary factor” is
simply incorrect. Our laboratory has shown
just the reverse. The article presents an assort-
ment of existing evidence, vet it blunders on
several points. However, it is a difficult subject
to cover in simple words.

Jou~ R. Lakey
Austin, Tex.

MORE ON P.C. VERSUS “PERF” BOARDS

In the April 1973 Letters cohumn there was a
letter concerning the distinctions between
printed circuit and perforated boards. 1 agree
with reader Walkup’s comments 100 percent. I
disagree with the justifications you gave for
PC etching and drilling guides in your answer to
Mr. Walkup’s letter. I feel that you should
provide both PC and perf board diagrams in
your construction articles. Also, I see nothing
wrong with hand wiring.

NoeL CORNMAN
Los Angeles, Calif.

There is no need to publish two types of dia-
grams because in either case the components
would be laid out in the same manner. The PC
etching guide can simply be used as the wiring
guide for perf board assemblies. Nor do we
have any prejudice toward Fand wiring. In any
event, we only suggest a method of assembly;
the reader is free to choose any alternate
method he desires.

FORGET THE DIODE—TUNE YOUR ENGINE

The suggestion of installing a diode between
the ignition switch and alternator lamp in a
car (“Stopping Engine Run-On,” March 1973)
to stop dieseling is only a compromise solution
to the problem. The hest way to really solve
the problem is to get the engine idle properly
set, since the most common cause of engine
run-on is too fast an idle set

W. ARTHUR
Birmingham, Mich.

Agreed, but most of us can barely tell the
difference between the ignition and the trunk
keys on a car without first trying them. For us,
then, a 50¢ diode installation is a whole lot
cheaper than $15 or more for a tuneup.

POPULAR ELECTRONICS Including Electronics World
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Hobbyists-Experimenters...for the

FIRST TIME EVER
from MOTOROLA HEP

LED 7-Segment Numencul

Your local Motorola HEP supplier
currently has a limited guantity of if {
HEP’s HEK-5 red solid-state readout 1 - A ———
kits available. Now, at a price you | 11
can afford, you can experiment with
the same reliable, high quality read-

TR ORI Y ey
——————
(-
Wi /
\\@1

S ~
e

outs that are used extensively in ™ \/

test instruments, computer periph- { s /

eral equipment and calculators. The & ) —
devicas read from0to 9, each incor- L i

porale a decimal point and are i Only

100% functional. 5 $9.98 per kit!

MOTOROL A - ¥

In addition to four readouts, the HEK-5 kits include custom circuit
designs and parts lists for a digital clock, a voltage converter and
a digital stop watch. All of this for $9.98 per kit.

o8 SEE YOUR NEAREST HEP SUPPLIER TODAY

SEMICONDUCTORS for a de-lightful surprise.

JULY 1973 1
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Stereo Scene

~

J

TAPE recorder is a very versatile device.

Its versatility has, in fact, been illus-
trated many times in those booklets and
magazine articles describing fifty (or one or
two hundred) tape recorder applications
that vou never would have thought of by
yoursclf. Let’s face it, though, for every
tape-recorder owner who uses his machine
for plaving party games, brushing up his
conversational Spanish or recording his
own home-movie sound effects, there are
thousands who use theirs for one thing: tap-
ing, off the air, music from commercial re-
cordings which for one reason or another
thev would rather not buy. This is on the
edge of being unethical, but it is not il-
legul, and since it will be done anvway, I
am doing no one any disservice by explain-
ing herein how it can be done better.

What to Record. First, what are you
going to record? If you just want to reel off
an hour of background listening, you may
get better results by reading this, but since
nobody listens to background musie anvway,
it doesn’t really matter. So I will assume
that, instead of just taping some deejav’s
afternoon show, vou are interested in get-
ting some specific musical selections. The
second question, then, is: “When will the
music vou wish to record be Dbroadcast?”
This is not ahwvays easy to determine.

Taping
Off the Air

By J. Gordon Holt

If you're after classical works, it is likely
that most of your listening is to a classical-
music station or a so-called “cultural affairs”
station, and both types usually issue their
own monthly program guides. If you're not
already subscribing, do so.

Newspapers, which used to publish de-
tailed radio schedules, generally limit them-
selves to TV schedules these days, and the
few that still acknowledge that radio does
indeed exist are of little help to the off-the-
air recordist, for they rarely specify which
selections will be played on a particular
program. They figure it is enough for you
to know that on Thursday night at 8 p.m.
there will be a Boston Symphony Orches-
tra broadcast. Short works like overtures,
intermezzos and so on are seldom listed in
program guides, so if voure after some of
these, your best bet is to keep the recorder
loaded and all ready to go (with levels and
balances pre-set) so that, as soon as you
hear the announcer introduce something vou
want, you can leap up and start things run-
ning in time to catch the first note.

For the pops collector, things are more
difficult. Program schedules rarely list spe-
cific pop selections—the best you can ascer-
tain as a rule is that such-and-so perform-
ing group will be featured at a certain time.
If yvou want to copy pops, you're better off
doing it from borrowed discs. If you must
do it from FM, then the standbv approach
mentioned previously is probably the best
wayv. On the other hand. you can use a scat-
ter-gun approach, which involves loading
the recorder with as much tane as it will
accept, and just letting it run for the dura-
tion of each program that is likely to broad-
cast what vou're after. You then have the
option of editing out the desired take (as-
suming vou get it) or copying it off onto
another machine. If you want to get a se-
lection complete from start to finish, though,
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73 HeathKit
Gatalog

Shown below are only a few of the more than 350 kits
fully described in the 1973 Heathkit catalog. Kits for
every interest, every budget...including color TV;

stereo systems; electronic organs; marine equip-
ment; a kitchen waste compactor; home intercoms
and protection systems, garage door openers;
table radios; portable radios and phonographs;
guitar amplifiers and accessories; educational
electronic workshops for youngsters and
adults; tool sets; electronic test instruments;
amateur and shortwave radio gear; radio-con-

trol equipment; metal locators.

Can you build a Heathkit? For 25 years peo-

ple just like you have been doing it~ armed
with no more than a soldering iron and a
few conventional hand tools.

No matter how complex the kit, the man-
ual reduces assembly to a simple step-
by-step operation. Add to that the availa-
bility of the technical correspondence
department here in Benton Harbor, and
service people in 36 retail stores
across the country, and you see why
we say "“‘we won't let you fail.” And
finally, building a Heathkitis fun,
pure and simple. The coupon below
gets you started.

Heathkit 50-watt
Stereo Receiver. $169.85°

Heathkit Deluxe Meta) Heathkit VHF/FM Band- Heathkit Heathkit 6-Digit Electronu: Heathkit 25V Solid-state
7 Locator has submersible Scanning 8 channel Cassette Deck, Clock-Atarm. $54 Color TV with detent
¥ sensing head. $89.95* Receiver. $119.95* Dolby Circuit. $249.95* power tuning. $589.95*
@D
bs
NEW Heathhit NEW Heatnkit 8- Heatnkit NEW Heathkit NEW Heathkit NEW Heathkit Small- NEW Heathkit
Ultrasonic transistor AM Radio 212 Digit 8-digit pocket 8.digit deskh‘) engine Tune-up Meter 2-Meter Amateur
fatrusion for first-time kit- VOM. $79.95* Caiculator. Cal Igt $79 ;’5, for 2- and 4-cycles, Transceiver.
Alarm. $49.95°  buiiders. $14.95 $92.50° aicuialoriao: all ignitions. $39.95" 179.95°
Send Today for Your Free '73 Heathkit Catalog
HEATHKIT ELECTRONIC CENTERS [————— PO — e c—
ARIZ.: Phoenix, 2727 W. Indian School Rd.: CALIF.: Anaheim, 330 E. Ball Rd.; EI Cerrito, 6000 HEATH COMPANY, Dept. 10-7 i
Potrero Ave.; Los Angeies, 2309 S. Flower St; Pomona, 1555 Orange Grove Ave. N.; Redwood Benton Harbor, Michigan 49022
City, 2001 Middiefield Rd.; San Diego {La Mesa), 8363 Center Dr.; Woodland Hills, 22504 Ven- X
tura Bivd.; COLO.: Denver, 5940 W. 38th Ave.; CONN.: Hartford (Avon), 395 W. Main St. (Rte. [ ptease send FREE Heathkit Catalog.

44); FLA.: Miami (anleah) 4705 W. 16th Ave.; GA.: Mlanta, 5285 Roswell Rd; ILL.: Chicago,
3462-66 W. Devon Ave.; Downers Grove, 224 Ogden Ave_; IND.: Indianapolis, 2112 E.62nd Ave;

KANSAS: Kansas City (Mission), 5360 Lamar Ave.; MD.: Baitimore, 1713 E Joppa Rd.; ROCk- Nam ez

ville, 5542 Nicholson Lane: MASS.: Boston (Wellesley), 165 Worcester St.; MICH.: Detroit,

18645 W. Eight Mile Rd, & 18149 E. Eight Mile Rd.; MINN.: Minneapolis (Hopkins), 101 Shady Address _—
Qak Rd.; MO.: St. Louis, 9296 Gravois Ave.: N.i.: Fair Lawn 35.07 Broadway (Rte. 4); N.Y.:

Buffaio (Amherst), 3476 Sheridan Dr.; New York City, 35 W, 45th St.; Jericho, L.1., 15 Jericho City. State. 2ip
Turnpike; Rochester, Long Ridge Plaza OHI0: Cincinnati (Woodlawn)y 10133 Spr.ngfueld
Pike; Cleveland, 5444 Pearl Rd.: PA.: Philadelphia, 6318 Roosevelt Bivd.; Pittsburgh, 3482 W . .
Penn Hwy.; TEXAS: Dallas, 2715 Ross Ave.; Houston, 3705 Westheimer; WASH.: Seattle, 221 "Mail order prices; F.0.8. factory.  CL-470R
Third Ave.; WIS.: Milwaukee, 5215 Fond du Lac.
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avoid deejay shows. The “hosts” for these
generally feel it is part of their function to
babble over the first and last notes, and
may even interject “cute” noises during the
selection.

How Much Tape? For short selections—10
minutes or less—vou must decide for your-
self whether to aim for one or two per tape
side, or use the longest possible length of
tape and fill it up with shorties, using the
index counter for locating desired selections
later on. The short tape Thas the adv antage
of fast cueing of a desired work. but it also
has the disadvantage of short program time.
The long tape has the advantage of unin-
terrupted listening, but the disadvantages
are that yvou may not want to hear the selec-
tions in that sequence, and it is difficult to
replace one selection with another. If the
new recording runs shorter than the one
vou erase, vou'll have a long gap in the
program. If it runs longer, of course, you'll
erase part of the next one on the tape that
vou presumably want to keep. Also, digital
counter readings that vou write down as an
aid to locating selections will be worthless
if vou ever chanae tape machines. Differ-
ent recorders show different counter read-
ings for identical elapsed footage.

The most crucial aspect of off-the-air
taping is choosing adequate tape length, for
there are few greater frustrations than sit-
ting helplessly by while the tape runs out
five seconds short of the last note. So, be-
fore you start taping, make sure you have
more than enough tape on the recorder to
last through the selection.

There are several wavs of doing this. For
classics, get a copy of the Schwann record
catalog, look up the work vou plan to record,
and estimate as follows: Most disc sides are
25 minutes long, maximum. (Some monos,
a verv rare stereo, and no auadranhonic
discs, run for 30 minutes.) The Schwann
catalog will tell you what else is on the disc,
and if there are only two works, chances are
thev are neatly divided, one per side. A
%-hour tape will suffice. Use common sense,
though. If one is a symphony and the other
an overture or prelude, figure on 1% sides
for the longer work, and don’t depend on
there being a break while the broadcaster
flips sides. Manv stations have two copies
of each disc, or have the discs pre-taped, so
that thev can run continuously. Figure on
around 45 minutes or, to be very safe, one
hour of continuous recording capability. You
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can always fill in the leftover with something
else.

Four or more works on a disc are usually
of approximately equal length, while a “col-
lection” (Schwann’s classification) is typ-
ically five or six works on one disc. “Suites”
can vary widely in length, depending on
how many excerpts the conductor chose to
include, so try to judge length from the
other works on the disc. Two “suites” are
probalily one per side.

Operas are treacherous to tape, as thev
nearlv all outlast any tape (on a 7-inch reel
recorder), and thev may have act breaks in
the middle of sides. The safest thing here is
to use a 45-minute tape for each act, unless
vour familiarity with things like Wagnerian
epics suggests vou need an hour per act.

Estimating the tape needed for a pop
selection may be harder because, while
Schwann does list current pops, they list
them only by album title. Program guides
aren’t usuallv. much help, either, for the
same reason: they may list the performing
group that will be featured during a given
program, but they rarely list the selections
to be plaved. And you can't make generali-
zations, either. A pop selection may run
anywhere from 6 minutes or less up to a full
disc side, but rarely longer. If you've ever
heard the piece, vou should have some idea
how long it is. If vou don’t, use a %-hour
tape just to be safe.

Setting Up. I will assume that vou already
have the recorder connected properly to the
rest of your system (if not, read the re-
corder’s instructions) and are readv to set
recording level and balance. Both should be
pre-set for the station from which you're
going to record, and the simplest and easi-
est way is to use a mono 91011.11 source. Set
the (uner for mono leceptmn—q preamp’s
mono stereo switch does not affect signals
going to the tape recorder—and adjust both
VU meters for identical readings up to
(but not beyond) zero level (100%) on the
loudest musical passages of the preceding
program. Then restore the tuner to stereo
mode, and don’t touch your recording levels
thereafter. FN broadcasts, unlike the discs
they plav, have a very definite maximum
output level which it is illegal to exceed, so
most stations use limiters and compressors
to ensure that occasionally excessive levels
won’t go out over the air. If you note that
the levels are too high or too Tow when you
start taping, keep your hands off. Given a
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Are you playing your records
or ruining them?

If you're like most music listeners,
you never think about your records
after putting them on your record
player.

You just sit back and enjoy the
music.

Chances are you'd be less relaxed
if you knew that your records might be
losing something with every play.

Like the high notes.

It's something to think about.
Especially when you consider how
many hundreds or even thousands of
dollars you have invested in your
record collection. And will be investing
in the future.

What happens during play.

Even the cheapest record changer
can bring its tonearm to the record and
lift if off again. But what happens
during the twenty minutes or so of
playing time is something else.

The stylus is responding with
incredible speed to the roller-coaster
contour of the stereo grooves. This
action recreates all the music you hear,
whether it's the wall-shaking
cacophony of a rock band or the
richness of a symphony orchestra.

The higher the frequency of the
music, the more rapidly the contours
change, and the sharper the peaks the
stylus has to trace. If the stylus bears
down too heavily, it won't go around
those soft vinyl peaks. Instead, it will
lop them off. The record ~ Duer 1214
will look unchanged, but 48§
your piccolos will never
sound quite the same.
Nor will Jascha Heifitz.

It's all up to the

fonearm.
What does it

take for the stylus 7 78516950

to travel the obstacle course of the
stereo groove without a trace that it's
been there? It takes a precision
tonearm. One that can allow today's
finest cartridges to track optimally at
low pressures of one gram or less.
For flawless tracking, the tonearm
should be pertfectly balanced with the
weight of the cartridge, and must
maintain the stylus pressure equally on
each side wall of the stereo groove.
And in order to maintain this equal
pressure during play, the tonearm must
not intfroduce any drag. This requires
extremely low friction pivot bearings.
There is much more to the design
and engineering of tonearms and
turntables. But this should be sufficient
to give you the idea.

Dual: the music lovers' preference.

By now you probably understand
why serious music lovers won't play
their precious records on anything but
a precision turntable. And the most
serious of these people, the readers of
the leading music magazines, buy more
Duals than any other make of quality
turntable.

If you would like to know more
about Dual turntables, we'll send you
lots of interesting literature, including
an article on how to buy a turntable,
and reports by independent test |abs.
Or better yet, just visit your franchised
United Audio dealer and ask for a Dual

demonstrchon You will never have to

worry about your ®
records again.

i Ouct 1229 $225.00

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

Exclusive US Distribution Agency for Dual.
CIRCLE NO. 30 ON READER SERVICE CARD
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few seconds, vou will almost certainly see
the error corrected at the transmitting end.

You may-also notice that-the-stereo-trans-
mission does not usually give identical read-
ings on your VU meters. This is normal, for
stereo directionality is predicated upon im-
balances between the chanrels. Again, keep
your hands off the controls. Stereocasts are
frequently out of balance by a dB or two,
but this is well within the range of vour
plavback balance control, and if a tape is
imbalanced, it is best that it stay that way
for the duration of the recording, so that any
correction you make during playback will
remain correct. If you adjust balance while
recording, vou'll have to do it several times
during each playback of the tape.

Editing on the Recorder. It does not pay
to try to start your recording between the
end of the introductory announcement and
the beginning of the music. Usually, vou
will succeed only in chopping off the first
note of the music, or in laving a half sec-
ond or so of flutter through the opening
measures. It's best to start recording during
the announcement, and then go back later
on and erase the unwanted lead-in. This is
easilv done in the copyving if vou're scatter-
gunning. If voure not, you can usually ac-
complish the same thing via vour index
counter and pause control.

Rewind the tape to well ahead of the un-
wanted announcement, press the zero-reset
button on the digital counter, then play
forward until the end of the announcement
and note the counter reading. Let the tape
continue to run until the music starts, and
note the counter reading again. If there’s
more than half a digital space between
them, vou're in the clear. Return the tape
to the zero point and repeat the preced-
ing run-through. If the two previously noted
points give slightly difterent counter readings
this time, use the second set of readings for
vour “editing.” Now, rewind to zero again,
turn the recorder’s record-level controls all
the way down, and start recording (or,
rather, erasing) until vou reach the first of
the counter points. Say the words “Very well
done!” to yourself as fast as you possibly
can, then hit the pause switch and take the
recorder out of its record mode. The result
should be a clean lead-in to the music.

If vou found vou had less than a half a
digital space in which to shut off the erasing
recorder. vou'd best do vour “editing” by
trial and error, listening to the result each
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time, and repeating the operation by run-
ning just a bit farther past the first counter
point-awvith: eack swipe-unti the-last vestige
of the announcement has been shaved off. It
is tedious; but effective.

Actual editing, with a splicer and appro-
priate sticky “tape, is of course possible
here, but since most off-the-air tape col-
lections are bi-directional—recorded in both
directions on 4-track tapes—splicing is not
practical because it chops up the reverse
tracks.

Quad Off the Air. Increasing numbers of
FM stations are scheduling 4-channel trans-
missions. Most, thus far, are of matrixed re-
cordings, which means they are broadcast
and can be recorded via two stereo chan-
nels, for subsequent decoding in playback.
Taping these is exactly like taping conven-
tional stereo material. The front/rear infor-
mation from RCA’s discrete discs is ir-
revocably lost in stereo transmission, and
discrete 4-channel broadcasting is not vet
pessible (without an FCC ruling, still forth-
coming). Some FM stereo stations, though,
are cooperating on discrete 4-channel trans-
missions of RCA discs and some 4-channel
tapes, and these can be taped on any 4-
chamnel recorder in much the same way as
vou would tape stereo material. Here,
though, it is even more important that you
leave recording levels alone, once thev’'ve
been set up on preceding broadcasts from
the two stations, for level-diddling in four
channels creates chaos in playback. Treat
each pair of channels as a stereo pair, and
set them up as described previously.

A potential problem here is that there’s a
50-50 chance that the front and rear chan-
nels mav be out of phase with one another,
and since few tuners or 'recorders have
phase-reversal facilities, there is no way of
correcting this while recording. The sim-
plest solution is to equip the two rear speak-
ers with phase-reverse switches, that can be
flipped back and forth in plavback to pro-
vide the best low end and best localization
of side-placed sound sources.

Discrete 4-channel tapes will of course
play directly into vour 4-channel svstem.
Tapes of matrixed 4-channel broadcasts will
need decoding in playback, just as though
vou were plaving the original discs, and
the same stricture applies: the better the
decoder, the better the 4-channel perform-
ance. Come to think of it, isn’t that true of
everything?
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When you want the
very hest stereo without
paying the highest price
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BUILD A DYNAKIT

The experts agree that Dynakits deliver pure performance that match
the most costly components. A few evenings of your time brings you substantial
savings with unparalleled listening satisfaction. It's easy, fun and educational.
Advanced engineering, with functional simplicity which is a hallmark of Dynaco’s
designs, add a special satisfaction for you who appreciate excellence.

It's much easier to build a Dynakit. Thoroughly proven circuits, supplied
preassembled and tested on fiberglass etched circuit boards, leave only the
mechanical assembly and interconnection to you. Detailed step-by-step
instructions with easy-to-follow pictorial diagrams clearly show every connection.
In high fidelity stereo or 4-channel sound there is no match for Dynakit value.

PAT-4 Preamplifier

—— e e S— VRS DM IS SIS I Sm G - —

e &} b - PE
' s < S - ~_3—___"' Gentlemen: I

A-25 SCA-80 AF-6 I l
Loudspeakers Amp“ﬁg AM-FM Tuner I Please send new 1973 full color catalog.
I Name

IYNACO INC. o1.c0n 1yco | o

3060 Jefferson St., Phila.. Pa. 19121
Also available in Canada
from Dynaco of Canada, Ltd. —— i —— ——————— —— . ]
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IF YOU CAN
USE ANY OF THESE
T00LS...

\

...you could build a whole new future...

and build
yourself

a Bell &Howell
solid state
color TV while
you’re at it!
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If you're already handy with a set of
tools, hére's a way to pick up a pretty
thorough knowledge of electronics: build
yourself a solid state color TV as part
of a complete learn-at-home program
from Bell & Howell Schoots.

This important project gives you valu-
able ""hands on' experience with solid
state circuitry—the kind of practical ex-
perience you'll need to build a success-
ful career It's a vitat part of your total
electromics education.

Once you've completed your program,
you could be ready to build a new career
-or start a business of your own—in
home entertainment electronics.

Fix stereo systems ... FM-AM radios . . .
phonographs . . . tape recorders

With your new skills, you can build and
service stereo-hi-fi systems — inciuding
FM-AM rad.os . . . phonographs ... open
reel tape recorders and cassette or car-
tridge player/recorders. You could even
build yourself a complete “home enter-
tainment communications center”—com-
plete with the new gadgetry of cartridge
television when it comes out. The skills
you build up by following this brand-new
program are more than enough to service
almost any type of home entertainment
electronic device.

A complete at-home learning program

in home entertainment electronics

Don't confuse this program with an ordi-
nary hobby kit. [t's much more than that.
It's,a complete at-home learning program
prepared by skitled instructors at Bell &
Howell Schools.

It doesn’t matter if you've never had
any training in electronics betore. No-
body’s going to start throwing “diodes”
and ‘'capacitors” at you right off. You
start with the basics. You take it one step
at a time. You walk before you run. And
you'll be amazed at how quickly you
start to feel comfortable with things that
seemed complicated at the beginning.

Altend special “help sessions’

it you like

In case you should run into a sticky prob-
lem or two—one that you can’t handle on
your own—come in and see us. We've
scheduled help sessions every few Satur-
days at the Bell & Howell,Schoofs and in
many other cities throughout the U.S. and
Canada. Drop by. Meet an expert instruc-
tor in person. Talk over any rough spots
with him—and with other students. You'll
enjov the chance to “talk shop.”

Master the most up-to-date

solid state circuitry

Solid state is here to stay. Not just color
TV but almost every type of electronic
device will eventually move farther and
farther in the direction of tota/ solid state
circuitry. Get to know the most advanced
“trouble-shooting’ techniques for these
sophisticated circuits. You'll find an al-
most irresistible demand for your skills.

Why you should know electronics
No matter where you look, the amazing
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technology of electronics is becoming a
bigger and bigger part of the picture.
More and more automotive parts and di-
agnostic instruments are electronic.
Many farge manufacturing plants use
sophisticated electronic systems—con-
trolled by a few skilled electronics tech-
nicians. The increasing use of two-way
radio . . . the huge promise of cable
television . . the astonishing growth of
electronic data processing all open doors
to exciling new career opportunities for
the man with thorough training in elec-
tronics. In fact, the day may come when
the man who does not have electronic
skills will be severely handicapped in
many industries.

Why you should get your training from
Bell & Howell Schools

Skilied instructors at Bell & Howell!
Schools —carefully selected for
their knowledge, experience
and teaching ability —plan
each program with the utmost
care and attention. Each year,
they spend about $200,000.00 im-
proving programs and materials
and keeping them in step with new
developments in electronics.
Thousands of people have used
their Bell & Howell Schools training
as the foundation for new careers and
businesses of their own in electronics.

You build and keep the exclusive
Bell & Howell Schools Electro-Lab®
—a complete laboratory-in-the-home ¢
To make sure you get practical
experience with instruments used
daily by professionals, you build and keep
a Design Console. an Oscilloscope and a
Transistorized Meter (see detaits at right).
These are the three instruments you'll
work with constantly—both during your
program and thereatter.

CONSIDER THESE ADVANTAGES:

Help Sessions We've scheduled “'help
sesstons’ every few Saturdays at the
Bel! & Howell Schoo!s and 1n many other
cities throughout the U.S and Canada.
Top instructors give you expert guidance
and you meet other students, too.

Resident Study After you complete
your program, you can transfer to any of
the resident schoo!s for more advanced
study, if you wish.

Lifetime National Placement Assist-
ance When you complete your course,
we help you locate a position in the fieid
of Electronics that fits your background
and interests. This unigque service is
available at any time after you graduate.

Veterans' Benefits We are approved
by the state approval agency for Veter-
ans’ Benefits. Check the box for details.

Student Financial Aid We are an eli-
gible institution under the Federally In-
sured Student Loan Program. Check the
box for details.

Detach postage-paid
reply card and

mail today for free
information

25-inch
picture
(measured
diagonally)

s Bell & Howell Solid State Color TV.
Ultra-rectangular tube . . . 25-inch pic-
ture measured diagonally . . . full 315 sqg.
inch viewing area. Solid state modular
circuitry . . . 4 advanced IC's . . . 100
transistors . . . 72 diodes . . . individual
plug-in circuit boards. Special UHF/VHF
tuning features . . . buiit-in self-service
components.

® Design Console Use this to rapidly

breadboard” circuits without soldering
Equipped with built-in power supply . . .
test ight . . . speaker . . . patented plug-in
modular connectors.

® Oscilloscope  Portable 5-inch wide-
band oscilloscope offers bright, sharp
screen images . . . calibrated for peak-to-
peak voltage and time measurements . .
3-way jacks for leads, plugs, wires.

= Transistorized Meter Combines most
desired features of vacuum-tube volt-
meter and quality multimeter. Registers
current, voltage and resistance measure-
ments on a large, easily-read dial. Fea-
tures sensitive, 4-inch, jewel-bearing
d'Arsonval meter movement.

For Free Information, Mail Card Today!

tt card has been removed, write:

An Electronics Home Study School

OeVRY INSTITUTE OF TECHNOLOGY

4141 Beimont. Chicago. llhinois 60641

MaaansL aaaricanradinhictan, com

¥ BELL & HOWELL SCHOOLS

347R2

pal



www.americanradiohistory.com

l-in-one
4-channel
1eceiver

B o ; -
wnepwr e wonow v ow
by P TR ot

8 e

The trouble with most four-channel components available today is that many of them aren’t capable of
handling all kinds of four-channel program material.
Not so with the new Sansui QRX3500C. This versatile unit:

* decodes records, tapes and broadcasts made with the superior Sansui QS matrix encoding process;

e decoded SQ program material (and does it better than many other competitive units).

e creates magnificent four-channel sound from regular two-channel sources (rather than just offering you two-
channel amplifier sections strapped together for “double stereo” which sounds phony)

» accepts the output of any discrete demodulator via its ““discrete” input position;

* handles two four-channel and one two-channel tape decks;

e has extremely low distortion figures (less than 0.5%) and is conservatively rated at 180 watts (IHF), coupled
with wide frequency response for brilliant, clean reproduction.

Sansui’s new vario matrix is the main reason for the QRX 3500's great versatility. It decodes better and it
synthesizes better than any other quadrasonic circuitry available. And the QRX 3500 has a host of other features
including individual bass and treble controls for each channel, sensitive FM/AM tuning section and provision
for an optional “joystick” remote control. ]

See the QRX 3500 at your nearest franchised Sansui dealer soon and hear what it can do.

SANSUI ELECTRONICS CORP.
Sallml._ Woodside, New York 11377 « Gardena, California 90247

SANSUI ELECTRIC CO., LTD.. Tokyo, Japan » Sansui Audio Europs S. A., Antwerp, Belgium
CIRCLE NO. 27 ON READER SERVICE CARD
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News Highlights

Liquid Crystal Displays to be Commercially Produced

A full-scale commitment to the manufacture of liquid crystal dis-
plays for use in watches, clocks, calculators and test and lab instru-
ments hias been announced by RCA. Liquid crystals are flat, low-power
devices which display any graphic data electronically. The displays
can be controlled and operated by solid-state integrated circuits. Bas-
ically, the display consists of two clear glass plates with conductive
coatings, separated by a thin layer of liquid crystal material.

World's Largest Cathode Ray Tube

The world’s largest CRT has been developed by Thomas Electron-
ics (Wayne, N. J.) for use by the Air Force. The complete tube,
weighing 226 1b, including implosion panel, magnetic shield and
mounting flanges, will be used in an advanced simulator during under-
graduate pilot training research to produce images of flight situations.
Seven CRT’s are combined to provide a panoramic field of view for
student pilots. The tube screen diameter is 36 inches.

Engineering Enroliments Down

Enrollments in engineering dropped sharply last fall, according to
statistics just compiled by the Engineering Manpower Commission of
Engineers Joint Council. The freshman class numbered 52,000, down
11 percent from the previous year. On the other hand. enrollments in
2-vear technology programs were about 4 percent higher than in 1971,
Despite the overall reduction in engincering enrollments, the numbers
of blacks and women reported in the totals increased both in absolute
numbers and as a percentage of the total.

On the other side of the coin, the Carnegie Commission on Higher
Education reported that the job outlook for this June’s college gradu-
ates is the best in four vears in most fields. The upturn in demand
for new engineers is tied to a better economic situation and the fact
that younger men and women can be hired more cheaply than more
experienced West Coast aerospace engineers. On the other hand, per-
sous with new Ph.D.’s and degrees in education will continue to have
the slimmest pickings.

Laser Items Found in the News

JULY 1973

A luser is lo be used as a scanner to transmit photos by wire. The
svstem will be emploved by Associated Press which will also use elec-
tronic darkrooms, where pictures will be stored in computers, edited
on video screens, and transmitted at high speeds.

A laser has also been used recently in the Soviet Union in the suc-
cessful treatment of glaucoma, a leading cause of blindness. The treat-
ment has been used successfully to control the disorder in 88 out of
94 patients. Although the treatment must be repeated about every six
months, it can be done in about 10 minutes in the doctor’s office.

Finally, a laser system that can record color images on black and
white film has been developed by RCA. The system could be used
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to display and interpret multispectral information generated by sensors
in airplanes and spacecraft. It could also be used with color scanners
in facsimile systems.

Zenith Color TV Passes 10 Million Mark

Zenith Radio Corporation produced its 10 millionth color TV set in
Chicago recently. All 10 million color receivers have been made in the
United States. The company and its employees presented the color
receiver to President Nixon who in turn requested that it be contributed
to the Veteran’s Administration for use in a new V.A. hospital.

U.S. Computer Company Joins with Rumanians

The first manufacturing joint-venture company between a Ruma-
nian company and a U.S. corporation has been announced. The Amer-
lcan company is Control Data Corp. The new company, located in
Bucharest, will make computer peripheral equipment, including card-
readers, card punches, and printers used in computer terminals. Con-
trol Data will have a 45 percent interest in the joint company and the
Rumanian industrial group will have a 55 percent share,

IC Maker to Enter Transistor Business

Most semiconductor manufacturers went from transistors to IC’s but
here is one that is taking the opposite route. Signetics Corp., the fifth
largest manufacturer of IC’s has just formed a new department to
manufacture discrete, high-performance transistors for use in con-
sumer products and communications equipment. Until now, the 12-
year old firm has specialized in the development and production of
complex semiconductor IC’s. Using the D-MOST (Double-diffused
Metal-Oxide Semiconductor Technology) fabrication method, the
new technique is said to be highly precise and yet relatively simple.

Total Number of CET’s Nears 5000

The number of electronics technicians who have successfully passed
the written Certified Electronic Technicians examination now totals
4875. Of this total, 4551 are certified for radio-TV and consumer elec-
tronics. The remainder are industrial technicians and associates, who
have passed the exam but do not yet have the necessary 4 years of
experience. The exams are promoted by NEA, the National Electronic
Associations, an organization comprising radio-TV service technicians.

COMSAT Files to Proceed with Maritime Satellite

Communications Satellite Corp. has asked the FCC for authority to
proceed promptly with a maritime satellite system. The system would
provide communications to the Navy and would offer separate services
to the commercial shipping industry. Service is planned to start in
September, 1974. The system would consist of two multi-frequency
satellites stationed in geostationary orbits, one over the Atlantic and
one over the Pacific, and related ground control facilities in Connecti-
cut and California.

Home Study School Uses Cassettes

24

A new system using pre-recorded cassette tapes to help teach the
basic principles and theories of electronics was announced by RCA
Institutes. The cassette system is geared to the Institutes” Home Study
School introductory electronics lessons for basic courses. The instructor
whose voice is on the tape explains material and describes the schematic
illustrations in easily understood terms as the student reads the text.

POPULAR ELECTRONICS Including Electronics World
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The most frequently asked question about loudspeakers:

Does the sour d_
of a speaker
depend upon

the method hy -

which the ai
is moved?

All speakers sound different from each other In a basic experiment presented at a meeting of
and when you hear a ditterence between two the I.E.E.E. professional group on Electro-
speakers that employ different principles of acoustics in 1964, it was demonstrated’that a
moving the air, it is only natural to wonder multiplicity of full-range cone speakers can
whether the variance in sounds is a consequence produce music that is subjectively identical to
of the principles involved. Atter all, moving the that produced (with the aid of computer simu-
air is what produces the sound. lation) by an ideal massless membrane free of
all resonances and distortion. While this very
Back in the 1950’s, when electrostatic speakers basic result was proved only for full-range cone
reached a peak of popularity, some people type speakers, the above discussion indicates
thought that they might have a tundamental that the same result could be obtained by the
advantage because of the lower mass of the use of other types of full-range speakers as well.
moving element compared to that of a cone Thus, the secret of excellent performance
speaker. Then, in the 1960, ionic speakers doesn’t lie in the type of speaker used (i.e. the
were developed with no moving parts at all, and way the air is moved). It lies in the use of a
therefore, zero moving mass. Today, in the muldtiplicity of full-range speakers in one enclo-
19707, a wide variety of transducers exists using sure, in the exact proportioning of the ratio and
principles ranging from piezoelectric to mag- the directions of direct and reflected sound radi-
netostrictive, which either push the air with a ated by the total enclosure, in the precise equal-
diaphram or squeeze the air out between moving ization ot the speakers to radiate the correct
surtuces. balance of frequencies, and in extreme quality
control measures that select and match all the
Indeed, some of the principles of moving the air speakers in the enclosure.
do have advantages over others in terms of size
weight, efficiency, and cost. But there is absolutely To fully appreciate the effect of a multiplicity
no advantage of any particular method of moving of full-range speakers, with precise equalization
the air in terms of the potential quality of the and the optimum combination of direct and
sound that can be produced. reflected sound, simply A-B the BOSE 901
Direct/Reflecting® speaker with any other
Let’s see why this is so. We experience sound speaker. Hear why the BOSE 901 is the most
through the medium of acoustic waves traveling highly reviewed speaker regardless of size,
in air. It has long been known'that once the price. or type of speakers.
air is set into motion, it moves by the laws of References
.. 1. The Theory of Sound. Vol 1. By JW.S.

acoustic wave propagation which are totally
independent of the method by which the air
was set into motion.

= Rayleigh. 1877,

= 2. The results are documented in the Audio
Engineenng Society Paper. ON THE
DESIGN. MEASUREMENT AND EVAL-
UATION OF LOUDSPEAKERS. by Dr. A
G. Bose. Copics are available from the Bose

Therefore, a source (speaker) influences the Gerporationffonfiftyjcents

sound field only through the amount of air
it moves at each frequency and through the
directions that the speaker moves the air. You can hear the difference now.
The method of moving the air in no way L JHSE
affects the sound that you hear.
The Mountain, Framingham Mass.
CIRCLE NO. 2 ON READER SERVICE CARD

For complimentary copics of the revxews circle
your reader service card or write Dept. E
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The SQ decoder with cover re-
moved to show PC board and the
wiring. Two enclosures at right
are the Ten-Tec (top) and the
Instruteck (bottom). See article
for details on both cabinets.

BY MURRAY ESFORMES

Vice-President, Engineering, Insfruteck Corporation

FOUR-CHANNEL

DECODER

Build this decoder, using an

IC chip, that offers performance

equal to or exceeding that of some commercially available units.

OUR-CHANNEL sound offers the prom-

ise of a new creative medium for the
recording artist and an expanded spatial
perspective for the listener. Investigation by
CBS of the various possible methods of re-
cording four channels on a two-channel
disc has led to the development of the stere-
ophonic-quadraphonic (SQ) matrix system.
Through a suitable encoding matrix, it can
be used to produce a 2-channel stereo record
that can be plaved on a conventional phono-
graph and then it can be decoded back to
four channels by means of an inverse
matrix.

26

The SQ matrix decoder described in
this article has been specifically designed,
through the joint efforts of CBS Labs, Mo-
torola, and Instruteck, to reproduce SQ
Quadraphonic records: CBS Labs setting the
standards of performance; Motorola supply-
ing the integrated circuit; and Instruteck
fulfilling the equipment requirements for the
decoder.

The SQ Code. To understand how the
decoder operates, a bit of basic knowledge
about how the signals are encoded onto the
record is required. When the record is cut,

POPULAR ELECTRONICS Including Electronics World
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the basic SQ code calls for the two front
quadraphonic channels, Ly and Ry, to be
recorded in precisely the same mode as the
L and R channels of a conventional stereo
dise, thus retaining full front-channel sep-
aration.

The back channels, L, and R., are super-
imposed on the front channels so that the
quadrature image is described by the rela-
tive phase and amplitude of the signals in
the grooves. The left total signal, Ly, is a
combination of three signuls: the left back,
L., the right back, R., and the left front,
Lr. The right total signal, Rr, is also com-
posed of three signals: right back, R, left
back, L, and right front, Ry It then re-
mains to separate the back and front signals
from the total signals.

Theory of Operation. The inputs, L: and
Ry, are derived from the outputs of a stand-
ard stereo cartridge or the outputs of a
preamplifier. Most popular cartridges pos-
sess reasonably well-matched amplitude and
phase characteristics and can be used with
this decoder.

As shown in Fig. 1, the L./Rx signals are
applied to input amplifiers whose function
is to provide an impedance transformation
with high impedance on the input so as not
to load the incoming signals and low im-
pedance on the output to drive the phase-
shift networks. The signal is then split into
two branches containing a reference psi-net-
work (¢—0°) and a psi-plus quadrature
network (¢—90°), respectively. The psi
networks have been computed to provide a
constant phase shift of 90° across a band of
frequencies from 100 to 10,000 Mz The
merging Ly and Ry signals are fed to the
output terminals, unaltered, to form the Lg
and R, outputs, while an appropriate com-
bination of the four phase-shifted signals
produces the L. and R, outputs. The first
pair of outputs, pins 1 and 10, contains
dominant L, and Ry components which are
completely isolated from each other and
therefore have infinite channel separation.
The second pair of outputs, pins 4 and 13,
contains dominant L, and Ry signals which
are also completely isolated from each
other and thus exhibit infinite channel sep-
aration as well.

Portions of signals from the front chan-
nels are combined with the back channels of
the opposite side (the precise magnitude of
the combining signals being indicated by

Juty 1973
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numerical values at the input to the output
amplifiers). The previously described circuit
characterizes the basic SQ decoding func-
tion; it provides completely discrete front
and back channel performance with partial
signal transfer between front and back pairs.
On the output lines of the decoder, resistors
R9 and RIO are connected across the front
and back channels, respectively, through
switch S2. When the switch is placed in the
“Blend” position, cross-channel contamina-
tion vields a 10%-40% blend recommended
by CBS for matrix operation. It is largely a
matter of preference to the listener if the
“Blend” mode of operation is desired, since
in the unblended mode the left/right chan-
nel separation, both front and rear, is the
greatest.

Construction. The entire decoder has
been reduced to an integrated circuit which
operates in conjunction with external phase-
shift networks. See Vig. 2.

The integrated circuit assures a high
standard of performance when used in con-
junction with the specified components, not
alwayvs attainable with its discrete compo-
nent counterpart. A foil pattern and com-
ponent installation are shown in Fig. 3.

The “SQ” decoder described may be used
as a separate unit, or the decoder circuitry
can be incorporated into existing equipment.
The integrated circuit with its precision
phase-shift components is available from
Instruteck as well as a more complete set of
specialized parts, including an etched-circuit
board.

The custom cabinet, as supplied by In-
struteck, is of wood-pulp flakeboard con-
struction with a vinyl walnut-veneer finish.
It is supplied as a flat board and will have
to be folded and glied.

Another alternative is a fully assembled,
decorator-type cabinet supplied by Ten-Tec
as the No. JW-10. For details as to the near-
est dealer in vour area, write to Ten-Tec,
Sevierville, Tenn. 37862. This particular
cabinet is just slightly smaller than the In-
struteck enclosure. A chassis is also avail-
able from them, bul is not required as the
printed-circuit board can be mounted on the
cabinet itself. With this particular enclosure,
vou can dress up the front panel by using
press-on tvpe.

In the case of the cabinets supplied by
Instruteck, you will have to obtrain a Bud
#AC406 chassis, or if you are handy with
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For those with access to an audio
oscillator and ac voltmeter, the final per-
formance of this decoder should be
checked, using the simple procedure out-
lined below. Note: This test should be
done with the decoder disconnected from
all other equipment in your audio system.

1. Equipment required: (a) an audio
oscillator capable of 1.5-V rms output at
2200 Hz; (b) an ac voltmeter with 1-meg-
ohm input impedance.

2. Set the audio oscillator to 2200 Hz,
connect the oscillator to the “L’ input
jack (J4) of the decoder; set the output
of the oscillator to 1.0 V rms as mea-
sured with the ac voltmeter.

3. Place the decoder “Mode” switch
in the “Phono/Tuner” position and set
the ‘““Master Gain'" control to its maxi-
mum clockwise position. Set the “Blend’’
switch to ““Blend” position (R9 and R10
in the circuit).

PERFORMANCE VERIFICATION

4. With the ac voltmeter connected to
the left-front output jack (J10), adjust
the audio oscillator until the voltmeter
reads precisely 1.0 volt rms (the audio
oscillator output may have to be in-
creased slightly). This is the reference
setting.

5. Measure the outputs with the ac
voltmeter: J9, left-back, 630 mV =80 mV,
J8, right back, 630 mV +80 mV; J7, right
front, between 50 and 100 mvV.

6. Repeat steps 2, 3, 4, and 5; this
time using J3, the right input jack, and
J7, the right front, for the reference set-
ting. Look for the following results: J8,
right back, 630 mV =80 mV; J9, left
back, 630 mV +80 mV; and J10, left
front, between 50 and 100 mV.

7. If the results of steps 5 and 6 are
not attainable, it might be wise to ex-
amine the phase shifters on the circuit
board for wrong component insertion.

tools, vou could bend a piece of aluminum
or sheet metal into a “U” shape, 9%” wide
X 6%” deep X 2%” high. Instruteck will
also make available a very impressive
metallic decal that can be pressed onto the

front panel of the chassis.

One point should be mentioned and that
is the “on-off” switch which is shown in the
secondary of the power transformer. Ob-
viously, the primary of the transformer will
always be connected to the power line with
this particular arrangement. The wattage is

l INPUT AMPLIFIERS 90° PHASE SHIFTERS ]' MATRIX AND AMPLIFIER OUTPUT SECTION
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CIRCLED NO!S ARE TIC CONNECTIONS

Fig. 1. Block diagram of SQ decoder. Circled numbers are IC connections.
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1000uF
25V

CHASSIS GND

R10—7500-0hm, Yo-watt 5% resistor

RI11-—220-0hm, Ye-watt 5% resistor

RI2.R13—33.000-0hm, Ye-watt 5% resistor

RI14,R15—110,000-0hm. Yeo-watt 5% resistor

RI6A,RI6B—2.5-megohm tandem, auvdio ta-
per potentiometer

SI1—35-pole. 3-position selector switch

S2—Dpd: slide switch (R9 and RI10 mounted
on unused throw)

T1—Power transformer: secondary: 16V at
0.14 (Stancor P-8611. Use hall of secon-

“Close-tolerance, phase-shijt components. Do

60Hz
PARTS LIST

C1,C2—0.02-uF, 100-volt disc ceramic capac-
itor

#C3,C7—0.039-uF, 100-volt 10% Mylar ca-
pacitor

*C4,08—0.22-uF, 100-volt 10% Mylar capac-
itor

*(5,09—0.047-uF, 100-volt 10% Mylar ca-
pacitor

*C6,C10—0.0082-uF, 100-volt 10% Mylar ca-
pacitor dary.)

Cil1.C14—4.7-uF, 35wolt electrolytic capac-
itor

C15—220-uF, 25-volt electrolytic capacitor
C16-—1000-ul°, 25-volt electrolytic capacitor
DI1-D4—IN4001 diode
11—18V, 0.04A4 light (#346 or similar)
IC1—Integrated circuit (Motorola M 1312P)
J1-J10—Phono jack
*RI,R3,R5,R7—3600-0hm, Ysawatt 5% resis-
tor
*R2.R6—14300-0hm. Ye-watt 5% resistor
*R4,R8-—-3000-0hm, Y%-wait 5% resistor
R9—47,000-0hm, Ye-watt 5% resistor

not substitute.

Misc—Chassis (Bud #AC406), line cord,
egremmet, mounting hardware, etc.

Note: The following are available from In-
struteck Corp., 168 Yantic St., Norwich,
CT 06360: eiched and drilled PC board at
82.95; complete set of phase-shijt compo-
nents (marked with * above) with IC] at
$13.35: etched and drilled PC hoard and
all parts mounted thereon. including R9
through RI15 and ICI at $19.95; cabinet
at $10.50; decal for front panel ar $2.00.

Fig. 2. Schematic and parts list for the SQ decoder. See text and parts list
for details on obtaining the etched circuit board or kit of certain components.

extremely low and is less than that drawn
by an ordinary electric clock. I'or those who
teel that they would prefer an “on-off”
switch in the primary, there is no problem
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in adding it to the circuit and on the front

panel.

It is recommended that the copper foil
side of the printed-circuit card be tinned
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Fig. 3. Actual size foil pattern,
and component installation for decoder.

prior to component insertion. Use a low-
wattage soldering iron and small diameter,
high-quality rosin-core solder. Make certain
not to obstruct the holes in the printed-cir-
cuit card, especially the integrated circuit.
It is also recommended that the integrated
circuit be soldered in last to avoid overex-
posure to soldering heat.

The printed-circuit board is mounted on
four plastic stand-offs in the horizontal
plaue but could be mounted vertically with
no effect on its operation.

The ten phono jacks, providing the vari-
ous inputs and outputs, should be mounted
on the back vertical wall of the chassis. In-
sulated jacks are recommended so as to
minimize ground-loop hum-inducing effects.

TECHNICAL SPECIFICATIONS

Input Voltage: 0.1 to 1.0 rms

Gain: Front channels, 1.0 (typical)
Rear channels, 0.7 (typical)

Frequency Response (normalized):

30 to 20,000 Hz within 2 dB (*1 dB)
Input Impedance: 2 megohms (typical)
Output Impedance: 5000 ohms (max)
Hum and Noise: —60 dB
Phase Linearity (for any back-channel

output referred to the front-channel

output): +5° from 100 to 10,000 Hz
Maximum Output Voltage: 2.0 rms

30

Connections. Normally a set of “tape-
monitor” connections on the existing stereo
amplifier/ receiver provide the proper signal
source, plus a way to return the decoded
front swnals to the existing amplifiers. The
rear- channd signals may then be connected
to an additional stereo amplifier which, in
turn, is connected to a set of rear speakers,
as ShO\Vll in Fig. 4.

On systems lackmU a ape monitor func-
tion, minor mod1ﬁcatlons are required on
the existing equipment to introduce the de-
coder betwecn the program material and the
amplifiers for proper decoding of the signals.

Operation. After the decoder is connected
as shown in Fig. 4, power may be applied
by placing the mode selector switch, SIA
and SIB, in the “Phono/ Tuner” position. In
this mode, dc power is applied to the de-
coder and any program material appearing
on the input terminals will be decoded. The
“Master Gain” control will set the overall
level of the decoded material appearing at
jacks J7, J8, 19, and J10.

If it is desired to play a pre-recorded tape
through the decoder, place the “Mode”
switch in the “Tape” position and start up
the player. If direct stereo operation is de-
sired, without going through the matrix cir-
cuit, turn the decoder “Mode” switch to

POPULAR ELECTRONICS Inq"luding Electronics World
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=
L PHOND

YAPE

4|y

—

—F—~

TAPE'

MON RECOHDER
<«

i

L.SPEAKER

"—'_ﬁj

FRONT

R.SPEAKER

Fig. 4. Inter-connections to be !
used between decoder and other [ aux v
parts of system. Decoder can be | €

| A

connected between the preamp
and power amplifier of any exist-
ing hi-fi receiver or any separately
housed tuner and power ampli-
fier. 1t is assumed that the
present hi-fi system is used for
the two front speakers with a
second stereo amplifier and its
two speakers added for the back.

“Off” and normal stereo operation will re-
snlt.

Note: To introduce the decoder into the
front channels, the tape-monitor function of
the existing stereo must be on.

The decoder can also be used in a varietv
of other applications, including: (1) de-

L. SPEAKER

REAR

R.SPEAKER

code F)N stereo transmissions when quacdra-
phonic matrix program materjal is being
broadcast; (2) play back tapes that have
been recorded from quadraphonic broad-
casts and/or records; (3) svnthesize 4-
channel operation from stereo discs, tapes,
or FM transimissions.

Editor's Note: There are now two main
companies, CBS/Columbia and Sansui
which have independently developed and
are marketing decoders for developing
four-channel sound from especially pro-
duced four-channel matrix discs.

The most publicized system is the
CBS/Columbia SQ design. There are ac-
tually three SQ versions being marketed
today. The one described in this article
is the simplest and, obviously, the least
expensive of the three. It does provide
maximum separation (limited only by
your program source) across the two
front speakers and across the rear speak-
ers. It provides approximately 3-dB sep-
aration from front to back. The second
version, referred to as an SQ decoder
with front-to-back logic, reduces the front
and rear separation to about 14-15 dB
but does increase the front-to-back sepa-
ration to about 6-9 dB. The third system,
and obviously the most sophisticated, is
referred to as an SQ matrix decoder with
full logic. This system will provide chan-

nel separation of 14-15 dB in all four
directions—across the front and back
and from front to back. Both the logic
designs are produced today using dis-
crete components. The circuits are quite
complicated and critical to adjust and we
do not think, at the moment, that they
are quite suitable for home construction.

Circuit designs have been developed,
based on two new integrated circuits; and
Motorola, the semiconductor manufac-
turer, hopes to have samples in the hands
of manufacturers some time this year.
We hope, when these chips are available
in quantity, to work up an article on the
design and home-construction of a full-
logic SQ decoder. In the meantime, this
simpler design is an ideal project to
tackle and is an excellent way of getting
involved with four-channel reproduction.
This SQ decoder, when completed, does
not require any adjustments. All of the
individual componented circuits are so
designed that they provide the proper
performance.
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Descriptions of the Dolby,

I\IPI‘\ESSIVE advances have been made in

magnetic tape technology. Narrow-gap
tape heads and low-noise electronics have
become almost commonplace. Even so, cas-
sette recorders continue to suffer from rela-
tively poor signal-to-noise ratio (S/N) fig-
ures when compared to standard open-reel
tapes and phonograph records.

The S/N problem stems basically from
the verv narrow track width (about 0.020
in.) that severely limits the amount of en-
ergy that can be stored on the tape; and,
therefore, the playback output voltage is
low. Both theoretical and practical consider-
ations set a lower limit on the amount of
noise present in the tape and electronic
circuits. Consequently, the S/N ratio is nec-
essarily lower than in open-reel recorders
with their wider tape tracks.

Random noise, predominantly at the
higher frequencies, commonly known as
“hiss,” is the most audible and objection-
able cassette noise. A low-pass filter could
be used to attenuate the cassette system’s
output above a certain frequency (typi-
cally in the 3000-7000-Hz range) to elimi-
nate or vastly reduce hiss. However, this
approach inevitably sacrifices some high-
frequency program content along with the
ridding of the hiss; so, it is unacceptable
for high-fidelity applications.

It is possible to reduce noise, or more
accurately improve S/N, without audibly
affecting the reproduction of high-frequency
signals. To do this, one of two basically suc-
cessful approaches can be used. In an open-
ended system, the noise reduction occurs
entirely during playback and requires no
special processing of the recorded program.
On the other hand, in a closed system, the
original program is modified in a predeter-
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JVC ANRS, Philips DNL, dbx,

mined manner and complementary modifi-
cation is used during playback.

Compressor /Expanders. The combination
of a compressor and an expander form a
typical closed noise reduction system. Low-
level signals are amplified more than stronger
signals so that they are not lost in the tape
noise during recording. For example, a re-

Jhx NZ  Pccitineag
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The dbx 117 compressor/expander unit.

corder with a 50-dB dynamic range—the
ratio between the noise level and the max-
imum signal level that can be recorded with-
out excessive distortion—cannot handle a
program with a 70-dB dynamic range. The
lowest 20 dB of the program will be sub-
merged in the noise and be irretrievably
lost. By compressing the recording so that
the weakest signals are amplified 20 dB
more than the strongest, the program’s dy-
namic range can be reduced to 50 dB so
that weak signals are not below noise level.

It is necessarv to expand during playback
to restore the dynamics of the original pro-
gram. The expander reduces the plavback
gain for low-level signals so that (in the ex-
ample cited) the weakest signals are returned
to a level 70 dB below the strongest signals.
In the process, any noise introduced during
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BY JULIAN D. HIRSCH, Hirsch-Houck Laboratories

and Kenwood De-Noiser

recording and playback is reduced by 20
dB. Hence, the recorder has not added any
noise Lo the program.

At first glance, the compressor/expander
system appewrs to be an excellent solution
to the noise problem. A closer look, how-
ever, will reveal several serions drawbuacks.
For example, compression and expansion
occur at all program levels even though the
degree varies with level. Also, the actions
do not occur instantaneouslv. And whatever
the time constants used, the compressor und
expander must have exactly the same values
and exactly inverse input/output character-
istics.

The results can be excellent when all con-
ditions are satisfied. But even a slight dif-
ference between the two processes can re-
sult in a “breathing” or “pumping” effect
that can be as disturbing as the original
noise problem because it can occur even at
full program levels. Also, a compressed pro-
gram often sounds rather uunatural when
played through a linear, or non-expanding,
system. This means that a compressed
recording must be played throngh the
proper expander.

On occasion, compressor/expanders have
been offered to the high-fidelity tape record-

ing enthusiast even though most have not
met with commercial success. One such unit
currently available is the dbx 117 made by
dbx, Inc., of Waltham, Mass. It has a wide-
range, continuously adjustable compression/
expansion slope. Though it can be used as
part of a closed system, it can also be used
as an “open-ended” compressor or ex-
pander. Our tests revealed the dbx 117 to
he effeclive in tape recording noise reduc-
tion, but careful adjustment of the two
characteristic slopes is required to avoid the
“pumping” effect.

Dolby ‘B System. The well-known
Dolby “B” Noise Reduction System, prob-
ably the most popular system extant, is sim-
ilar in some respects to the compressor/
expander system. It does, however, have
some very important and basic differences.
Although it is a closed system, it is in wide
use, oftered as a built-in feature in many
high-quality cassette recorders. Many com-
mercial cassettes are now recorded with the
Dolby process.

The unique operating characteristics of
the Dolby “B” Noise Reduction System are:

L. It affects only the high frequencies, in
accordance with the frequency content of

mom
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Fig. 1. Frequency response during a Dolby "‘B” recording. The control frequency moves
up and down, depending on the high-frequency content of original program material.
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Fig. 2. Recording and playback response for Dolby *“B” material. Overall response
is flat. If Dolby system is not used for playback, response will rise at high end.

the program material. When highs are
present, the Dolby action is inhibited be-
cause the program will then mask the hiss.
If no highs are present, the Dolby action
(a high-frequency boost during record and a
high-frequency cut during play) starts at
about 500 Hz. When higher frequencies are
present, the Dolby operating frequency
shifts upward to affect only the noise that
is higher in frequency than the signal. This
is illustrated in Fig. 1 which was prepared
from data furnished by Dolby Laboratories.
In Fig. 2 is illustrated the complementary
recording and playback response character-
istics that together produce a flat overall
frequency response at any level.

2. It functions only at low program levels

Advent 101 Dolby “B’’ Noise Reduction Unit.

(=15 dB and down). The degree of com-
pression and expansion is an inverse func-
tion of the level. Therefore, any side effects
due to attack or decay time constants occur
at low levels that are inaudible.

The levels and operating characteristics
of the Dolby system are tightly controlled
and adhered to by all Dolby licensees. As a
result, a recording made on any Dolby-
equipped deck can be played back on
any other similarly equipped deck, with a
flat overall frequency response and a noise
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reduction of 6 to 10 dB. A Dolby tape can
also be played through a deck not equipped
with the Dolby Noise Reduction System. It
will sound “bright” and somewhat noisy, but
it can be made listenable with amplifier tone
controls.

JVC ANRS System. Similar in some re-
spects to the Dolby system is a closed noise
reduction system developed by the Victor
Company of Japan. It is known as the Auto-
matic Noise Reduction System (ANRS). In
addition to a completely different circuit
approach, the ANRS controls the response
at high frequencies starting at a fixed fre-
quency of about 500 Hz. Although the
“hinge” frequency is not controlled by the
frequency content of the program, the re-
sponse curves vary in accordance with pro-
gram level and frequency characteristics.

An attempt has been made to make the
ANRS characteristics resemble those of the
Dolby system as much as possible. Since
they are not identical to the Dolby charac-
teristics, a Dolby recording will not play
back with a flat response on an ANRS deck.
The differences are not great, typically about
5 dB at the higher frequencies. It is often
possible to hear a noise “swish” when play-
ing a Dolby recording or a solo instrument
or voice through an ANRS setup. Generally,
though, the ANRS can vield satisfactory
results when playing Dolby material, and it
affords about the same degree of noise re-
duction. As with the Dolby Noise Reduction
System, an ANRS-processed tape can be
played through a deck not equipped with
ANRS circuitry, but it will sound bright
and noisy.

Philips DNL. Open-ended noise reduction
systems are essentially dynamic low-pass fil-
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ters whose cut-off frequencies and/or at-
tenuations are controlled by the level, and
sometimes the frequency content, of the
program material. They have the advantage
of being usable with any program source,
owing to the fact that they do not depend
on Complementaly recording and playback
characteristics.

Currently, the most widely used open-
ended system is the Philips Dynamic Noise
Limiter (DNL) that is used in some Norelco
cassette decks. It employs a cancellation cir-
cuit that produces the effect of a very sharp
cut-ofl filter with an 18-dB/octave charac-
teristic at very low signal levels. It takes
effect at frequencies above 4000 Hz. The
amount of noise reduction increases with
frequency, ranging from about 10 dB at
600 Hz to about 7() dB at 10.000 Hz (with
no signal present). The action is controlled
to some extent by the high-frequency con-
tent of the program material.

As is common with all open-ended noise
reduction systems, the DNL svstem can gen-
erate audible side effects, usua]]y n sw1sh
of noise as it goes into and out of operation
on a solo instrument or voice. With more
complex material, its action is less notice-
able.

Kenwood but

*De-Noiser.” Similar to

more sophisticated than the Philips DNL
system is the approach used in the Kenwood
“De-Noiser.” An

Model KF-8011 add-on

Kenwood KF-8011 De-Noiser accessory.

accessory, it connects to the recorder’s in-
puts and the outputs of an amplifier or re-
ceiver. It contains four band-rejection filters
that cover the runges of 3000-4500, -1500-
6500, 6500-10,000, and 10,000-15,000 Hz.
Rejection in each band is controlled by the
program content in that band so that the
action of the De-Noiser has a minimal effect
on high-frequency slgnal components. The
filters can be switched in or out by individual
pushbuttons, and the threshold level, below
which they operate, can be varied over wide
limits.

The KF-8011 can reduce hiss by 6 to 15
dB. When properly adjusted, it goes into
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Norelco 2100 cassette deck with DNL.

action only at levels of —35 dB and below
and has almost no effect on program con-
tent. However, it exhibits the same “swish”
characteristic of the DNL, especially when
the program contains an appreciable amount
of noise.

Concluding Remarks. From our experi-
ence, we judge the Dolby “B” Noise Reduc-
tion System to be the most effective ap-
proach to reducing noise in cassette systems,
mainly because its operation is never audi-
ble to the listener. The widespread use of
the Dolby system also allows interchange-
ability of recording and plavback equip-
ment and the playing of commercial cas-
settes with the benefits of noise reduction.

For most practical purp-ses. JVC’s ANRS
is about as effective as the Dolby svstem in
noise reduction and is “quasi-compatible”
with it. But no commercially recorded
ANTRS material is available. Hence, its value
lies chiefly in making and playing home
recordings.

The dbx 117, at least potentially, can
provide more noise reduction than anv of
the other systems (about 20 dB). It is also
effective at all frequencies anl can there-
fore rednce recorder hum and other low-
frequency noises ignored by the other sys-
tems. However, tapes made with it cannot
be properly played without the use of the
same device, and it requires more care in
setup and adjustment to yicld the hest re-
sults.

The Philips DNL and Kenwood KI7-8011
systems are less ideal than the closed svs-
tems since under certain conditions their
action can be heard. However, the rather
expensive ($220) KF-8011 can “De-Noise”
FM programs and can be switched to re-
duce noise in a signal before it is recorded
as well as during playback.

Each of these systems can make a worth-
while contribution to cassette recording.
Once you have discovered how quiet a pro-
cessed cassette can be, it is not easy to ac-
cept “hissy” recordings. @®
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Take one of these 14 Career Guidance Booklets and
“Demonstration Lessons’’—free—and find out how you can now start
developing the skills you need to succeed in a better-paying career.

In today’s fast-moving world, you can move
up to a better-paying career in less time than
you may think. If you choose a carecr field
that's right for you. And if you can get the
kind of career training that today’s employers
are willing to pay big money for.

To help you choose the right carcer field, we
have listed 14 opportunities on the attached
postpaid card and in the coupon below. You
are invited to discover everything you want
to know about the field you like best, by
simply mailing the card (or coupon) for a
free Career Guidance Booklet.

Your free booklet will describe the opportu-
nities, income and job security you might
expect in your newly chosen field. It will also
explain how ICS can help you prepare for this
—in your spare time...in your own home...
regardless of your past experience.

In addition, you’ll receive a free “Demon-
stration Lesson” that lets you see for yourself
why you can prepare for your new career—
the ICS way—in much less time than you
may think.

Major corporations use ICS career training

Please bear in mind, as you fill in the attached
postpaid card, that more than 8,500,000 men
and women have turned to ICS for career
training, since 1890. Some 2,000 American firms
and government agencies are also using ICS
training programs to upgrade and update
their employees. Among these firms are such
names as Ford, U.S. Steel, Chrysler, Mobil,
DuPont, ITT, IBM, General Motors, 3M Com-
pany, Alcoa, Pan Am, GE, Motorola, and RCA.
ICS career training is Approved for Vet-
erans, and is Accredited by the Accrediting
Commission of the
National Home Study
Council. Now it’s your
turn to discover how
ICS can start you in a
rewarding new career.
Just mail the attached
postpaid card today.

(If card is missing, please fill in the coupon below and
mail it to: ICS, Scranton, Pennsylvania 18515.)
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Take one of these Career Guidance Booklets—free!

International Correspondence Schools
Scranton, Pennsylvania 18515

Please send me free booklets and a free
“Demonstration Lesson” for the field

I have checked below. I understand that
I am under no obligation.

I 1. ACCOUNTING 5. MOTEL/HOTEL

Bookkeeping Motel Management
Club/Restaurant
Management
Resort Manager

U] Hotel Executive

6. INTERIOR
DECORATING & DESIGN

CPA Training

Income Tax Specialist
2. BUSINESS
MANAGEMENT
@ Business Administration

E Business Accounting MANAGEMENT

Exccutive Management

Industrial/Production Interior Decorator
Management Interior Designer
O Marketing/Advertising/ Advanced Interior
Sales Management Designer
3. COMPUTER 7. ELECTRICIAN
PROGRAMMING % Master Electrician
Practical Electrician

COBOL
Fortran I

4. SECRETARIAL

8. DRAFTING
General Drafting
Specialized Training
(Arch., Mech., Struct.,
Electrical, Aircraft,
Electronics)

Programming Concepts
\p System 360

Medical
Legal
Executive

12. ELECTRONICS I
Electronics Technician
Specialized programs in

9. AUTOMOTIVE
Master Mechanic
Air Conditioning

Specialist Computer Servicing,
(] Body Rebuilding Communications/
Specialist Broadcasting, CATV

O Diesel/Gas Mechanic
10. ENGINEERING

Mechanical _[J Civil
Chemical [J Industrial

0 FCC Licensing

13. TV SERVICING
] Color TV Technician
Stereo/Hi-Fi Specialist

Electrical-Electronics CATV/MATYV Specialist

Surveying & Mapping

11. AIRLINE/TRAVEL
{0 Reservation and Com-
munication Specialists
Ticket Agent
Travel Agent

14. AIR CONDITIONING/

HEATING

[ Air Conditioning/
Refrigeration Technician

HIGH SCHOOL. (Earn a High School Diploma.)
Check here for special information, if age 16 or under.

Miss XA68W
Mrs.

Mr_ Age

Address Apt

City State. Zip

Approved for Veterans Truining. Eligible Institution under the Guaranteed
Student Loan Program. Accredited Member National Home Study Council.

0 Heating Specialist I

In Hawall: 931 Universily Ave., Honolulu, Hawail 96814,

Canadian residents use coupon address for service from IC3 Canadian, Ltd. I
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BY ADOLPH A. MANGIERI

Theory and
Applications

HOW A ZENER DIODE WORKS AND
HOW TO PUT IT TO WORK FOR YOU

Z ENER diodes, solid-state’s answers to volt-
age 1evu1a101s are versatile semiconduc-
tors “with many applications. Used alone or
in combination with other semiconductors,
the zener diode provides stable and accu-
rate control and instrumentation, high-per-
formance regulated voltage and current
supplies, and many other functions in to-
dav’s circuits.

Available in voltage ratings from several
to several hundred volts and power ratings
from a fraction of a watt to fifty watts or
more, the devices provide a wide choice for
the experimenter working with many differ-
ent types of circuils. Here is an introduction
to the internal operation of the diode and
its terminal characteristics, plus a descrip-
tion of some of its many applications.

Diode Physics. The zener diode is a silicon
pn junction. A silicon cryvstal is practically
nonconductive at room temperatures he-
cause it lacks appreciable numbers of free
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electrons. However, the addition of con-
trolled amounts of specific impurities to the
crystal imparts conductivity and creates the
pn junction. Adding phosphorus atoms to
the crystal forms n-type material having a
number of free electrons serving as current
carriers. Adding boron forms p-type material
having movable holes which assist elec-
tron conduction by movement of holes.
Figures 1A and 1B show the crystal atoms
of n und p material formed within the
crystal.

A zener diode is operated in reverse bias
with positive voltage on the n side. Figure
2A shows the diode under reverse bias but
below the diode breakdown or zener volt-
age. The n-type side is heavily doped with
phosphorus, imparting a high population of
free electrons (—) and the p side is lightly
doped with boron to give a sparse popula-
tion of movable holes (+). By repelling
action of like charges, the applied volt-
age has cleared or depleted a zone of all
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movable current carriers. The depletion
zone now contains fixed plus charges (ion-
ized atoms) on the n side of the barrier and
fixed minus charges (filled holes) on the p
side.

The fixed charges set up an electric field,
E, directed from (+) to (—). An electric
field always has an associated potential or
voltage with plus on the positive charges
and minus on the negative charges. This is
designated as V,, the internal voltage de-
veloped in the depletion zone. Note, in par-
ticular, that V, bucks or opposes the applied
reverse bias voltage. With only a momen-
tary flow of current from V,, the depletion
zone rapidly widens until enough space
charges are developed to produce an in-
ternal voltage just large enough to buck out
V.. Current ceases but for a slight leakage
current.

When V, is increased, the zone widens,
especially into the lightly doped p side,
uncovering equal numbers of plus and min-
us fixed charges. But this process cannot
continue without limit. At a sufficiently high

. /aour«o ELECTRONS ()
OO -0 -0
| | ,‘_\/LFREE
| | a - IELECTRON
!
©--0+{-0-}e-
| | N /

S //
l | 1 |

Fig. 1. (A) Phosphorus has five out-
er electrons and one is free. The
electric field set up by a voltage
moves this electron away leaving a
fixed plus charge. (B) Boron has 3
outer electrons, one short of filling
lattice, leaving a hole. A nearby elec-
tron can fill hole leaving fixed minus
charge. New hole is considered a mov-
able plus charge. Current flows by suc-
cession of electron-hole interchanges.
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Fig. 2. (A) Electric field has cleared
depletion zone of movable electrons
and hole carriers. Only slight leak-
age current flows due to residual
carriers. Depletion zone extends
mostly into lightly doped p side. (B)
Diode in zener breakdown. Moderate
doping on p side results in narrow
zone. High field tears away bound
electrons generating electron-hole car-
riers. Electrons move toward plus
terminal and holes to minus. (C) Diode
in avalanche breakdown. Light doping
on p side holds field below zener lev-
el. But stray carriers in lower field
dislodge electrons by collision. Each
dislodging collision produces electron-
hole pairs which in turn dislodge
additiona! carriers causing an ava-
lanche of the carriers by collision.

reverse voltage, the zone suddenly breaks
down and results in high current flow.
Breakdown is either by the zener mechan-
ism or by the avalanche mechanism—de-
pending on doping levels and zone widths.

Zener breakdown occurs in diodes rated
at below five volts. The diode is heavily
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doped on the n side and moderately doped
on the p side. As a result, the required zone
width to buck out V, is narrow. In the nar-
row zone, heavily populated with fixed
charges, electric field E can reach sufficient
strength to tear away bound electrons of
the atoms thereby generating great numbers
of electron-hole pairs. This causes a high
current flow which can destroy the diode
unless limited by Rs to safe values. Figure
2B illustrates zener breakdown in a narrow
zone. Arrows svmbolize the sudden release
of many bound electrons flowing to plus
terminals. Holes, not shown, flow to negative
terminals. Because bound electrons of atoms
are less strongly held in place with increas-
ing temperature, the zener breakdown volt-
age drops at higher temperatures, imparting
a negative temperature coefficient to the
zener voltage.

Avalanche Dbreakdown predominates in
diodes breaking down above 7 or 8 volts.
In such diodes, the n side is heavily doped
but the p side is lightly doped. As a result,
the depletion zone spreads much farther
into the p side with applied reverse bias.
In the wide depletion zone, electric field E
fails to reach zener field strength levels by
the onset of auvalanching at lower field
strengths. As field E builds up with increas-
ing V), residual current carriers within the
zone pick up more velocity and energy. In
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ZENER CURRENT
Fig. 3. Reverse zener characteristics.

the wide zone, the chances of a collision
between a fast-moving carrier and an atom
are high. At a particular field strength, a
fast-moving electron can collide with and
dislodge a bound electron from an atom,
thereby creating another electron-hole pair.
A veritable avalanche of carrjers is gener-
ated in a rapid geometric multiplication of
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carriers (carrier multiplication). Figure 2C
depicts carrier multiplication by avalanching
in the wide zone. The avalanche mechanism
has a positive temperature coefficient on V.
This is the result of the delay in velocity
buildup of carriers caused by more frequent
nondislodging collisions occurring at high
temperatures.

Diodes in the range of 5 to 8 volts in-
volve both breakdown méchanisms. These
diodes can have a temperature coefficient
near zero at a particular operuting current.
Both breakdown mechanisms, once initiated,
are self-sustaining, drawing electrons from
the voltage source. The diode exhibits posi-
tive resistance in the breakdown region and
is inherently stable.

Terminal Characteristics. Biased in the
forward direction, the diode performs much
like the ordinary rectifier diode having a
torward voltage drop of 0.75 to 1.0 volt.
The diode is normally operated in the re-
verse bias region shown in Fig. 3. Specified
characteristics include zener voltage V.
at test current I;», dynamic impedance Z.r
at test current I,r, maximum allowable
current Izy, minimum operating current 1,4,
and reverse leakage current at voltage V..

Zener impedance largely determines how
well the diode regulates voltage; Z;r is the
small change in V, divided by the corres-
ponding change in I, centered on test cur-
rent I;;. Diode operation in or near the
knee region at high dynamic impedance
results in poor voltage regulation.

The effect of temperature on voltage V.
is a critical factor when the diode is used
as a precision voltage reference in control
systems, digital voltmeters, frequency stand-
ards, precision power supplies, and other
high-accuracy applications. Diodes rated
near five volts mayv have a coefficient near
zero. Unfortunately, diodes rated under
eight volts have a temperature coefficient
which depends on the operating current.
Thus, a five-volt diode can have a negative
coefficient at low current, a zero value at
an intermediate current, and a positive co-
efficient at high current. For this reason,
precision reference diodes are operated at
a specified current.

An avalanche diode can be temperature
compensated by adding one or more for-
ward-operated diodes as shown in Fig. 4. A
forward-biased diode has a negative tempera-
ture coefficient of about —2 mV/°C, per-
mitting compensation of avalanche types.
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Zener diodes, being comparatively large-
area junctions have large junction capaci-
tances. A 1-W, 10-V diode may have about
0.003 uF, with a 1-V reverse bias and about
0.001 uF in the breakdown region. For this

Zp) / Zy=2p|+Zpptips
Vol
Y )
2003 |
D2 g Vo=
e / VoitVp2tVps
D2 )
03 ) 7 9
Vb3
Zp3 )

Fig. 4. Stacking one or more forward-
biased diodes in series with avalanche
diode produces temperature compensa-
tion. Terminal voltage is increased
by 0.7 V per diode. Dynamic impedance
is slightly increased and the diode
is operated at specific current flow.

reason, the diode is not used in switching
circuits above 100 kiHz without special
compensaling circuils. tHowever, the diode
may be used as a dc blocking and coupling
capacitor.

Figure 5 shows the busic zener diode
regulator circuit. In operation, diode DI
maintains output voltage V, nearly constant
for changes in both load current I, and
input voltage V.. Assuming a decrease only
in I, current I, increases by a similar
amount and the voltage across Ry remains
fixed. If only V, changes (say an increase),
I, remains fixed and I, increases until the
voltage across Ry increases by the amount
of the iput voltage increase.

Actually, the output voltage does vary
somewhat due to impedance Z; of DI. The
change in output voltage V, is equal to the
change in zener current [, multiplied by
the average diode impedance at the operat-
ing currents. To obtain best results, the
diode should be operated in the low-imped-
ance region at higher diode currents (swithin
diode ratings). Additionally, the minimum
input voltage should be well above Vi, to
avoid very low R, values. Circuit calcula-
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tions may be found in many manuals includ-
ing the Zener Diode Handbook, published
by Motorola, Inc.

Zener Diode Applications. Cascaded reg-
ulators (Fig. 6A) include a pre-regulator
diode DI serving to regulate the input
voltage to diode D2. Output voltage regu-
lation depends mostly on the dynamic im-
pedance of D2 and on load current changes.
This circuit is practical for low voltage,
low power applications if appreciable power
losses are to be avoided.

Reference diodes are advantageously
biased by the constant current diode (Fig.
6B) to avoid output voltage changes due
to input variations. Similarly, the FET con-
stant current source (Fig. 6C) provides
a range of constant current levels by ad-
justing source potentiometer RI.

High-power zener diodes are compara-
tively costly. To boost the power handling
ability of a low-power diode, one may use
a power transistor as shown in the shunt
voltage regulator in Fig. 6D. In operation,
an increase in V, causes an increase in volt-
age across sensing resistor R, This increases
base drive to QI, causing a larger collector
cwrrent in QI and a larger drop across R
thereby reducing V, to the desired value.
Because D1 is biased by a regulated voltage,
and because QI can effect high gain when
using large Rs values, the circuit is very
effective as a regulator but has the dis-
advantage of high power consumption.

To avoid high power losses, the simple
series-pass regulator in Fig. 6E places the
power transistor in series with the load and
omits R.. Resistor RI biases diode DI. The
output voltage is equal to the diode voltage
minus the base-emitter drop (0.75 V) of
Q1. Regulation is somewhat impaired be-
cause DI is biased from an unregulated
source and because the base-emitter drop
of QI varies with load current. Replacing
RI by a constant current source improves
the regulation. Input voltage changes mere-
ly alter the collector voltage of QI with
little change in output voltage. Because the
circuit draws little power at no load, the

+ -
o P 0
v Rg ‘IZ Vo
Di I,
3
144 ZRL
;»
- —0
Fig. 5. Basic zener regulator circuit.
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Fig. 6. (A) Cascaded regulators. (B)
Constant-current biasing using a CC
diode. (C) Adjustable CC biasing using
a FET as the CC source. (D) Basic
shunt regulator boosts power handling
by using a power transistor. (E) Sim-
ple series-pass circuit boosts power
with less loss. (F) Packaged refer-
ence amplifier with temperature com-
pensation further improves regulation.
(G) This two-terminal CC supply uses
two zeners to get closer regulation.

series-pass regulator is widely applied in
regulated power supplies. The addition of
an external feedback loop including a ref-
erence amplifier permits very close regula-
tion of output voltage.

Figure 6F shows an improved series-pass
regulator using a pre-packaged voltage vef-
erence and amplifier. The reference ampli-
fier includes zener diode D2, compensating
diode DI and amplifier Q2. In operation,
reference voltage V), is cdmpared with the
voltage across R5 and the lower portion of
R4. Anv voltage error is amplified by Q2
and QI, resulting in correction of the out-
put voltage. This circuit not only permits
output voltage adjustments but also corrects
for variable base-emitter voltage drop in
QlI.
Although usually applied as voltage reg-
ulators, zener diodes are also used to
regulate current indirectly. Figure 6G shows
a two-terminal constant current source using
a pair of series-pass regulators. Zener diode
DI regulates the voltage across RI at one
base-emitter drop below the zener voltage
of DI. Hence, the current through RI, col-
lector of QI, and D2 is regulated and near-
ly equal. Similarly, D2 regulates the voltage
across R2 and, hence, the current in R2,
Q2, and DI. Thus, load current I, is very
closely regulated to both input voltage and
load resistance changes. Resistor R3 (in the
megohin range) neutralizes collector volt-
ages.

We have described orly a few of the
many applications of the zener diode. Oth-
ers include diode clippers which convert
low and middle frequencies to square waves,
pulse clipping and limiting, noise genera-
tion by operation in the knee region, dc
voltage-level shifting, transient voltage sup-
pression, voltage clamping, and many others.
Although the zener diode is no longer re-
garded as an exotic semiconductor, it re-
mains a valuable and versatile member of
the semiconductor family @
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BUILD A

HYRISTOR

TESTER

Check those SCR’s and triacs for

operation, and determine gate characteristics

E HAVE been using SCR’s and triacs

(generically called thyristors) for a few
years now; but reliable equipment for test-
ing, matching, and classifying these devices
tends to be exotic, expensive, or unavailable.
The thyristor tester described here will
satisfy the needs of most hobbyists, tech-
nicians, and engineers who need an accurate
and reliable piece of equipment for mea-
suring gate characteristics of SCR’s and
triacs and the zener voltage of low voltage
zener diodes.

The circuit of the tester is shown in
Fig. 1. It counsists of a power supply, light
emitting diodes (LED's) to indicate con-
duction, and a gate metering circuit. The
power supply delivers positive and negative
12-volt de for the gate of the device being
tested and the two op amps of the metering
circuits. The supply also provides positive
and negative pulsating 12-volt de for the
anode of the device being tested.

The two LED's indicate conduction in
the forward and reverse directions. A good
SCR conducts in the forward direction only
and causes LED2 to glow when a positive
voltage is applied to the gate. A shorted
SCR lights both with no gate voltage.

JULY 1973

BY MICHAEL S. ROBBINS

Gate voltage and current are determined
by the setting of R4.

A differential amplifier with unity gain is
used in the metering circuit to reduce the
effects of the characteristics of the meter
on the actual measurement. Its use makes
possible a 100-microampere range with a
1-mA meter movement and a S-megohm
input resistance for voltage measurements.
Current is measured by reading the voltage
drop across shunt resistors R6 through R9.
The maximum drop on each range is 0.1
volt.

Construction. The passive components
and the two 741 IC op amps are mounted
on the printed circuit board as shown in
Fig. 2.

The polarities of the eight silicon diodes
and the electrolytic capacitors should be
observed. The two IC’s are oriented by
observing the metal tab adjacent to pin 8.
Use a small pencil iron and good-quality
60-40 rosin-core solder.

Components are mounted on the panel
as shown in the photo. Be careful when
soldering the LED’s. Interconnections be-
tween the printed circuit board and the
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ANODE CATH GATE
RED

Fig. 1. SCR or triac gate firing character-
istics are measured on a high-input resis-
tance, two op amp, metering circuit. Two
LED’s are used to indicate device conduction.
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front panel should be made with short
lengths of hookup wire. The board connec-
tions are shown as circled letters in Fig. 1.

If a meter other than the one specified
in the parts list is used, RI3 should be
replaced by a small potentiometer for cal-
ibration.

Testing SCR’s. Set the METER switch,
S5, to mA and the GATE CURRENT switch,
S4, to 100. Connect the SCR as follows:
anode to red binding post, JI, cathode to

46

black, J2, and gate to the blue post, J3.

If either LED glows, the SCR is defec-
tive. Press the (4) pushbutton, S3, and
slowly rotate the B1as control, R4, clockwise.
At some point, the (+) LED will glow.
Note the meter reading. If it is too low to
read, set the mA switch to a lower range.
Positive gate current is read on the left side
of the meter scale. Turn the meter switch
to the 10-volt range. The meter will now
swing to the right side of the scale and
indicate positive gate voltage. If the reading

POPULAR ELECTRONICS Including Electronics World
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PARTS LIST

C1,C2—470-uF, 16-volt PC-type electrolytic
capucitor

DI-D8—IN1001, HEP151 or equivaleny sili-
con rectifier

FC1IC2—721 op amp 1C (Motorola MCI741-
CG, RCA3741CT, National LM741CH,
Fairchild U5B7741393, or similar)

J1-J3—RBinding post (red, black and blue)

LEDILED2—Light-emitting  diode  with
mounting clip (Moasento MV-5020 or simn-
ilar)

MI1—1-0-1-mA meter (up to 5-0-5-mA can be
used by selecting R13)

R1R2—100-ohm, lwatt 109 resistor

R3.R5—100-0hm, Vo-watt 109 resistor

R1—10,000-0hm, 5-watt wircwound potentio-
meter

R6—1-0hm, “u-watt, 579 resistor

R7—10-0hm, Yoavatt 5% resistor

R8—100-0hm, Yy-watt 5% resistor

RO—1000-0hm, “e-watt 5% resistor

RI10—47.000-0hm, Vowatt 5% resisior

R11—430.000-0hm, Ys-watt 5% resistor

RI2—41.7-megohm, Ysavatt 59 resistor

RI13—068-0hm. Yiacatt 5% resistor (use min-
iature 100-ohm potentiometer for different
meters)

S1—Dpdt miniature toggle switch (/BT JMT
223 or similar)

52.83—S8pdt pushbutton switch (Switcheraft
953 or similar)

S4--Single-pole, jour-position, shorting-tvpe
rotary switch (Oalk 399 418K or Centralab
PA-1000 with stop set jor 4 positions)

S5—Single-pole. three position, shorting-type
rotary switch (same as S1, set for 3 posi-
tions)

Ti1—Power transjormer: secondary: 252
VCT at 500 mA (Calectro DI-752)

Mise—Cabinet with handle, line cord, knobs,
mounting hardiware, elc.

Note—The following are avaiialle from Car-
ingella Electronics, Inc., PO Box 327. Up-
land, CA 91786: PC board, No. STT-1PC,
drilled and printed with pert numbers, at
85.95, postpaid; meter, No. STT-IM a
$15.00. postpaid: complete kit, No. STT-
1K, including cabinet 1with printed panel,
all parts, and instructions at 859.95, plus
$1.50 for handling and shipping in USA.
California residents, add 5% sales tax.

is too low, switch to the 1-volt runge.

Typical low-current SCR’s, such as the
GE Cl103, will trigger with gale currents
as low as 10 uA and voltages of 0.6 volt.
Large industrial SCR’s may require 30 mA

at 2 volts.

Testing Triacs. Four modes of conduction

are possible with triacs:

Fig. 2. Actual size foil pattern (top}
and component layout for the tester.

JULY 1973
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Front panel arrangement of prototype.
LED's are mounted in rubber grommets.

Mode Gate Polarity* Main Terminal 2%
Polarity
1+ Positive Positive
- Negative Positive
1+ Positive Negative
- Negative Negative

“with respect to MT1.

Each mode is checked independently by
pressing either S2 or §3 and observing the
LED indicators. A shorted triac will cause
both indicators to glow with zero gate volt-
;Ige.

Triacs are tested in the same manner as
SCR’s, except that the test results provide
four pairs of gate measurements instead of
one. SCR action is similar to the I+ triac
mode. Set the aeTER switch to mA and the
mA switch to 100. Connect Main Terminal
2 of the triac to the red binding post and
Main Terminal 1 to the black, with the gate
connected to the blue post.

If either LED glows, the triac is defec-
tive. Press the (+4) pushbutton and rotate
R4 clockwise until the positive LED glows.
Record the current and voltage readings.
This is the I+ mode.

Return the switches to their original SCR
settings. Press the (—) pushbutton and
rotate R4 counterclockwise until the nega-
tive LED glows. The meter will swing to
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the right for current measurements and to
the left for voltage measurements. This is
the I1I— mode.

Triacs used in most ac circuits operate in
the I+ and III— modes: during the half
of the cycle when MT2 is positive with re-
spect to MTI, the gate is positive; and
during the half of the cycle when MT2 is
negative with respect to MTI, the gate is
negative.

The gate characteristics of the I— mode
can be checked by pressing the (--) push-
button and rotating R4 counterclockwise
until the positive LED glows. The gate
current and voltage are measured as before.
Gate characteristics for III4+ mode are
measured by pressing the (+) pushbutton,
rotating R4 clockwise and observing the
negative LED indicator.

Testing Zener Diodes. Low-voltage
(under 10) zener diodes can be checked
as follows: Connect the anode to the black

Internal view of tester showing how
the printed circuit board is mounted.

binding post (the reverse of the SCR con-
nections) and the cathode to the blue bind-
ing post. The red binding post is not used.
Set the METER switch to the 10-volt range
and the mA switch to 1.0.

Press the (+) pushbutton and rotate
R4 to full clockwise. The meter will then
read the zener voltage on the left side of
the scale. ®
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TESTS AND BASIC REQUIREMENTS
FOR OBTAINING AN OPERATOR’S LICENSE

WITH EMPHASIS ON

ACH YEAR some 20,000 US. and Cu-

nadian  citizens become licensed radio
amateurs, or “hams,” one-half ot them in
the under-21 age group. There are now
almost three-quarters of a million hams
worldwide—more than one-third of them in
the U.S. alone. Thev range in age from 7
to eighty and, literallv, come from every
walk of life. The lure is a fascinating new
world that involves participation in a 1e-
markable intermational feliowship.

The first time you use your own call
letters on the air is a day you will long
remember. It will mark the beginning of
your QSL card collection (the personal
posteards every ham uses to exchange con-
firmations of on-the-air contacts). In a fairly
short time, vou may have QSL cards from
countries all over the world and will have

JuLY 1973

THE NOVICE CLASS

established personal friendships that know
no geographic, economic, or political boun-
daries. One day vou might talk to a ham
across vour state; another evening vour con-
tact might be from England, japan, Aus-
tralia, or Madagascar. When you send out
vour “CQ,” or invitation to reply, you never
know who will ansswer or from where. That
is the fascination of ham radio.

One dav vou might answer a call from
K7UGA (Senator Barry Goldwater) or
VK2KB (Sir Allen Fairhall, Australia’s Min-
ister of Defense). Other well-known figures
who hold ham licenses include: Arthur
Godfrey, K4LIB; King Hussein of Jordan,
JY1; Andy Devine, WB6RER; General Cur-
tis LeMay, \WWBEZV; Astronauts Owen Gar-
riott, W5LFL, and Tony England, W3RAP;
and Alvino Rey, W6UK—to name a few.
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Classes of Licenses. Everv radio oper-
ator must have a government license to
transmit over the air. In the U.S., licenses
are issued by the Federal Communications
Commission (FCC). An amateur license
consists of two parts, one for the station
and the other the actual license that permits
an individual to operate any station within
the license’s limitations.

The station license is an official registra-
tion that permits a transmitter to he oper-
ated on the amateur bands. No examination
is required, but station authorizations are
issued only to individuals who have quali-
fied for an operator’s license. The operator’s
portion of the license permits you to operate
any amateur station within your legal lim-
its. Only citizens and immigrants who have
filed declarations of intent to become citi-
zens are eligible to hold station and operator
licenses in the U.S.

There are six classes of amateur licenses.

Novice License. This is the simplest of
all amateur licenses. To qualify, you must
pass a code test of 5 words per minute
(wpin) and a verv simple written exam.
Operation is limited to the use of code
(S\V) only, while maximum power into the
transmitter’s final is specified at 75 watts.
As a Novice you will be permitted to oper-
ate only on these specific bands:

80 meters 3700-3750 kHz
40 meters 7100-7150 kHz
15 meters 21,100-21,200 kHz
10 meters 28,100-28,200 kHz

The Novice license is good for two years
and is not renewable, except after a lapse
of at least a year. It is a “beginner’s per-
mit,” designed specifically to encourage you
to increase your proficiencv as soon as pos-
sible so that you can go on to a higher
class of license.

There is no charge for the Novice exam,
and it can be repeated i 30 dayvs if vou
tail the first time out. (Theye is no age limit
for any ham license.)

When you receive your license, vour call
letters will be coded to reflect your status.
An “N” Dbetween the first letter and first
number, as in WN1ZIU, indicates a Novice
class. As the licensee advances to higher
grades, the N is replaced by an A or a B.

Once vou have passed the code test, you
will be required to pass the written exam
that consists of 20 rather easy multiple-
choice questions for which a choice of four
or five possible answers is given. “The
Radio Amateur’s License Manual,” pub-
lished by the ARRL, will be of tremendous
help in preparing vou to pass the written
exam. Once preparation is made for taking
the exam, vou can write to the FCC Licens-
ing Unit, Gettysburg, PA 17325, or your
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International Morse code is not as fearsome as it looks. Special letter groups
such as AS and SK are transmitted without spacing between letters; when printed,
they are identified by a bar over the two letters. See text for pronunciation.
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The various amateur radio call areas in the United States and Canada.

local district office and request Amateur
License Form 610. When the form arrives,
fill it in. Then seek out a volunteer examin-
er. He (or she) must be 21 years of age or
older and the holder of a General, Ad-
vanced, or Advanced Extra Class license, a
commercial radiotelegraph license, or be
employed in the service of the U.S. as an
operator of a manual telegraph station.
You should not encounter any problems
in locating a qualified examiner. But if vou
do, check with your local radio and TV
service technician; e is likely to know some
of the ham stations operating in your area.
The volunteer examiner must fill in the
back of Form 610. Then, after he is certain
that you can pass the code test, he will
send it to the FCC and request a set of
exam papers. After the FCC accepts his
qualifications as an examiner, they will mail
to him the exam papers. The examiner is
then respousible for conducting the exam
and for returning the completed papers to
the FCC. There is a time limit for taking
the exam, usually within 30 davs of the

JULY 1973

time that the application was mailed to the
FCC.

At the beginning of the exam, the exam-
iner will pass on to you the sealed envelope
containing the FCC-supplied papers. After
you complete the exam, the examiner will
return the papers to the FCC. If vou passed
the exam, your call letters will be assigned
within a month or two.

No matter at what level you start in ham
radio, you must resign yourself to the fact
that you will have to learn International
Morse Code. Obviously, the first step is to
memorize the code so that each character
can instantly be associated with “dits” and
“dahs.” A dot is a “dit” and a dash is a
“dah.” When “speaking” code, the T in dit
is not pronounced unless it comes at the end
of a group. Thus, the letter F is pronounced
“dididahdit.”

Any licensed ham will be glad to help
you practice code, or you can use one of the
many instruction tapes and records avail-
able. Also, various organizations periodically
conduct free code courses for Novices. But
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ABT About
AGN  Again
AMP  Ampere
ANI Any
BCNU I'll be seeing you
BK Break
BTR Better
CRD Card
CuUD Could
CUL  See you later
DX Distance
ES “&"
FB Fine business, exceilent
FM From
FR For
GA Go ahead, good afternoon
GE Good evening
GC Going
GM Good morning
GN Good night
GUD Good
HAM  Amateur
HI Laughter
HR Hear, here
HRD Heard
HV Have
HW How
73

SOME HAM ABBREVIATIONS

NIL Nothing

NR Number, near

NwW Now

OB Old Boy

oM Old Man (all male hams are
“OM’s” regardiess
of aga!)

oP Operator

PSE Please

RCVR, RX Receiver

SED, SEZ Said, says

SKED Schedule

SIGS Signals

SRI Sorry

TKS, TNX Thanks

TMW Tomorrow

TT That

TU Thank you

U, UR You, your, and you’re

vY Very

WL Well, will

WX Weather

XMTR, TX Transmitter

XYL (Ex-Young-Lady) Wife or

married woman operator
YL (Young lady) An unmarried

or girl operator
Best regards

the quickest way to learn code is to tune
in on one of the code practice transmissions.
The ARRL’s W1AW station transmits code
at various speeds on 1.805, 3.580, 7.080,
14.080, 21.080, 50.080, and 145.588 MHz
on the following schedule:

SPEED (\vpm) DAYS & TIMES

10,13,15 Daily, 7:30 p.m.
5,7%,10,13,20,25 Sun/Tue/Thu/Sat, 9:30 p.m.
5,7%,10,13,20,25 Mon/Wed/Fri, 9:00 a.m.
35,30,25,20,15 Mon/Wed/Fri, 9:30 a.m.
35,30,25,20,15 Tue/Thu, 9:30 a.m.
The TIMES are EST, except in the summer
when they are EDT.

On the West Coast, WBQIE transmits
code at various speeds every day except
Monday between the hours of 8:00 p.m.
and 9:30 p.m. PST. The schedule can be
heard on 3.590 MKz On Tuesdays and
Thursdays, they have classes for all levels
of amateur licenses.

As is the case with the written exam, the
code test must be administered and ap-
proved by a volunteer examiner. You must
pass the code test before you can take the
written exam. Transmitter power is limited
to 75 watts.
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Technician License. This is a “mail-order’
test similar to that given for the Novice
license. It requires a code proficiency of 5
wpm and successful completion of a written
exam consisting of some 50 multiple-choice
questions. This license is ideally suited to
those who want to operate in the vhf or
higher bands beginning at 50.1 MHz (6
meters). Operation is strictly limited to the
6-meter bhand and frequencies bevond, in-
cluding uhf and even some microwave
channels.

License holders are authorized to operate
at up to 1000 watts (unless otherwise speci-
fied) of input power to the transmitter’s
final. The license can be retained indefinitely
and is renewable every five years. License
holders can operate in all common modes
of transmission, including television, phone,
and facsimile.

General Class License. This most popular
ham license permits operation on many ham
bands. It is good for life but must be re-
newed every five years. Power is limited to
1000 watts maximum (unless otherwise
specified) into the final in any operational
mode allocated by the FCC rules. The

POPULAR ELECTRONICS Including Electronics World
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exam consists of a code test of 13 wpm and
some 50 multiple-choice questions. Exams
musl be taken at a specifically designated
FFCC examination point.

Conditional Class License. This is identi-
cal to the General Class license in that it
provides the same privileges. The exams
are also identical. The ounly difference is
that this test is conducted by mail through a
volunteer examiner. To qualify for this tvpe
of license, vou must meet one of these con-
ditions: (1) reside oulside the continental
limits of the U.S., including U.S. Possessions
and Territories, for at least 12 months; (2)
be in the Armed Forces of the U.S. and
unable to appear in person for the exam;
(3) be physically unable to travel and have
a physician’s certificate or letter to prove
it (special FCC consideration is given to
the blind); or (4) live more than 175 air-
line miles from the nearest FCC examina-
tion pomt.

Advanced Class License. Reinstaled in
1967, this license is slightlv more difficult
to obtain than is the General Class license.
With it, vou are permitted to operate on
specially reserved frequencies which only
Advanced and Extra Class licensees can
use. Although power limitations are the
same as for the General Class license. oper-
ating privileges are slightly improved. The
exam, which consists of a code proficiency
test of 13 wpm and 50 multiple-choice

SOME Q SIGNALS

Note: Q abbreviations become questions

only when followed by question marks.

QRM—Am | being interfered with? You
are being interfered with.

QRN—Are you troubled by static? | am
being troubled by static.

QRQ—Shall | send faster? Send faster
(. . . words per minute).

QRS—Shall | send more slowly? Send
more slowly (. . . words per minute).

QRT—Shall | stop sending? Stop send-
ing.

QRU—Have you anything for me? | have
nothing for you.

QRZ—Who is calling me? You are being
called by . . . (on . .. kHz).

QSL-—Can you acknowledge receipt? |
am acknowledging receipt.

QSY—Shall | change to transmission on
another frequency? Change to trans-
mission on another frequency (or on
.. . kHz).

JULY 1973

questions, must be taken in person at an
FCC testing location. The license is held
for life, renewable every five yeuars.

Extra-Class License. This is the highest
rank to which an amateur radio operator
can aspire. These licensees are an exclu’si\"e
group, considered to be true “experts” in
electronic comunications. They have the
privilege of operating on several “reserved”
ham frequencies set aside especially for theix:
use. To qualify, vou must be the holder of
another class of ham license (other than
Novice) for one year or more prior to taking
the f{inal examination. The exam has a 20-
wpm code proficiency test and 100 multiple-
choice questions. Tests must be taken in
person at an FCC examination point.

The Novice Station. The basic elements
of any amateur radio station are the trans-
mitter, the receiver, and the antenna. The
cost of the station can run from less than
$100 to several thousand dollars and can
range in complexity from a small tabletop
unit to a room full of gear. Part of the fun
of being a ham is in building vour own
equipment.

Since they are restricted to specific fre-
quencies and are designed for a maximum
of 75 watts of input power, Novice trans-
mitters are fairlv simple to construct. Circuit
diagrams and complete construction details
are available from the ARRL and a number
of publications.

The receiver could also be home-built
but it is a more complex project. A com-
mercial receiver, capable of luning in on
all the ham bands, is recommended. It must,
however, be capable of receiving CW (con-
tinuous-wave) signals. The most expensive
models are usually the most sensitive, but
less expensive receivers—either factory
wired or in kit form—uwill also suffice if care
is taken in their selection.

The antenna vou start off with can be
as simple as u wire hung out of a window.
In many city apartments, hams have been
known to use bed springs and window
screens as improvised, but workable, an-
tennas.

It does not really take much money,
equipment, knowledge, or effort to get a
first license and be on the air. A ham can
also move as rapidly up the ladder as he
chooses because he does not have to wait
for his Novice license to expire before taking
the next license exam. @®
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Changes come fast
In electronics.

Take a look at the race in circuit technology. In the
1960's the tubes at the left made way for the transis-
tors at the right. Today, transistors are surpassed by
the large scale integrated circuit (LSI) at the far right.
This circuit, less than a quarter inch square, replaces
over 6000 transistors!

There’s big money to be made by the men who
stay ahead of this technology race. Put yourself

ahead with NTS Home Training! You get the latest,
most advanced equipment (at no extra cost). More
solid-state units, and more advanced technology.
Plenty of training with integrated circuits, too! As an
NTS graduate, you enter a worid of electronics you're
familiar with. You have a thorough working knowl-
edge of solid-state circuitry. You’re ready to tackle
bigger jobs at higher pay!

NTS COLOR AND B &W
TV SERVICING

Solid-state
315 sq. in.
Heath color TV

Build and keep the largest, most
advanced color TV made! Over-all
solid-state design, ultra-rectangular
screen, matrix picture tube, built-in
self-servicing features, “Instant
On,” AF.T., solid-state, 24-channel
detent UHF/VHF power tuning, and
much more! Also build and keep
AM-SW Radio, Solid-State Radio,
FET Volt-Ohmmeter, and Electronic
Tube Tester. Learn trouble-shoot-
ing, hi-fi, stereo, multiplex systems,
radio, color and B&W TV servicing.

Learn sophisticated solid-state cir-
cuitry as you build this B&W TV
receiver. Lo-Silho “Superhet”
Radio, FET Volt-Ohmmeter, Solid-
State Radio, Electronic Tube
Checker, and Signal Generator, TV
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and all other equipment are yours
to keep.

Solid-state
B&WTYV,
74 sq. in.
picture
{cabinet
included)

NTS ELECTRONICS
& COMPUTER
TECHNOLOGY

Build and keep this exclusive NTS
Compu-Trainer. It teaches you the

Solid-state
Compu-Trainer
14 integrated
circuits replace
198 transistors!

same principles used in million-
dollar systems. Contains 14 inte-

grated circuits! All Solid-State! You
perform all wiring and patchcord-
ing. No shortcuts. No pre-wired
circuitboards. Your training is com-
plete! Also receive an FET Volt-
Ohmmeter and a 5” wide-band
Solid-State Oscilloscope.

NTS ELECTRONICS
COMMUNICATIONS

Gain the prestige and earning pow-
er of owning an F.C.C. First Class
Radio-Telephone License. Two
comprehensive NTS courses cover
the big opportunity field of trans-
mitting and receiving.

You build and keep 14 kits, includ-
ing this amateur phone 6-meter
VHF Transceiver, NTS's exclusive
6-transistor Solid-State Radio, and
a fully transistorized Volt-Ohmme-
ter. Also, learn 2-way radio, Citi-
zens Band microwaves, and radar,

5-watt AM
transmitter/
receiver

POPULAR ELECTRONICS Including Electronics Wornig
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NTS Home Trainin

NTS INDUSTRIAL &
AUTOMATION
ELECTRONICS

Automation is the future of indus-
try and you can play an important
part! Learn industrial controls by
training on the NTS Electro-Lab (a
complete workshop). You also build
and operate this 5" -
Solid - State oscillo- .

scope. And you per-
form experiments
that involve regulat- |
ing motor speeds,
temperature, pres- |
sure, liquid level,
and much more. All
equipment is yours
to keep.

NTS AUDIO ELEC-
TRONICS SERVICING

Learn basic sound theory—how it
works in home radio, car tape

puts you in the

""l"f‘
- 1/%

*a

decks, steren multiplex component
systems, and more! Set up a spec-
tacular music system. Learn about

b5 Sigotame e oty Build and keep this
famous Heath Stereo
Receiver and Speatkers.

sound distortion, amplification and
control, loud-speaker baffles, prob-
lems of system installation, etc. In-
cluded is Volt-Ohmmeter, In-Circuit
Transistor Tester, and Solid-State

lead.

|

Radio. Prepare yourself for great
opportunities in the Home Enter-
tainment Industry!

CLASSROOM TRAINING

AT LOS ANGELES

You can take classroom training at Los
Angeles in sunny Southern California.
NTS occupies a city block with over a
million doliars in technical facilities.
Check vox in coupon below.

NATIONAL G+ SCHOOLS

WORLD-WIDE TRAINING SINCE 1905
Resident & Home Study Schools
4000 S. Figueroa Street
Los Angeles, California 90037

APPROVED FOR
VETERAN TRAINING

Accredited M2mber: National Associa-
tion of Trade and Technical Schools;
National Home Study Council.

r--------%‘g e e
Dept. 205-073
i 5 MASTER CCURSE IN COLOR
1 glg_,dCtzlorful NTS TV SERVICING :
uide to new ‘e COLOR TV SERVICING (FOR
1 opportunities in ”‘r‘m@ ADVANCED TECHNICIANS) N e I
1 Electronics MASTER COURSE IN B&W TV
1 . & i & RADIO SERVICING ADDRESS B = 1
" Yours FREE! %Lz:§: MASTER COURSE IN o I
LECTRONI. COMMUNICATIONS
1 PRACTICAL RADIO SERVICING cITY =4 1
NATIONAL TECHNICAL SCHOOLS FCC LICENSE COURSE
[ ] 4000 S. Figueroa Street MASTER CCURSE IN STATE ]
I Los Angeles, California 90037 ELECTRONICS TECHNOLOGY = — — k= S |
Piease rush me FREE Color NTS Elec- O oMATIONSINOUCTRIAS
l tronics Guide & FREE lesson lus in- < ] Check it mieres!ed in \leterans Training l
d o [ICE COMPUTER ELECTRONICS under new G.1. Bill.
[ ] 10fma!19n on course checked at right. BASIC ELECTRONICS [ Check it mterested ONLY in Classroom 1
1 No obligation. No salesman will call. AUDIO ELECTRONICS SERVICING Training at Los Angeles 1
L-------------------_----------------------‘
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NEW RCA IN-LINE
COLOR TUBE

NEW color-TV picture tube, announced
by RCA uses a unitized, in-line, triple-
beam gun structure and a shadow mask
having vertically oriented slit-shaped aper-
tures as shown below. The phosphor array
is applied in continous vertical lines.
Converging magnetic pole pieces and the
electromagnetic pole-piece exciters and as-
sociated convergence circuits are no longer
required.
The three electron beams are arranged in
a horizontal line, and the cathodes are elec-
trically isolated so that thev can Dbe driven

RCA PRECISION
IN-LINE SYSTEM

SLIT SHAPED
APERTURES

VERTICAL LINE SCREEN
(NON MATRIX}

1
A

N

|
40|

N K2 B L
AR I_ i
g S B S
VERTICAL LINE SCREEN
(MATRIX-NEGATIVE GUARD 8AND}
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ROUND
APERTURES

(NON MATRIX)

DOT-TRIAD SCREEN
{MATRIX-NEGATIVE GUARD BAND}

by both the video and chroma signals.

The static toroidal deflection yoke coils
are precisely placed in winding grooves
molded in plastic rings, and a permanent
magnet convergence and purity device is
included in the system which is factory ad-
justed for optimum performance. The yoke
is permanently bonded to the neck of the
CRT to form an integral assembly.

It is claimed that this new approach per-
mits installation and setup of a color tube
assembly with a simplicity approaching that
of a black-and-white tube.

CONVENTIDONAL
DELTA
SYSTEM

The new tube is 1.8 inches
shorter than the present
90-degree type, and about
2.5 pounds lighter. The
line-type screen reduces
beam-to-phosphor register
problems providing supe-
rior color pictures.

The 15" 15VADP22 tube
has an |overall length of
14.2" a’d has a 9.5" by
12.7" usable screen. The
area is 117 square inches.
The weicht, with all neck
components installed, is
close to twenty pounds.

DOT-TRIAD SCREEN

POPULAR ELECTRONICS Inciuding Electronizs Warld
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Seeing

BY FRED W. HOLDER

i,
Acoustical

Holography

Three-dimensional pictures made with

ultrasonic energy have many applications.

HOLOGRANM is a recording of the in-

terference pattern formed when two
single-frequency beams intercept each
other in a plane. If an object is placed in
the path of one of the beams, it modifies the
interference pattern to include its image.

In optical holography, the beams are
laser-generated, and the recording medium
is a photographic plate or film. The holo-
gram, when viewed in ordinary light, ap-
pears to contain nothing more than an
unintelligible pattern of lines, swirls, and
dots. But when it is illuminated by another
laser beam, it becomes a “window” through
which an observer can see the reconstructed
three-dimensional image of the object.

A hologram can be constructed from al-
most any form of single-frequency radia-
tion, inctuding sound and radio-frequency
beams. This article investigates the use of
sound waves to construct acoustical holo-
grams, a new technology just emerging
from the laboratorv. The use of sound
beams brings a new dimension to holography
because, unlike light, sound penetrates
solid objects to provide a three-dimensional
“interior-view” of the object.

Perhaps the most useful application of
acoustical holography will be in the field

JULY 1973

of medicine as a diagnostic tool. It would
permit the phvslcmn to “see” inside his
patients” bodies to view bones, nmscle tis-
sue, blood vessels, tumors, and other soft
tissue—all in three vivid dimensi()ns without
the dangers attendant to surgery and X-ray
diagnoses.

The biological scientist might use the
acoustical hologram to obtain an interior
view of microscopic objects. Industry might
use it to conduct non-destructive testing
to uncover flaws in castings, welds, ete., in
their efforts to make better and stronger
products. And the oil industry might use it
to see deep inside the earth to seck out
new deposits of oil that cannot be detected
by other methods.

Acoustical holography presents two sig-
nificant problems not encountered in optical
holography, however. First, a good method
must be developed to record the hologram.
Second, the size of the reconstructed oh-
ject image is smaller than the object itself.
The latter problem occurs because the size
of the reconstructed image is proportional
to the ratio of the recording and recon-
structing beam wavelengths. For example,
in one experiment, a 7-MHz sound wave
with a wavelength of 2 X 10—* meter was
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used to construct the hologram. Recon-
struction was made with a 63 x 10—%
meter wavelength laser beam. With this
317:1 ratio, the reconstructed image was
so small that it had to be viewed through a
telescope. (This problem does not exist in
optical holography where the wavelengths
of the two beams are very close to being
identical.)

To resolve the first problem, several
methods have been developed to generate
the acoustical hologram: liquid-surface levi-

tation, mechanical scanning, electronic
LLASER BEAM
“' Y
BEAM
SPLITTER
Y
A
n GAS I
LIQuID
REFERENCE %
WAVE OBJECT
TRANSDUCER

scanning, and optical scanning. The sim-
plest of these to implement is the first.

Liquid-Surface Levitation. The liquid-
surface levitation techuique of constructing
a hologram is based on a discovery made
by Soklov during the 1930’s. He discovered
that, when a sound beam is directed up-
ward toward the surface of water, the
surface is pushed upward until the increase
in the height of the water plus the surface
tension exactly cancel the vertical com-
ponent of the sound pressure. If two sound
beams are directed upward so that they
intersect at the surface, a stationary ripple
pattern will form on the water’s surface.
The ripple pattern represents the inter-
ference of the two beams.

If an object is placed in one of the beams,
the ripple pattern is modified to include the
image of the object. Then, by illuminating
the ripple pattern with a laser beam (Fig.
1), the image of the object is reconstructed
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in three dimensions. However, the recon-
structed image will be smaller than the
ob]ect by the ratio of the sound beam and
laser beam wav elengths so that a telescope
will be required to view the image. The
surface of the water can also be photo-
graphed to provide a permanent record
of the hologram, which can be reconstructed
by illuminating it with laser light.
According to A.F. Metherell in his So-
ciety of Photo-Optical Instrumentation
Engineers paper “The Present Status of
Acoustical Holography,” there are two basic

RECONSTRUCTED
IMAGE

Fig. 1. Diagram shows how the
liquid levitation system gen-
erates an acoustical hologram.
(Drawing courtesy R; K. Mueller)

problems encountered in the use of surface
levitation. One is that the swrface of the
liquid is very sensitive to vibrations. The
other is that the two beams of acoustical
energy must be very carefully balanced to
prevent surface streaming. Both of these
problems break up the fihe ripple pattern
of the acoustical hologram formed on the
water’s surface.

In his paper, Metherell describes a meth-
od for tackling the problems (Fig. 2) de-
veloped bv Bwon Brenden. Brenden placed
a small tank, with an acoustically trauns-
parent membrane stretched across its bot-
tom, at the liquid surface. A 2-3-mm laver
of oil placed on the membrane reduced the
surface streaming effect and decreased the
surface sensitivity to vibration. He also
used an acoustic lens to project the acoustic
image of the object onto the liquid surface—
the hologram plane—to form an in-focus
acoustical hologram in the liquid surface.
Thus, the reconstructed image of the object

POPULAR ELECTRONICS Including Electronics World
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Fig. 2. Surface levitation using Bren-
den technique. (Courtesy B.B. Brenden)

is viewed in the plane of the liquid surface
rather than at a distance below the surface.
This compensates for the differences in the
wavelength of the sound used to form the
hologram and the laser light used to re-
construct the image.

The first commercially available acousti-
cal hologram system is called the 1Tolosonic
Ultrasonic  Imager. Made by Iolosonics,
Inc., it emplovs Brenden’s process to de-
velop and reconstruct the holographic
image. The sound source is cvcled on and
off 300 to 400 times a second, with an on-
time duration of roughlv 80 us. The acousti-
cal pattern builds up and dies down with
each sound pulse. When the acoustical
hologramn  reaches its optimum shape, a
pulsed argon laser illuminates it {or a few
microseconds  so  that the reconstructed
image can be viewed. The images are re-
flected onto ground glass or picked up and
displaved on a TV monitor.

A real-time image of 2 honevecomb struc-
tnre made by the Holosonic Model GP-3
Ultrasonic TImager is shown in Fig. 3. The
hologram for this image was constructed
using  5-MIz sound. In discussing  the
Inmager, Bvron Brenden. Vice President of
Engineering at Holosonics, points out that
the system can be used for non-destructive
testing of metal and plastic structures. He
also indicated that it can be used in medical
applications.

To date, most of the medical applications
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of acoustical holography have been con-
fined to research. It has not heen accepted
as a diagnostic tool at this time because
fast and highly sensitive systems that can
accommodate larger viewing apertures are
necded before it can be placed into general
use by the medical profession. Also, the
need for a coupling agent, such as walter,
hetween the patient and the transducers.
will make such a system large and rather
cumbersome.

The primary advantages that acoustical
holography  has to offer medicine are its
abilitv to show the soft tissue and the mini-
mal damaging elfects of sound waves on
living  tissue. However, A.FF. Metherell
points out that there is no doubt that ultra-
sound of sufficient intensitv applied for a
sufficient period of time will destrov tissue.
The obvious question is, at what level of
ultrasound is there no damage to tissue?
This and manv other questions must be re-
solved before acoustical Tolography will
find widespread use in the medical pro-
fession.

Although Brenden’s techniques used in
the GP-3 solve the first of the problems
indicated by Metherell, it still uses a ref-
erence heam that must be carefully hal-
anced with the object beam. P.S. Green of
the Stanford Research Institute has dem-
onstrated, however, that liquid surface
levitation can be accomplished without the
use of a reference sound bean. This is
accomplished bv placing a wire grating just
helow }the snrf;i(‘epof th%—:‘ water 1'bn thehplulh
of a focused object heam. When the acousti-
cal object image forms on the surface, it
has o grating pattern superimposed upon
it. This permits the acoustical image to be
reconstructed in the conventional manner.
Metherell points out, however, that this is

Fig. 3. Image of honeycomb structure
made by Holosonic Ultrasonic Imager.
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POLAROID CAMERA
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S\ Ve~ structed by mechanically scan-
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GENERATOR L LCYRASONIC surface and recording sound in-
ULTRASONIC SOURCE tensities with CRT and camera.
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not an acoustical hologram, even though
the results are the same.

Mechanical Scanning. The preceding
methods of constructing the hologram have
utilized the surface of a liquid as the holo-
graphic plane. This plane could just as
well have been located below the surface
it some means were available to detect the
sound. As shown in Fig. 4, for example, a
mechanical scanning device can scan a
plane below the surface where the beams
intersect. The sonic S]gndl intensity de-
tected at each point is used to modulate
the beam of a cathoderav tube (CRT)
which is synchronized wtih the mechani-
cally scanned hydrophone. Through time
exposure, the image is recorded on film.
The object image is then reconstructed in
the conventional manner using a laser to
illuminate the photograph.

It is interesting to note that, when using
mechanical scanning for constructing the
hologram, it is possﬂ)]e to use on]v one
sound beam. The reference heam can bhe
simulated electronicallv by mixing it with
the sonic signal <u1the1ed from the hvdro-
phone. This methods disadvantage is that
it is slow, not to mention that the result is
a composite sampling of manv different
sonic waves. It will be unsatisfactory if
the ob]'ect Is not stationary.

In “Acoustic Holographv” (Proceedings
of the IEEE, 1971), RK. Mueller of Ben-
dix Research Laboratories notes that in-
dustrv has been seeking application of
acoustical holographv for non-destructive
testing ever since it bhecame a technical
realitv. He adds that mechanical scanning
methods have received considerable study
and have produced some high quality re-
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sults. In this application, mechanical scan-
ning can be very effective because the
ol)]ect under test is immobile and real-time
construction is not necessary. It also per-
mits scanning over larger areas than is
possible with most other methods.

Mueller points out that the holographic
approach is not limited to simple imaging.
With proper signal processing, it would be
possible to acoustically compare mass-pro-
duced parts with a master part. In anv
case, the end result would be increased
quality and improved reliability.

Electronic Scanning. The same general
results obtained from mechanical scanning
can be obtained with a matrix of hydro-
phones that can be electronically scanned
at a rapid rate. The sound intensity at each
hydrophone can be sampled momentarily
and used to intensifv the beam of a CRT
or other imaging device. In this case. the
scan would be rapid enough that the holo-
graphic image could be photographed
directly.

An acoustic underwater viewer based on
this technique has been developed by
Bendix. This svstem offery much potentm]
for undersea wse because direct optical
viewing is hmited to verv short ranges and
sonar cannot provide a recognizable image
for accurate identification and classification
of the target. Acoustical holography, on the
other hand, is capable of producing good
images over a comparativelv large field of
view,

The major components of the Bendix svs-
tem are the sound transmitter, receiving
array, electronic signal processor, and real-
time image reconstruction device. The
transmitter is a small spherical shell of

POPULAR ELECTRONICS Including Electronics Worid
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piezoelectric ceramic that vibrates in a
radial mode. The receiver array is made
up of lead-zirconate-titanate slugs mounted
in an acoustically soft baffle to form a
planar matrix. These elements arc spaced
4:5 \\_'avelengths apart to provide the proper
viewing aperture.

The signal processor electronically gen-
erates all of the holographic data simul-
taneouslv. The signals received at each
element are mixed with a reference signal,
integrated for a predetermined length of
tine, and stored as a voltage level that is
proportional to both the amplitude and
phase of the detected signal at that point.
When all of these points are displaved on
a CRT, thev make up the complete holo-
gram.

The image can be reconstructed in real-
time if the CRT is replaced with an elec-
tro-optical light modulator tube such as
that shown in Fig. 5. The image can then
be reconstructed directly in real-time Dby
illuminating the face of the tube with a
laser beam. Though the electro-optical
modulator is still in the development stage,
it can handle up to 400 resolved points per
line—well within the requirements of ultra-
sonic holography in the 100-kHz to 1-MHz
]'il”ge.

As a third alternative, the data can
simply be recorded on magnetic tape tor
luter processing and refining by an analog
or digital computer. Use of the digital
computer seems to offer considerable prom-
ise as refinements are made in the tech-
nologv.  For example, the photographic
enhancement techniques being developed
for NASA at the Jet Propulsion Laboratory
might well be adapted to enhance acousti-
cal holograms. These techniques were used
very successfully to enhance similar data
pictures of Mars and the moon that were

PROCESSED SIGNAL FROM

recorded and returned
probes.

Computer reconstruction has considerable
advantages over other methods of recon-
struction. For example, all mon-random
image degradation can be Corrected‘easily
and complex image processing can be ac-
complished when desired during the re-
construction. Too, it is not necessary to
carrv the conjugate image through the
reconstruction process. The result is less
complexity and noise at the image plane.

Computer reconstruction is used very
effectivelv in seismic applications. R.A.
Peterson of Bendix United Geophysical
Corp. indicates that his company performs
image field reconstructions by suitable op-
erations in a high-speed digital computer,
with final graphical display of the recon-
structions of the geological subsurface. The
image is constructed divectly with the
computer, bvpassing the need of recon-
structing a holographic image with a laser.

Peterson points out that holography is
“state-of-the-art”™ in  seismic  operations.
However, unlike other acoustical hologra-
phy operations, they use wideband sound
(20-60 Hz) because of the poor vertical
depth resolution that can be obtained with
single-frequency sound. The data is gath-
ered using “linear-slot” receivers that give
two-dimensional cross-sections rather than
three-dimensional volume recoustructions.
This is done to keep down the staggering
cost of equipment to construct three-dimen-
sional images in seismic opcrutions.

The data obtained by the receivers are
recorded as a multi-channel time-history
record on digital tape rather than as an
opticnl interference pattern on a photo-
graphic plate. The data are then re-
constructed directlv through computer op-
erations and plotted as a graphical outout.

by deep-space

RECEIVER ARRAY

CONTROL GRID

ELECTRON BEAM
SCANNING SIGNALS

ELECTRO-OPTIC
DISPLAY TUBE

KDP CRYSTAL

Fig. 5. An electro-optical light modulator
tube may be used to reconstruct the holo-
gram in real time. (Courtesy R.K. Mueller)
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Fig. 6. Laser scanning of acoustically
excited reflective coating may be used
to construct holograms. (By R. K. Mueller)

Television
al
‘ Set

Active in acoustical holographv from
the verv beginning, Bendix Research Labs
have developed another form of electronic
scanning using an electron-heam-scanned
piezoelectric area detector. This “Sokolov
tube” serves as an ultrasonic camera for
detecting acoustic waves. It is hasically a
modified TV camera tube with a thin reso-
nant piezoelectric (quartz) crvstal face-
plate. The crystal plate is designed to
resonate at the sound frequency being used.
Sound waves striking the surface cause the
crvstal’s surface to vibrate locallv to gen-
erate a piezoe]cctric \'oltﬂge prbportional
to the strength of the sound wave at that
point. As the electron beam scans through
its cvcle, the secondarv emission from the
taceplate is modulated bv this voltage. The
modulated secondarv emission signal s
combined with the ultrasonic reference sig-
nal to generate the necesarv interference
signal and is used to intensifv the beam
of a television monitor.

Optical Scanning. Mueller describes an-
other method of producing the hologram
that was suggested by Dennis Gabor, a
British scientist who first thought of the
concept of holographv. Tt is one of the
most promising candidates for use in an
ultrasonic microscope. This concept has
been implemented by Korpel and Desmares
into the system shown in Fig. 6. Here, the
sound beam is directed into an acoustic
medium so that it strikes the front surface
at an angle. The front surface is a thin film
that is completely transparent to sound but
is reflective to light. The object to he
recorded as a hologram is inserted into the
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sound path inside the acoustic medium
where the ultrasonic waves strike its sur-
face and cause a ripple to move up the
front surface.

A laser beam scanned over the surface
is reflected by the ripple, modulating the
light beam. The variations in reflected light
are converted to a modulated voltage by
means of a knife-edge and photodetector.
The modulated voltage signal is then mixed
with the reference signal and displayed on a
TV monitor as a hologram. In concept, this
is similar to the piezoelectric method, but
it is less limited in resolution and is espe-
cially suitable for high-frequency imaging.

Another method considered applicable
to the ultrasonic microscope is Bragg dif-
fraction imaging. As demonstrated by Kor-
pel, it is based on the principle that, when
light and sound beams pass through the
same space, the light is modulated by the
sound waves. Hence, it is possible to obtain
an optical image of the sound source or of
an object if it is placed in the sound beam.
Figure 7 is a diagram of the original ex-
perimental setup Korpel used to obtain
Bragg diffraction holography in two dimen-
sions. According to Mueller, Korpel later
obtained full holographic imaging using this
method.

Mueller states that hoth of these methods
are applicable to ultrasonic microscopes
because acoustic waves in the frequency
range of 0.1 to 3.0 CHz have wavelengths
in water ranging from 15 um to 0.5 um
(wm = micrometers). Therefore, it is quite
conceivable that sound waves can provide
a means of viewing microscopic objects
with a resolution approaching that of bl)ti—
cal microscopes. Such microscopes would be
of great value to the biological scientist
because they use the mechanical properties
of the object rather than its optical prop-
erties.

ABSORBER SOUND CELL SOUND IMAGE
WATER
TELESCOPE
%)
A”ERTURE
TRANSDUCER
SCREEN .#~
22-MHz
GENERATOR

Fig. 7. Bragg diffraction imaging uses
sonic beam to modulate laser and gener-
ate image on a screen. (By R. K. Mueller)
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ELECTRONICS

BRAIN

CONTROL

We are learning more about

our gray-matter computers

BY L. GEORGE LAWRENCE

I'l IS TIME that we closelv examined
brain control, now that scientists are
actively seeking to unravel the mvsteries
that shroud that miniature bioelectric giant
knowit as the human brain. Elements of
brain control can already be found i anti-
collision radar technology involving birds.
[t has also been substantiated that, by
pumping energy in the gigaheriz range of
frequencies through human heads, subjects
can suddenly  “hear” without using  their
ears.

Much remains to be done to correlate
and sift out concealed tacts. We still know
very little about the all-important coding
events that take place in the brain’s neuron-
synaptic complex. How can we measire and
reinforee snch s‘igniﬁc;ml himan capacities as
love, will, and character? Does uncontrolled
electromaguetic pollution alfect the brain?
These and other questions remain to be
answered us scientisls delve deeper and
deeper into the human brain with the help
of electronics.

What Is the Brain? The theory that the
brain is a trne electronic machine has often
been proposed. To a point, the theory is
true. As Dr. Wilder Penfield demonstrated
some vears ago, the electrical stimulation of
brain tissue during skull surgery triggers
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lucid audio-visual recalls of past events in
patients. The patient “sees” and “hewrs”
complete increments of true life experiences,
all in correct sequence.

But consider Fig. 1. Studies are enor-
mously complicated by the fact that the
hiuman brain - contains an estimated 10
hillion nerve cells called “nenrons” and -
other 100 billion of a second type called
“olial” cells. The fluid bath in which these
cells are suspended is a vital element in their
clectrochemical interactions. Is it here where
emotional  components and  memory are
stored and where we have susceptance to
microwave and other electromagnetic fre-
quencies?

Such questions guide us into the subject
of “synaptic” transmission. The term “sy-
napse” is derived from the Greek phrase
“to clasp” and was introduced in 1897 by
a Dr. Sherrington who used it to describe
the junctional region between two nerve
cells. In many cases there is a gap or clelt
across a synapse. (In other cases, as in fish,
a synapse is a real physical joint.)

One big neuron might have on its surface
as many as 10,000 points of contact (synap-
tic knobs) with other neurons. When the
latter are stimulated, some of the millions
of ribonucleicacid (RNA) molecules inside
them give orders to the glial cells to manu-
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facture new proteins. The nature and pat-
tern of these proteins contain an imprint
of something that has been perceived and
apparently gives rise to a molecular “en-
gram,

We also find electrical dipoles in synaptic
mechanisms which, when oriented and ar-
ranged in a large array, apparently can pro-
duce an electric field strong enough to drive
positive ions over the junction barrier of
the postsynaptic membrane (in a manner
similar to that in a transistor) and thereby
initiate excitation or produce depolarization.
So, one comes to believe that the nature of
synaptic transmission is essentially electrical,
be it mediated by electrical or chemical
transmitters.

By inference, then, the possibility arises
of humun brain control by electromagnetic
forces directed at it from the outside. If
such radiations can be suitably coded to
elicit a synchronous response in the neuron-
synaptic complex, the brain will trigger
motor functions which, in turn, cause man
or animal to execute a programmed act.
Here we have some fascinating experiments
that hold great hopes for the immediate
future.

In the case of hearing, for example, we
have been taught that our auditory system
can respond only to acoustic energy. This
“fact” is far from correct. Experiments con-

T
NERVE
CELL

L|
IMPULSE. TERMINAL

GLIAL CELL

RNA
TRANSFER -

BRAIN CELLS' JUNCTION

ducted by Dr. Frey and others clearly indi-
cate that the audio sense in man—and
probably in animals, too—can respond to
electromagnetic energy in at least a por-
tion of the r-f spectrum. Data shows that,
at very low power levels (to preclude bio-
logical damage) in tests like that shown in
Fig. 2, there are audio sensations at fre-
quencies as low as 200 MHz and at least as
high as 3 GHz. When low-level energyv was
directed at them, the test subjects reported
“hearing” a buzzing sound. However, they
found it almost impossible to match r-f
sounds to a sine wave. The apparent source
of the buzzing, clicking, knocking, or hiss-
ing sounds is described as being within or
immediately behind their heads. This local-
ization persists no matter how a person ro-
tates or twists his head in the r-f field.

It was during these studies that a pro-
foundly important discovery was made: deaf
subjects often had the ability to hear r-f
sound. The clinical criterion was that, if a
given person could hear audio above 5 kliz
either by bone or air conduction, then 1-f
sound could be heard as well. This and re-
lated work has resulted in the manufacture
of r-f tvpe hearing aids for the deaf, one
of which is made by Listening, Inc., 6 Gar-
den St., Arlington, Mass., and is known as
the Neurophone Model GPI-1. It operates
at 100 kHz and employs crystal control.

/ ,DENDRITES
NERVE CELL TERMINALS
L{SYNAPSE)

TERMINALS OF
CONNECTING NEURON —

NEURON

Fig. 1. Neuron/synaptic mechanism in the human nervous system.
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These observations tie in with the fact
that some individuals can detect radio pro-
grams through the fillings in their teeth.
This phenomenon was technically verified
by interposing shields between respective
people who exhibited it and the modulated
-t sources. When the lower half of the head
was covered, including the maxillary dental
area, the r-f sound was perceived. The
sound ceased upon covering the top half of
the head. While the mechanism responsible
tor this phenomenon is only imperfectly un-
derstood, it can be assumed to be the result
of direct cortical nerve fiber stimulation.

We also have another form of hearing
sensations that come about when the human
head is placed between two large capacitor
plates that are excited by varving electro-
static potentials. “Electrophonic hearing,” as
it is called, apparently acts on the car’s
tympanic membranes in a quasi-mechanical
manner. It is useful as a new research tool
in specialized psycho-phvsiological studies
on the auditory or vibrotactile svstem.

Unavoidably, data of this sort begs ap-
plication. Pilot studies are under way to
apply eltective electrodynamic brain control
to animals and man himself. Consider, for
example, the hrain-wave proposal based on
ideas put forth by the late Dr. Norbert
Weiner, the acknowledged father of cvber-
netics.

According to Weiner, a sheet of tin sus-
pended tfrom the ceiling of a room and con-
necled to a 10-Hz electrostatic genevator
can cause nunpleasant sensations in human
subjects. With o field strength of 1 or 2
volts per sq cm, the oscillating field roughly
coincides with the human brain’s alpha-
rhvthin frequency but attewnpts to lock it
to a fived frequency-—that of the generator.
Electronic sleep machines emplov similar
principles, with currents of fixed amplitnde
and pulse width (usnally sqnare waves) be-
ing fed by conductive face masks through
the cranium and brain.

Brain Contro! of Birds. Rudar technology
is now being nsed to deal with the problem
of birds getting in the way of fast flving
aireraft. The idea is to trigger a flying bird’s
{or a whole lock’s) brain into motor fune-
tions to iitiate collision avoidance by hav-
ing the bird(s) veer ofl the flight path of
the plane. This arca of research was trig-
gered by the staggering incidence of plane
bird collisions  that result in equipent
damage estimated to be in the millions of

JULY 1973

MAdALaaaricanracdinhictan, com

REGION MOST SENSITIVE
TO ELECTROMAGNETIC
ENERGY

TRANSMITTER

NOISE
e
[‘N«I [wu-,u
\ . \ ENERGY ENVELOPE

N suBJECT \ N
N N\

\

RADAR
TRANSMITTER

Fig. 2. Microwave susceptance area in brain.

dollars each vear and the human lives that
continue to be lost as a result of such
collisions.

The work being carried out bv the Na-
tional Research Council of Canada bears
much promise in bird-brain control. The
NRC’s test svstem takes the form ol a car-
ousel of bird cages containing live chickens.
(Fig. 3) Only one of the many cones sus-
pended above the cages containg a micro-
wave antenna. The program, headed by
Dr. Alan Tanner, aims to evolve microwave
brain-control svstems that will have the
greatest possible effect on birds while
the same time deploying the least amount
ol power.

When exposed to microwave radiation,
birds in general exhibit escape reactions.
This fact became ¢lear during World War
I[. Investigators also found that in each
case the microwave field throngh which
birds were flving was of verv low intensity
—t00 1()\v, in fucr, to account for confusion
and escupe reactions on the basis of heat
generated in the animals’ hodies.

Different species of birds have different
behavioral patterns. In the laboratory
few seconds after the microwave field has
been initiated, the given bhird's wing outside
the field of radiation becane collapsed and
the opposile wing became extended. Simi-
lar phenomena were observed with the legs.
Sometimes the bhirds heeled over to the
ontside of the field. In the tuming reaction,
the outer side of the bird hecomes para-
Ivzed. In short, the microwave hewm inter-
acts with the nervous system of the test
birds. Seagulls and pigeons reacted similarly,
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though the gulls are more inclined to initi-
ate flight.

It is interesting to note that a bird’s
feathers appear to play a much greater role
in the sensory complex than has been real-
ized Dbefore. Defeathered chickens, for ex-
ample, give little or no reactions to micro-
wave fields until the twelfth day, at which
time new feathers start to grow and tips
protrude from the surfuce of the skin. In
the case of fully feathered chickens whose
tail feathers were exposed to microwave
radiation, the birds immediately ccased ex-
ploration of their cages and exhibited
wounting signs of distress after a period of
10-20 seconds. When the microwave field
was switched off, the birds responded bv
fluffing their body feathers and active
preening.

The Canadians believe that the physical
properties of quill tissue—particularly the
piezoelectric properties that are fundamental
to living tissue—suggest mechanisms that
have heretofore been overlooked. However,
work carried on by Dr. Tanner and his staff
as well as research conducted elsewhere
should in time yield a microwave beam of
the proper wavelength and modulation to
cause birds to activate collision avoidance
with all possible haste.

Brain-Wave Detection. Some 10-odd years
ago, university professor F. Cazzamalli

started publishing papers on the subject of
brain-wave detection and implied that he
had detected radiations from the mind. As
shown in Fig. 4, he placed subjects in a
shielded room (or Faraday cage), emanated
vhf radiowaves through their heads, and
claimed to have recorded “beat frequencies”
obtained with an untuned receiver consisting
of a galena crystal or diode tube, a fixed
capacitor, an antenna, and a sensitive light-
beam galvanometer.

The trouble is that Cazzamalli never
mentioned transmitter power in his some-
what unprofessional papers. His oscillograms
meant to show variations of the “heat”
when his subjects were emotionally aroused
or engaged in creative tasks when they
were in the Faraday cage. Later, he told an
astounded world that his subjects would
hallucinate when under the influence of his
“oscillatori telegrafica,” its frequency being
about 300 MHz at the timne.

Tom Jaski, a noted science writer and
engineer, duplicated some of Cazzamalli’s
work with a modern low-power oscillator
that was swept trom 300 MHz to 600 MHz.
His subjects could not see the dial. They
were told to sound off as soon as they felt
something unusual. At a certain frequency
range—varving between 380 MIlz and 500
MHz—the subjects repeatedly indicated
points with exact accuracy in as many as
14 out of 15 trials. At these “individual”

Fig. 3. Microwave test carousel to determine reactions in live birds. Only one cone
is active; all others are dummies. (Courtesy National Research Council of Canada)
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Fig. 4. Cazzamalli's brain-wave detector of some years ago is illustrated here.

frequencies, the sanie subjects announced
having e\pelwnccd pulsing sensations
the l)mm ringing in the ears, and an odd
desire to hite the experimenters. The oscil-
lator’s output power was anly a few milli-
watts, while the oscillator itself was located
several feet away from the subjects.

The Conclusions. Considering the ingredi-
ents of the few sample discussions presented
above, it appears that both humans and
animals have brains sensitive to 1-f energy.
The correlating mechuanisins are only im-
perfectly known, but they apparently re-
side within  the neuwron-synaptic complex.
Nor will we know how this susceptance

affects our longevity without proceeding
with a great deal more research.

Just how electromagnetic radiation affects
our social structure has led to a great deal
of speculation in the past. For example, the
late Dr. Goldman once insisted that r-f
energy allows the id, or primitive brain, to
take control over human affairs. Such con-
siderations might open a Pandora’s box
when applied to an explanation of our
sharply increasing crime rates and decline
of social fidelity. So, before we rush pell-
mell into electromagnetically contaminating
our environment, it would serve us well
once and for all to discover what adverse
eftects, if any, it will have on our lives. ©

TV COMMERCIAL KILLER
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* Auto reset
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Test Equipment
Scene

\

J

A FEW MONTHS ago, in this column,
we were discussing audio generators
and the statement was made that sine
waves leave a lot to be desired when it
comes to audio testing. We also noted that
very few people had ever seen a real sine
wave—most of us having been looking at
“almost sine” waves (via a scope of course)
for most of our electronic lives. It was
pointed out that tests showed that most of
us could observe a sine wave having 3 to
5% distortion (in some cases much more)
and never know it. Yet, we didn’t object to
using this waveform for audio testing.

A listening test made by Stereo Review
(May 1973) had interesting results. It was
demonstrated that only 0.15% distortion was
perceptible on a single-frequency tone. Mix-
ing two tones raised the perception thresh-
old to about 2%, while three simultaneous
tones resulted in 4% When listening to
normally complex music, it was necessary
to raise the distortion to a whopping 6%
before it became perceptible. In light of
these tests, it appears that a sine-wave gen-
erator (or any other source of a single-fre-
quency signal being used as the test tone)
should have distortion of less than 0.1% to
be on the safe side. Actually, good engineer-
ing practice dictates that it should be one
decade better than the equipment being
tested, so we should shoot for 0.01%.

Of course, test equipment manufacturers
are aware of the distortion problem and are

Triangle
Waves
For lesting

70

By Leslie Solomon. Technical Editor

doing their utmost to make a perfect non-
distorting sine wave. Unfortunately, most
homemade units and many older commercial
generators still have the distortion figure of
2 or 3%.

In the following discussion, it is not our
intent to denigrate the use of sine waves;
rather it is to give the thinking reader some
ideas about other—possibly better—ap-
proaches to audio test gear, in the interest
of furthering his audio electronics educa-
tion. The possible result of all of this of
course would be better audio test equip-
ment and, thus, better audio systems.

The sine wave is one of the easiest wave-
forms to generate electronically and was
one of the first types of waves used in audio
work. All it takes is an amplifier, some fre-
quency selective feedback, and—uvoila—
an “almost sine.” Feed this through a
Schmitt trigger (for example) and you have
a square wave.

Consider the Triangle. Although sine
waves are still used for frequency response
and distortion testing, and square waves
are used for testing transient response,
stability (damping), and relative frequency
response, let us take a look at an almost
unknown waveform——the triangle (not saw-
tooth, but triangle).

This unique waveform can be used in all
of the operations for which the sine and
square waves are used; and it also has a
couple of useful features of its own. Why
the sudden interest in the triangle wave?
Probably, it is due to the introduction of
low-cost monolithic op amps. Just two of
these devices can be used to make a dandy
triangle-square generator.

First, let’s take a close look at the tri-
angle waveform (Fig. 1A). No doubt we
all agree on what a straight line looks like,
and the sharp tips are easv to see

Observing the exact clipping point of an
amplifier with a sine wave is not that easy
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since the top of a sine wave is “almost flat”
and the signal has to be “diddled” with in
order for us to see the exact clipping point.
However, with a triangle, there is no doubt
about clipping since those sharp points
blunt very rapidly (Fig. 1B).

Crossover distortion (Fig. 1C) is also
very easy to detect—as it is In a sine wave,
though it shows up a little more clearly on
the triangle.

The importance of the straight lines of
the triungle waveform really shows up when
we are measuring the constancy of gain of
an amplifier. Parasitic oscillations may take
place in an amplifier at cerlain levels of
gain and not at others. Even though these
gain variations may be so high in frequency
and of such short duration that they are not
apparent using conventional techniques,
thev almost always cause a change in gain
which appears as slow variations in the
triangle wavetorm (Fig. 1D).

VY

CROSSOVER
LINEAR CLIPPING D ovE
(R) (B) .
(C),

A A

GAIN CHANGE HF ROLLOFF LF ROLLOFF
(D} (E) (F)

Fig. 1. Effects of distortion on triangle.

Waveforms in Figs. 1E and 1 show the
elfcets of high- and low-frequency rolloft.
Note that ouly one triangle frequency is
needed to show these eflects.

Active Differentiation. Buck in November
ol 1972, we discussed the use of active
differentiation in andio testing. Now, as-
sume that you inject a clean triangle wave-
forn into an amplifier as shown in Fig. 2.
Also assume that the amplifier being tested
has some slight distortion. By pussing the
output of the amplifier through the active
differentiator, a square wave is produced
on the scope. There will be a clearlv visible
“notch” on the square wave il there is any
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distortion in the triangle wave. The depth
of the notch is a functior of the amount of
distortion and the position of the notch
shows where (at what amplitude) on the
triangle the distortion is occurring. This
method of finding distortion is far more
sensitive than others more widely used.

TRIANGLE Uﬁl'gER ACTIVE SCOPE
INPUT L, ' DIFF. VERT
] DISTORTION DISTORTION\'

7\, M
Fig. 2. Differentiated wave shows distortion.

For those who are mathematically in-
clined and are looking for proof of our argu-
ment, here is a mathematical explanation of
how a differentiator connected in series
with an audio signal emphasizes harmonic
distortion. We will use a simple series RC
cirenit to gronnd.

The current through R is determined by
the reactance of C and i = C(de/dt) where
¢ is the voltage across C and de/dl is the
change in voltage with time. Since X, is
large compared to R, the voltage across R
is negligible and ¢ is effectivelv the total
voltage applied to the network. The voltage
across R is the product of the current
through the network and the resistance or
e, — RC(de/dt). The output voltuge is
then the derivative of the voltage at the
input of the circuit.

Assume that a distorted signal is upplied
to the network fronvan amplifier. The signal
is I'eprcsenl'ed by e = Ecosot I.cos2amt

E.cos3wt, where E,, E,. and E, are the
maxinunn voltages of the three signal com-
poneunts; cosel represents the siusoidal ex-
cursions of the fundamental; cos2et and
cos3ml are the sinnscidal excursions of the
second and third harmonics. respectively;
o is the ungular frequency equal to 2=f.

When the composite signal is applied to
the differentiator, the output is
de/dt = d(Ecosct)/dt + d{(E.cosdel)/dl

d(E.cos3nt)/dt
ol Sinet 20 E.sin2e
3wl sin3ot

Note that the relative size of the second
harmonic is doubled and the third harmonic
is tripled. Thus. with respect to the finda-
mental, the sizes of the harmonics are in-
creased. An  excellent coverage of such
measurements can be found in Measuring
Hi Fi Amplifiers, by Mannie Horowilz, pub-
lished by Howard \V. Sams & Co., Inc. @

7.
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You get your own 161-piece electronics laboratory...
omponents used by industry!

You learn how to construct circuits and
connect them with a soldering iron, which
is part of your CIE laboratory equipment.
This "hands on' experience is exiremely
valuable in applying what you learn.

with authentic electronic ¢

Testing and troubleshooting are an im-
portant part of your tearning experience.
Included in your laboratory is a precision
“multimeter”’ to diagnose electrical and

electronic troubles quickly and accurately.

Modern space-age components like this
IC {integrated circuit) are professional
quality and can be used again and again
in many of your projects. Lesson by lesson,
piece by piece your knowledge grows!

Prepare now for a high income career in Electronics...the Science of the Seventies.

Electronic miracles are changing
today's world with breathtaking
speed.

And with this growth in electronics
technology has come a brand new
need ...a demand for thousands of
electronics technicians, trained in
theory and practice to build the
products, operate them and service
them during the Seventies.

Don't just wait for something to
“happen’ in your present job. Get
ready now for a career you'll really
enjoy with a good income and plenty
of opportunity for advancement.

Experlence with experiments

is your best teacher

""Hands on" experience helps to re-
intorce basic theory. When you
learn by doing, you discover the
“how" as well as the “‘why.” You'll
tind out for yourself the right way as
well as the wrong way to use elec-
tronic components. How to construct
your own circuits, to discover trouble
spots and learn how to fix them. And
with CIE's special Auto-Programmed™
Lessons, you learn faster and easier
than you'd believe possible.

CIE's fascinating course, Elec-
tronics Technology with Laboratory,
teaches you Electronics by making
it work betfore your eyes. And you do
it yourself, with your own hands.

Importance of FCC License
and our Money-Back Warranty
Many important jobs require an FCC
License and you must pass a Gov-
ernment licensing exam to get one.
But, 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 this fa-
mous Money-Back Warranty: when

you complete our Laboratory Course,
which provides FCC License prep-
aration, you'll be able to pass your
FCC exam or be entitled to a full
retund of all tuition paid. This war-
ranty is valid during the completion
time allowed for your course.

You get your FCC License — or
your money back!

You'll have high paying

job opportunities

Efectronics is still young and growing.
In nearly every one of the new excit-
ing fields ot the Seventies you find
electronics skills and knowledge are
in demand. Computers and data pro-
cessing. Air tratfic control. Medical
technology. Pollution control. Broad-
casting and communications. With a
CIE Diploma and an FCC License
you can choose the career tield you
want . .. work for a big corporation, a
small company or even go into busi-
ness for yourself.

Here's how two outstanding CIE
students carved out new careers:
After his CIE training, Edward J.
Dulaney, President of D & A Manu-

facturing, inc., Scottsbluff, Nebraska,
moved from TV repairman to lab
technician to radio station chief
engineer to manutacturer of elec-
tronic equipment with annual sales
of more than $500,000. Ed Dulaney
says, ""While studying with CIE, |
learned the electronics theories that
made my present business possible.”

Marvin Hutchens, Woodbridge,
Virginia, says: "'| was surprised at the
relevancy of the CIE course to actual
working conditions. I'm now ser-
vicing two-way radio systems in the
Greater Washington area. My earn-
ings have increased $3,000. | bought
a new home for my tamily and 1 teel
more financially secure than ever
betore.”

Send now for 2 FREE BOOKS

Mail the reply card or coupon for our
school catalog plus a special book
on how to get your FCC License. For
your convenience, we will try to have
a representative call. If coupon is
missing, write: Cleveland Institute ot
Electronics, Inc., 1776 E. 17th St..
Cleveland. Ohio 44114. Do it now!

Approved
under
G.l. Bill

Please send me your two FREE books:
1. Your illustrated school catalog, ““Succeed in Electronics.”
2. Your book, “How to Get a Commercial FCC License.
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SHURE V-15 TYPE It STEREO PHONO CARTRIDGE
(A Hirsch-Houck Labs Report)

HE SHURE BROTHERS V-15 series of
stereo phono cartridges, especially the re-
cent Type II (Improved), has established
a reputation for tracking ability that has
only rarely been challenged by competitive

cartridges. In the Companys newly an-

nounced V-15 Type 1II cartridge, thev have
somehow managed to make subshmtml im-
provements in what was alreadv one of the
two or three top-ranking cartridges in the
world.

Trackability, the manufacturer’s name for
tracking ability, refers to the abilitv of the
cartridge to follow the highest velocities
found on commercial records over the entire
audio frequency range without significant
distortion. Mistracking is heard, depending
on the frequency mvolved, as a “shatter-
ing” or harshness, as a “sundpaperv” sound
on vocal sibilants, or in severe cases as a
complete loss of contact between stvlus and
groove on high-level low-frequency signals
such as thoase of a bass drum.

A study by Shure engineers revealed that
the most severe tracking problems could be
expected at the Ingher frequencies where
manv records have recorded velocities that
exceed the capabil tv of even the V-15 Tvpe
II (Imp.oved) cartridge. High-frequency
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trackability can be improved by lowering
stylus mass, which raises the frequency of
resonance between the moving mass and the
record material’s compliance. In the V-15
Type III cartridge, the mass was reduced
by 25 percent (to only 0.33 milligram).
This shifted the high-frequencv resonance
from 20,000 Hz to 23,000 Hz, improving
tracking ability in the highest audible oc-
tave.

Low-frequency trackability is a function
of stylus compliance. However, excessive
stvlus  compliance can lead to problems
when plaving warped or eccentric records
if the resonance with the tonearm’s mass
lies below about 5 Hz. Fortunately, the com-
pliance needed to resonate the V-15 Typc
IIT’s stylus with the mass of the cartridge
plus that of a good tonearm (such as the
latest version of Shure’s SME-3009) in the
safe region between 7 Hz and 15 Hz is also
adequate to track any low-frequency re-
corded material.

To compensate for the loss of output volt-
age that would normally result from the
new stvlus design, the internal magnetic
structure of the cartridge was redesigned.
Special laminated pole pieces provide high-
er magnetic efficiency so that the output of
the new Tvype III is the same as that from
the Tvpe I (Improved).

Another improvement has been the flat-
tening of the cartridge’s response curve,
eliminating the slight dip in the upper mid-
range that characterized the Type II (Im-
proved). Like the latter, the Type TIT is
designed to be loaded with a fairlv high
capacitance-—400-500 pF—in shunt with
47,000 ohms for flattest response. However,
the capacitance effect is not as critical in
the Type II1.

The V-15 Type III cartridge is normally
supplied with a 0.2 x 0.7-mil elliptical dia-
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mond stvlus und sells for $72.50. It can also
be had with a 0.6-mil conical stylus as the
V-15 Type III-G for the same price. For
those people with collections of 78-rpm
dises, a new elliptical stvlus, the VN-T8E,
is offered as an optional accessory. The
2.5 x 5-mil stvlus is designed to track at
between 1.5 and 3 grams as opposed to the
recommended tracking force of 0.75 to 1.25
grams for the long-play stvli.

Laboratory Measurements. The very-high-
level low-frequency bands of our Cook 60
and Fairchild 101 test records were tracked
with ease at 0.75 gram, the latter with no
significant  distortion, a characteristic not
common with most other Cartridges. The
output from the 1000-Hz, 3.54-cm/s bands
of the CBS STR100 record was 3.8 mV.
The hum shielding of the Tvpe III was
better than found in most cartridges we
have tested. The square-wave response was
good, characterized by a single moderate
overshoot.

We checked the frequency response with
capacitive loads of 350 pF and 600 pk.

10 - -
SHURE Vv-15 IIT
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WITH SHURE TTR-103
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Both vielded very good results, but the flut-
test response was obtained with the higher
value. I was within = 1.25 dB over the full
frequency range up to 20,000 Hz. Channel
separation was about 30 dB up to 8000 1z
and 15 dB in the 10,000-20,000-Hz range.

To measure trackability, we used the new
Shure TTR-103 test record. This provides
1M distortion measurements in three fre-
quency ranges at velocities ranging from 15
cm/s to 40 cm/s. Although the mumnerical
results cannot be compared directly to those
obtained with any other tvpe of test record.
they essentially confirmed the company s
specifications for the V-15 Type III cart-
ridge. Thev were also considerably superior
to our test results with other fine cartridges,
including the Type II (Improved).

When the compuany introduced the Type
II (Improved), thev also issued a test rec-
ord titled the “Aundio Obstacle Course”
which contained musical recordings at suc-
cessively higher levels to reveal the tracking
limitations of cartridges without the use of
any test instruments. Since this recording is
not much of an “obstacle” to the V-15 Type
I11, the company has prepared a new ver-
sion which they call “Audio Obstacle Course
—ZEra I11.” The new cartridge handled the
Era I1I with ease.

Wondering if the Era III was really as
severe a test as was implied, we tried the
best cartridges previously available and
found that none of them was able to track
the highest levels on the record without dis-
tortion. (Each purchaser of a V-15 Type
III cartridge can obtain a free copy of the
Era III simply by filling in and mailing the
request card packaged with the cartridge.
If oue has any doubts about the superiority
of the Type III, this test will soon dispel
them.)
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User Comments. As might be expected,
the sound using the V-15 Type 111 cartridge
is as uncolored and free from strain as could
be desired. On most records, it does not
sound anv different from some of the other
top-qualitv cartridges available, some of
which have a very similar frequency re-
sponse characteristic. However, a record
that seems to have distorted sections will

almost always sound clean with the Type
111, proving that a large part of the distor-
tion we hear from discs is actually due to
cartridge mistracking. W/ were impressed
with the fact that at 0.75 gram the Type
I will outperform other cartridges that op-
erate in the 1.0-1.5-gram range.

As Shure states in their ads,
1T could do, III can do better.”

(43 .
anvthing

Circle No. 65 on Reader Service Card

HARMAN-KARDON MODEL HK-1000 CASSETTE DECK
(A Hirsch-Houck Labs Report)

BIAS AND EQUALIZATION switching

for both “standard” and “low-noise” ferric
oxide as well as for chromium dioxide tape
formulations are featured in Harman-Kar-
don’s new Model HK-1000 cassette deck
with built-in Dolby noise reduction circuits.
There is also a “memorv” switch used in
conjunction with the index counter to stop
the tape accurately at the “000” count dur-
ing high-speed rewind. Other switches acti-
vate the Dolby system and parallel the in-
puts for monophonic recording using both
channels.

Recording and plavback levels are con-
trolled by four slide-type potentiometers.
Recessed into the rear of the walnut base
are two pairs of line inputs, one pair each
for high- and low-level program sources,
obviating the possibility of having to operate
the recording level controls near their limits
where adjustment might prove difficult. Also
on the rear of the recorder are the line out-
puts and a screwdriver-adjustable tape-
speed control that is factory set and should
not be touched without having adequate test
facilities on hand.

A pair of standard phone jacks on the
front panel accept inputs from low-imped-
ance dynamic microphones, while small
knobs near the jacks are used to adjust micro-
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phone gain (in conjunction with the regu-
lar recording level controls). Plu(mmg a
microphone into either channel input dis-
connects the corresponding line input.

Two illuminated meters indicate peak
signal levels during record and playback,
\vhile red and amber lights come on when
the controls are set to the RECORD and DOLBY
modes, respectively. Below the meters are
four recessed screwdriver controls for the
Dolby system and a test pushbutton that
records a 400-Hz standard Dolby level tone
(0 dB) on the tape. The Lphyback calibra-
tion for the Dolby system fis factory set and
must not be disturbed unless a special cas-
sette (supplied by Harman-Kardon) is used.
The Dolby recording calibration might re-
quire readjustment to accommodate differ-
ent types of tape, a task simplified with the
built-in test tone facility.

The HK-1000 cassette deck measures 15%
in. wide by 10% in. deep by 5 in. high and
weighs 12% pounds. Its retail price is $330.

Laboratory Measurements. The playback
frequency response of the HK-1000, using
a Nortronics AT200 test tape, was +2/—4
dB from 31.5 to 10,000 Hz. An input of
0.18 mV, 30 mV, or 240 mV at the micro-
phone, low-level line, and high-level line
inputs respectively produced a 0-dB record-
ing level. The corresponding line output
during plavback was 0.53 V.

Harman-Kardon provides no indication of
what thev consider to be “standard” or
“low-noise” tape. Unfortunately, few major
tape manufacturers admit to making a
“standard” tape, and even the most undis-
tinguished products are sometimes desig-
nated as “low-noise” types.

Prior experience has demonstrated to us
that Memorex tape is typical of the formu-
lations that vield optimum results in most
good recorders. Because of its wide com-

POPULAR ELECTRONICS Including Electronics World

www americanradiohistorv com


www.americanradiohistory.com

HARMAN~KARDON
: ST R B W ERE SRR
o [
20 T o -
= . RECORD/PLAYBACK RESPONSE |~ | [
) 5 TOK ED 4
z LN BIAS
[«
a
o
@ Of- - ot o
PLAYBACK RESPONSE
' NORTRONICS AT-200 TAPE
T T T T =m
548
b

FREQUENCY (Hz}

78

patibility with moderate bias levels and
commonly used equalization characteristics,
we have chosen to label it as “standard”
(Memorex calls it “Low Noise, High Out-
put”). Perhaps coincidentally, the factory
settings for Dolbv recording calibration were
correct for the Memorex tape.

When we measured the overall record/
plavback response, the combination of stp
bias setting and Memorex tape produced a
falling high-end response, about —8 dB at
13,000 Hz, relative to the 400-Hz level.
When used with the LN bias, a considerable
improvement was noted; the highest fre-
quencies were only about 5 dB below the
midrange levels.

Most “low-noise” cassette tapes gave a
roughlv similar response. The best perform-
ance came from the latest “extended-range”
tapes, such a TDK’s ED which vielded an
excellent, flat overall response within + 1
dB, 20-13,000 Hz, and a slight rise of 2.5
dB at 15,000 Hz before dropping to — 1 dB
at 16,500 Flz. L~ bias was used for this tape.

With CrO. tape and the appropriate bias
setting, there was a gentle high-frequency
rolloft with the same small peak at 15,000
Hz. Overall, the frequency response was a
very good +2.5 dB from 20 to 16,500 Hz.
This is one of the few cassette recorders
that permits the playback equalization to be
changed for CrO. tape, thereby opting for
lower noise instead of a less useful extension
ot the frequency respouse bevond 15,000
Hz. As a result, there is no significant dif-
ference between a good ferric-oxide tape
and a CrO. tape, although there is an ap-
preciable improvement in the signal-to-noise
ratio when CrO. tape is nsed.

With ferric oxide tapes, the 3-percent dis-
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tortion level appeared at between 0 and
+ L5 dB. Using CrO, tape, the same dis-
tortion occurred at a level of —1 dB. The
unweighted S/N ratio, referred to the 3-
percent distortion recording level, was 53.7
dB with Memorex (STD) and 53.9 dB with
TDK SD (LN) tape. TDK KR (CrO.) tape
produced a 57.2-dB S/N ratio. All of these
measurements were obtained with the Dolby
svstem out of the circuit. The Dolby circuits
improved the S/N ratios by 8 dB with fer-
ric oxide and 6.5 dB with CrO. tapes. We
measured a 6-dB greater noise level throngh
the microphone inputs than we did through
the line mputs at maximum gain.

The tape transport operated very smooth-
ly and quietly, with wow and flutter (un-
weighted) respectively 0.04 and 0.16 per-
cent. In fast forward and rewind, a C-60
cassette was run through from end to end in
about 70 seconds.

User Comments. The HK-1000 cassette
recorder performed as well as its bench
measurements suggested. We could not fault
its performance in any respect. Especially
impressive was its flat low-bass response, all
the way down to 20 Hz. Almost every
other cassette recorder we have tested had
considerable low-frequency irregularity or
an attenuated response due to head gap
fringing effects. In contrast, the HK-1000's
bass response compuares favorably with that
of the hest open-reel recorders.

We were surprised to note that micro-
phone mixing was not possible, in spite of
the recorder’s having separate gain controls
for the microphone inputs. In any event.
the best S/N ratio when using microphones
required that these controls be set at their

79

_ wwwwamericanradiohictorv com


www.americanradiohistory.com

maximum positions and the regular record-
ing level controls be set to the operating
le\ el required.

Judging from our experience with this re-
corder, the Lx bias should be used with all
ferric oxide tapes. We know of no tape with
quality worthy of this machine that will not
perform at its best with the L~ bias.

The HK-1000 is a [anlproof machine to
use from a mechanical tandpoint. The
transport controls are cleverlv interlocked
to prevent damage to tapes vet provide a
minimum of inconvenience to the user. All
in all, this is « first-rate recorder, “high
fidelity” in every respect, and versatile
enough to satistv the critical audio buff.

Circle No. 66 on Reader Service Card

HEATH MODEL IB-1100 FREQUENCY COUNTER

ﬁ\(ﬁlﬁﬁ 'ﬁﬁ ‘?“-\'{-‘“"%

SREOuRNEY COURTER

TR Lt

ODAY'S DITITAL frequency counters

are rap.dlv becoming as indispensable to
electronic engineers. te(hmcmns, and exper-
imenters as are oscilloscopes and high in-
put resistance meters. It seems that, every
month or so, one manufacturer or another
introduces a new counter model. One of the
new entries is the Model IB-1100 counter
kit being sold by the Heath Company for
$170.

The IB-1100 is actually Heath’s lowest
cost digital frequency counter. Neverthe-
less. its published specifications are really
quite good. The frequency range of the new
instrument is specified at 1 Hz to 30 MHz.
Working inty a diode-protected FET input,
the sensitivity is 100 mV to 150 V (both
rms) maximum. Bevond 100 kHz, the maxi-
mum input p()tentm] is derated by 48 volts
per decade, but since the hulk of conven-
tional measurements is usually in the low-
voltage range, these ratings should suffice
for all but those very rare occasions when
an attenuator must be used. With an input
impedance of 1 megohm and 20 pF, the
[B-1100 is essentially a non-loading instru-
ment.

The crystal-controlled time base has a
quoted stabilitv of less than 3 parts per
million (ppm) between 22° C and 37° C
and less than 20 ppm between 10° C and
40° C. This stability improves to less than
1 ppm per month after 30 days of operation.

The readout display consists of five gas-
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discharge cold-cathode tubes. These are
backed up bv a neon lamp overrange indi-
cator.

The front panel of the IB-1100 features a
very simple layout. There are only two slide-
tvpe switches: one is for power ON/OFF,
while the other is for range selecting be-
tween kHz and MHz. Belo v the switches is
located a single BNC input connector. Aside
from the readout system, that is it.

The rear panel contains facilities for trim-
ming the time base oscillator, a test point
output connector, and a test point level con-
trol. The crystal oscillator can be trimmed
to zero beat with WWYV 'ising anyv short-
wave receiver and the instructions pro-
vided in the assembly/operating manual.

Owing to the fact that most of the com-
ponents ‘that make up the counter mount on
one large double-sided epoxy printed circuit
board. dssemblmg the IB-1100 was very
easy. Our instrument went t()ﬂetllel in about
7% hours. And it functioned well right from
the very first test.

Using the Instrument. From the layout of
the front panel, it was fairlv obvious that
operating the instrument would be a snap
and it was. All one has to do is connect
the input cable to the circuit under test,
slide the power switch to ox, set the range
switch to the appropriate position, and read
the frequency. Although the instrument uses
only five displav tul)u if 1heasurements are
made in the MHz range, an eight-digit cap-
ability can be obtained melelv by reading
the ﬁomes displaved with the range switch
in the MHz position. Then by ﬂlpplng to the
kHz p051t1()n the display “will fill in the re-
maining figures right down to the nearest
hertz. In the event that the ¢ capacity of the
instrument is exceeded, the overrange
(over) lamp will come on.

Unlike manyv other low-cost frequency
counters, the B-1100 employs a latch be-
tween the counter stages and the readout
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decoder, This meuns that the readouts do
not ripple through their count. They simply
display the final count, changing only to
reflect the count for the updated frequency,
if anv.

We ran a number of frequency tests, us-
ing our crystal-controlled signal generator
(accurately set to WWV) in conjunction

with our other, more expensive, Heath fre-
quency counter. The IB-1100 acquitted it-
self quite well both in frequency accuracy
and sensitivity. During the test, we also dis
covered that the 30 MHz specified top
end was really quite conservative. Our in-
strument ran quite well out to about 50
MHz.

Circle No. 67 on Reader Service Card

REGENCY MODEL TME-16HLU FM MONITOR RECEIVER
(A Hirsch-Houck Labs Report)

IIE REGENCY ELECTRONICS Model

TME-16HLU is a versatile 16-channel,
crystal-controlled,  double-conversion  FM
monitor reeceiver. It covers the 30-50-MHz,
148-174-MHz, and 450-470-MHz  public
service bands via a battery of 16 pushbut-
ton switches located on the control panel.

The receiver can be internally  pro-
granmmed for reception of any eight chan-
nels in the two vhf bands, plus eight more
channels in the ubf band. A quartz crystal
of the proper frequency must be used for
each channel desired. (The receiver is
shipped from the factory programmed for
four Lo and four ur band channels in the
vhf ranges. However, internal jumper wires
can be shifted to group the programmed
channels differently.)

Several reception modes are possible. In
MANUAL, any of the 16 pushbutton selector
switches can be pressed to provide single-
channel monitoring. Pressing the momen-
tarv-contact CHANNEL SELECTOR button
causes the receiver to scan sequentially
through all selected channels  (buttons
pushed in) at a rate of about one channel
per second. Channel identification lights ad-
jacent to the buttons glow as the scan passes
through each chaimel. Releasing the crax~-
NEL SELECTOR when the scan reaches the
desired channel leaves the receiver tuned to
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that channel. The receiver can also be set
up to scan automatically through all select-
ed channels at a rate of approximately 15
channels per second.

Five pushbutton switches are used to se-
lect the scanning range: HI covers the 148-
174-MHz band; Lo covers the 30-30-MHz
band; and nr/Lo covers both vhf bands.
UFH covers the 450-470-MHz band. The
fitth button, marked aLL, sets up the receiv-
er to scan all bands. To use the scan mode,
the squelch circuit must be in operation
and the scax/aranvar button must be de-
pressed.

A pair of slide-type potentiometers is pro-
vided for volume and squelch adjustment.
In the rear of the receiver are separate
standard Motorola auto radio coaxial jacks
that accommodate the external vhf and uhf
antennas. Telescoping vhf and uhf antennas
are provided for use when external antennas
are either not feasible or not required; in-
serted through the top of the cabinet, they
screw into the “front-end” section of the
receiver. The receiver develops 3 watts of
audio output power that drives a small built-
in speaker. This output power is also de-
livered to a terminal block located on the
receiver’s rear apron for driving an external
speaker.

Housed in a wood-grain-finished metal
cabinet, the receiver measures 13 in. wide
bv 8% in. deep by 4% in. high. At its
retail price of $219, the receiver is supplied
less crystals. The crystals are supplied sep-
aratelv, their frequencies specified by the
buver,

Laboratory Measurements. The Regency
TME-16HLU monitor receiver was evalu-
ated on our test bench with local police and
other mobile services crvstals installed in
all three bands. Sensitivity was measured
with a signal deviated = 7000 Hz at 400
Hz. The r-f level was adjusted until the
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background noise without modulation was
20 dB lower than the fully modulated audio
output.

At the factory, the receiver’s r-f circuits
are aligned for maximum sensitivity at 40
MHz. 156 MHz, and 458 MHz. It is rec-
onunended that the operating frequencies
be within about 3-5 MHz of these points if
best sensitivity (rated at 0.5-0.7 1V on the
different bands) is to be achieved. Our test
channel frequencies on the vhf Lo band
were far outside these limits (46.3 MHz),
vielding a measured sensitivity of only about
4.5 V. On the m band where we used
154.8 MHz, the sensitivity was 1.2 pV. No
nmeasurements could be made at 453 MHz,
but local police car transmissions came in
loud and clear to our basement listening
post while using the short 5-in. vertical an-
tenna supplied with the receiver. For op-
timum performance on frequencies far re-
moved from the factory alignment points,

the “front end” of the receiver must be re-
aligned.

The squelch threshold must be adjusted
for full quieting in order for the automatic
scan feature to operate. In this condition. a
signal equal to that producing a 20-dB
(S + N)/N ratio was sufficient to activate
the receiver.

The selectivity of the receiver (which
uses ceramic filters in its 433-kHz second
i-f amplifier) was appreciably better than
rated by the manufacturer. We measured a
£5000-Hz selectivity at — dB and 9000
Hz at —50 dB (rated figures were =7000
Hz and =15,000 Hz).

The Regency Model TME-16HLU moni-
tor receiver is clearly an exceptionally versa-
tile high-performance unit. Although no
schematic diagrams were supplied with it,
the fact that the receiver ~ontains ten IC’s
and a number of silicon transistors suggests
its thoroughly up-to-date design.

Circle No. 68 on Reader Service Card

BSR/McDONALD MODEL 810/X AUTOMATIC TURNTABLE
(A Hirsch-Houck Labs Report)

HE TOP-OF-THE-LINE Model 810/X

record player is aptly titled a “Total Turn-
table” by its manufacturer, BSR/McDon-
ald. Tt consists of a Model 810 automatic
player-and-tonearm combination, a Shure
MI1E phono cartridge, a walnut base, and
a tinted plastic dust cover. To sct up the
plaver, one has only to set the platter in
place, plug into the tonearm the preassem-
bled cartridge shell, and take a few mo-
ments to balance the tonearm and set stylus
force. After this, the 810/X is readv to plug
into an amplifier for immediate plav.

Two speeds are provided (33% and 45
rpm), selectable through a rocker switch
that mechanically shifts the idler wheel to
the appropriate step on the motor shaft.
Concentric with the speed selector is a
vernier control that permits adjustment of
the platter speed by about 3 percent above
and below each nominal speed. A strobo-
scope disc forms the center insert of the
ribbed anti-static turntable mat.

The 12-in. cast aluminum platter (weigh-
ing over 6 1b.) is driven by a synchronous
motor that can be operated from either a
117-volt or a 220-volt ac line. Interchange-
able motor shaft bushings are supplied for
operating on either 50 Hz or 60 Hz.

The square cross-section aluminum tone-
arm is mounted on gimbal pivots via four
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minature ball-bearing assemblies. It has
a knob-adjustable counterweight on its side.
After balénoing, a calibrated scale on one
of the gimbal rings is used to set any stylus
force between 0 and 6 grams. Stvlus over-
hang is adjustable for minimum tracking er-
ror (not required in the preadjusted 810/X)
with the aid of a removable index post on
the motorboard. Afterward. a soft brush is
fitted to the post, where it removes lint from
the stylus each time the arm returns to its
rest. The arm rest has a built-in lock that
automatically closes on the arm a short while
after the turntable shuts itself off.

The anti-skate control has separate scales
for conical and elliptical styli (normally set
to match the tracking force). A cueing lever
is used to lift up the pick-up gently from the
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record and lower it when desired. During
the lifting and lowering operations, the cart-
ridge outputs are muted. The arm indexing
point, customarilv set by a screwdriver on
antomatic turntables, is controlled by a knob
on the motorboard.

The svstem comes with interchangeable
spindles for manual and uutomatic opera-
tion. A knob is used to select either mode,
and punching cither the 7-in., 10-mn., or 12-
in. button initiates the oper atmﬂ chlo and
indexes the tonearm for the select( d record
size. The short manual spindle rotates with
the disc to prevent cenler hole wear. Up to
six dises of the same size und speed can be
plaved antontatically. The spindle must be
lifted from the turntable to remove the
dises when play is done.

With the manual spindle inserted, set-
ting the vope switch to aurto allows the
disc to be repeated indefinitely. It will con-
tinue to repeat until the stop bulton is
pressed.

The 810/X “Total Turntable” measures
175 i, wide by 12% in. deep by 9% .
high, including dust cover, and weighs 2
pounds Its suggested retail price is $239.

Laboratory Measurements. The range of
the vernier speed adjustment checked out to
be +2.3/—2.7 percent around the center
speeds. Wow and flutter were verv low, 0.04
and 0.06 percent at 33% rpm and 0.04 and
0.03 percent at 45 rpm. The unweighted
rumble was down 38.5 dB in the lateral
plane and —34 dB when vertical and lateral

components were included. \ith CBS
RRLL weighting, which corrclates the mea-
surements w1t]1 their audible effects, rumble
was a low —54 dB. The automatic change
cvele time was 14.5 seconds al 33% rpm.
The tracking error of the tonearm was
less than 0.5°/in. for disc radii of 2.5 to 6
in. (typical of a well-designed tonearm of
this size). When the tracking force dial was
exactly correct at 1 gram, the actual forces
we measured were from 0.25 to 0.35
gram higher at settings between 2 and 4
agrams. At a l-gram setting, the force in-
creased by 0.35 gram at the top of a stuck
of six discs. As with most anti-skating sys-
tems we have used, the optimum scttings
for equal tracking distortion in both chan-
nels were slightly higher than indicated.
about 1.5 grams for a 1-gram tracking force.

User Comments. The BSR 810/X totul
turntable proved to be an exceptionally quiet
and smoothly operating svstem. The controls
move with ease and, during extended peri-
ods of use, the mechanisin operated flaw-
lessly. The operating characteristics of the
system, incliding its speed  stability, Tow
wow and flutter And inaudible mmble, were
on a par with some of the best automatic
players we have tested, most of the latter
heing considerably more expensive than the
810/X.

In conclusion, we feel that the 810/X
“Total Tumtable” package is unquestiona-
blv one of the best values in high-quality
record playing equipment available todav.

Circle No. 69 on Reader Service Card

FANON/COURIER FANFARE 700 CB TRANSCEIVER

T IS NOT OFTEN that we find a piece of
CB gear that departs trom convention and

makes us sit up and take notice. The
Fanon/Courier Fanfare 700 is a raritv, It is
a 23-channel, crystal-synthesized AM rig.
Designed to be a base station, it can also
be used in mobile or emergency service
with a 12-14-volt de negative-ground eclec-
trical system.
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The rig has the usual adjnstable squelch,
delta tune, noise limiter, PA facilities, meter,
and performance at the full legal input pow-
er of 5 watts. Additionally, it has an AL
on/oll switch, tone control, headphone jack,
detuchable  push-to-talk  dynamic  micro-
phone, compressor for modulation limiting,
ac cireuit breaker, and a digital-readout
clock that can be set to turn on the trans-
ceiver or actuate an alarm buzzer on cue.

To top it all off, the rig is exceptionallv
attractive, designed more along the lines of
a high-quality sterco receiver th m a CB rig.
Instedd of a rotating channel selector di: ll, a
linear-type scale is employed with all the
channel numbers softly illuminated in green
on a black background. Channel identifica-
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tion is accomplished with the aid of a red
pointer that is positioned in much the same
manner as with a slide-rule diafing system.

The Fanfare 700 measures 12% in. wide
by 8 % in. deep by 4% in. high and weighs
10 pounds. Its retail price is $323.15.

Receiver. Double-conversion starting off
with a FET rf amplifier permits an input-
signal sensitivity of 0.5 uV for 10 dB (S +
N)/N. Conversion frequencies are at 10.65
MHz and 455 kHz. A ceramic filter at the
first i-f minimizes certain spurious-signal re-
sponses, while two ceramic filters at the sec-
ond i-f provide the necessary selectivity for
an adjacent-channel rejection of at least 50
dB.

The high first i-f and the front-end cir-
cuitry maintain a 90-dB image rejection,
while a 10.6-MHz trap at the antemna helps
to improve the i-f signal rejection which we
measured to be 60 dB. Two 4553-kHz i-f
stages are incorporated into a single IC.

Diodes are used for the detector/age, S-
meter setup, and a series-gate noise limiter.
The latter is extremely effective, attenuating
impulse noise by 35 or 40 dB without dis-
torting or dropping the level of the output
signal. With an rf input change of 1 to 10
#V (20 dB), the a-f output rose 13 dB. A
10-10,000-pV change (60 dB) caused the
output to rise onlv 5 dB. An S-9 meter indi-
cation was obtained with a 30-nV input sig-
nal. The squelch, triggered from an age-
controlled stage, can be adjusted for a
threshold sensitivity of between 0.4 xV and
10,000 V. A slight “plop” is heard when
the squelch opens and closes.

The aAf amplifier engages an IC and a
push-pull class-B output stage. At the a-f
output, 2 watts of power at 6 percent distor-
tion into 16 ohms are developed for re-
ceiver or PA service. A headphone jack can
also be used for an external speaker.

Frequency Synthesizer. Six different crys-
tals cut to frequencies near 37 MHz are
used in the synthesizer in conjunction with
four crvstals cut to near 10.15 MHz. Each
group. respectively, provides heterodyning
signals for the first and second mixers. The
delta tune is obtained by “rubbering” ca-
pacitors in the 10.15-MHz crystal group.
There are only two fixed positions to either
side of center, allowing a change of =1500
Hz. Since this change is greater than the
0.005 percent legal tolerance for transmit-

ters, and considering the transceiver toler-
ance, a shift by the delta tune system of
only = (00U might have been more realis-
tic.

Transmitter. On transmi', the 10.15-MHz
crvstal group of svnthesizer crystals is sub-
stituted by a group near 10.6 MHz. Byv
combining these with the 37-MHz crystals
at a transmitter mixer, the on-channel sig-
nal is developed. A four-section bandpass
network here minimizes spurious frequen-
cies, as does the 10.6-MIHz antenna trap.
The frequencv tolerance m all channels
was within 0.002 percent at 75° F.

There are two r-f amplifiers. These are
followed by the power amplifier, which has
a triple-section output network for matching
to 50 ohms. The network also minimizes
spurious responses with TVI reduction
further enhanced by a 54-MHz trap (at the
antenna) that can also minimize receiver
overload by a nearby TV stition.

A carrier output of 3.75 watts was ob-
tained with operation from 117-volt ac and
13.8-volt de sources. A s lid-state voltage
regulator maintains a constant supply po-
tential from either tyvpe of power source.

Modulation, as usual, is obtained from
the receiver section’s output amplifier where
a feedback circuit is switched in to furnish
a control bias at the a-f IC to provide limit-
ing-compression. An excellent modulation
waveform was observed, with distortion
measuring only 7.5 percent with 10 dB of
compression at 100 percent modulation at
1000 Hz.

Comments. During receive, a panel lamp
glows. On transmit, it extinguishes and an-
other lamp comes on and changes in bril-
liance according to the modulation. The
meter at this time indicates relative output
power; during receive, it indicates relative
signal strength in S units.

Panel controls are furmshed for setting
the clock (includes seconds indicators) to
turn on the transceiver or to actuate the
alarm buzzer at the desired time. The clock,
of course, does not operate when the rig is
powered from a de source.

Unlike slide-rule-tvpe dials, operation of
the channel selector in the Fanfare 700 is
positive. It still employs ball-and-detent tun-
ing to assure on-channel operation, but with-
out the less aesthetic appearance of a tra-
ditional circular dial arrangement.

Circle No. 70 on Reader Service Card
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? MAC'’S SERVICE SHOP

Gasand Smoke Alarms

his morning, Barmey parked the service

truck behind the shop because he knew
he had several repaired sets Lo deliver. When
he came in the rear door, he stopped short
at the sight of Muc, his empl()vel waving
A Iwhted match beneath a litile white ])0\
fastened to the wall above the “cooking
bench.” This was a bench on which ele(-—
tronic “dogs” were allowed to run continu-
ously untll the intermittent conditions that
brought them into the shop surtaced.

Blow out vour lantern, Diogenes!” Bar-
nev said. “Here’s the honest man voure
looking for.”

“Some of owr customers might give vou
an argument about that,” Mac answered,
tooking over his shoulder with a wry grin.

But he did blow out the match and then
held it so the little curl of white smoke
from it rose and entered three rectangular
holes in the boltom of the white box and
emerged from similar holes in the top. Al-
most instantly there was a raucons roar from
the box. Mac stopped the noise by moving
a little black lever protruding from one ()f
the openings ou the bottom of the box to

L

By John T. Frye, WOEGV, KHD4167

the right, but the noise started again when
he xe]e‘l.scd the lever. He moved the lever
over again and blew up into the rectangular
openings. This time when the lever was re-
leased the box remained silent.

“What the heck is that?” Bamey demand-
ed. “That thing makes a noise like the
emergency dive warning on a submarine. It
certainly can bellow for such a small thing.
It can’t be more than 27 8" X 4”7

“The long dimension is only 77, so you've
got a pretty good eve,” Muac replied. “1t's
Radio Shack's new Disaster Alarm, offered
in kit form for $19.95. Thev claim it uses
the world’s first gas and smoke sensing semi-
conductor to achvate an ALum buzzer in
the presence of gas concentitn.”

“But that was .snmI\e imm the extinguish-
ed match you were using to trip it.”

“Right; but smoke containe gaseous com-
ponents. In addition to smoke this thing
will detect butane, propane, carhon monox-
ide, and natural or co k'ng gas. While it
is not equally sensitive 10 all of these, it is
plenty sensitive to soun i an alurm bef-re
the concentration of any one of them would

Disaster Alarmm measures
2" x 7" 4" with holes
in bottom and top to ai-
low smoke or gas to pass
through and sound alarm.

JULY 1973
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be considered lethal. The claimed sensitivity
is 100 ppm for propane, 120 ppm for iso-
butane. 500 ppm for carbon monoxide,
5000 ppm for methane, and about a 2-4%
concentration for smoke. The variation in
sensitivity for smoke is a function of the
variety in the burning substances producing
smoke and alarm-tripping gas.”

“How does it work?”

“All T can tell vou is what the manu-
facturer told me. Take a look at this dia-
gram. The heart of the whole thing is the

cHASSIS HORN

+
cz s1
RESET

Circuit uses gas-sensing semiconductor.

TGS gas sensing n-type semiconductor. The
voltage from T1 is fed through the sensor
to D2. The electrical conductivity of the
sensor varies with the adsorption of ambient
gases. This variation of conductivity can be
taken as associated with the mode of adsorp-
tion on a specific site on the semiconductor
surtace contributing to the conduction
process. The adsorption of gaseous com-
ponents occurs on specially active surtace
areas, which may consist of positive hole
and/or free electrons resulting from lattice
defects of the semiconductor crystal.”

Mac stopped for breath and then con-
tinued. “The rise in conductivity on adsorp-
tion of carbon monoxide, for instance, may
be due to the adsorption of CO:2 as a positive
ion by electron donation to the positive hole
in the lattice; and, in order to maintain
electrical neutrality, a free electron is created
at the samne time. On the other hand, oxygen
may be adsorbed as a negative ion by ac-
cepting a free electron from the lattice,
giving rise to a decrease in conductivity of
the adsorbent. Is that crystal clear?”

“I reckon, if you say so,” Barney mum-
bled. “Why did the alarm keep sounding
after vou reset it?”

“Because some gas still lingered in the
vicinity of the detector. That’s why I blew
through the protective fine mesh screen that
fits down over the sensor to clear away the
aki?

“I see,” Barney said, studying the diagram,
“that the increasing voltage delivered to D2

86

in the presence of gas is rectified and deliver-
ed to the gate of the silicon controlled
rectifier. Once tripped, the SCR keeps
sounding the horn in its anode circuit until
reset. Potentiometer R2 is obviously a sen-
sitivity control.”

Easy Kit Assembly. “You've got the pic-
ture. The circuit is simple and the kit is
easy to assemble. The printed circuit board
is only 57 X 17, and even an inexperienced
person should be able to assemble it in an
hour or so. I've proved to myself it trips
on only a small amount of cooking gas and
butane gas, and T've tried it with wood
smoke, cigar smoke, cigarette smoke, bum-
ing wool, burning cotton, burning plastic,
and burning rubber.”

“Why so many different kinds of smoke?”

“Because some smoke sensors are verv
fussy about the kind of smoke they detect.
One type shines a light onto a photocell and
depends on the presence of smoke in this
light path to trip the alkrm by reducing
the amount of light falling on the cell. An-
other type does not shine the light directly
onto the cell but depends on the presence
of smoke to reflect the light onto the cell.
The first type works best with dark-colored
smoke; the second, with light-colored smoke.
I wanted to make sure this one would trip
with smoke produced by the burning of all
substances normally ignited in home fires,
and T found it did.

“Now,” he said, lifting t e alarm from its
mounting screws, “I have just one more
test to make. You fire up the truck while I
plug this thing into an extension cord. Let’s
see what it does with carbon monoxide from
the exhaust.”

Barney started the truck and let it idle.
When Mac held the alarm a foot or so
above and behind the exhaust pipe, the
alarm blared its warning.

“Man, that thing surely hates gas!”
Bamey exclaimed. “T suppose it will be
used mostly in the home.”

“That’s what it’s designed for,” Mac
agreed, “but I'll wager it will find lots of
other uses. For example, you will notice
I've mounted it over our ‘cooking bench.
Quite often one of the sets on this bench
starts to smoke from an overloaded resistor
or transformer. I think we can depend on
this little jewel to call our attention to the
fact.”

Many Uses. “It would be pretty handy
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in ithe kilchen, too,” Barney suggested. “If
someone carelessly left a burner on when
the pilol was oul, the Disaster Alarm would
certainly let vou know about it. It would
also tell you if the roast were burning.”

“The garage would be another place where
it could serve a vital function,” Mac said.
“Properly mounted, away from the exhaust,
it would remain silent until the concentration
of carbon monoxide rose to a dungerous
level; but if vou left the engine mimmning very
long with the doors closed, it would tell
vou in no uncertain  lerms that carbon
monoxide is an insidious and deadly poison
gas.”

“Hey!” Barmey interrupted, “T have an-
other idea. Why wouldn’t that be a fine
thing to mount in a camper or trailer? Pm
ahways reading where hunters are being as-
phyxiated while sleeping in their campers.
Of course the Disaster Alarm would only
work when 120-volt ac was connected to
the mobile vehicle, but that is pretty often
the case when these vehicles are tied up for
the night.”

“Sounds good,” Mac agreed. “One thing 1
want to warn you against is careless testing
of the alwrmi. The sensor is extremely sensi-
tive, and like all sensitive devices can be
damaged by over-exposure o the substance
it is designed to detect. For example, one
fellow I know wanted to see if the device
would detect the gas used to pressurize
aerosol cans; so he spraved some of the
can’s contents directly on the sensor. The
alarm sounded, all right, but that was its
swan song. It was paralyzed, and the fellow
had to buy a new sensor. At about six
dollars each for sensors, this lesson is quick-
ly learned.”

“I don’t suppose the thing has a fail-safe
feature is which the alarm sounds if the
power goes ofl.

“Not exactly, but, if the current stavs off
for approximately an hour, the alarm will
sound when the current comes back on. Then
you have to reset it. This has some value in
that it warns vou not to believe what vour
electric clocks say.”

“Well, us the voung hushand said when
his mother complained that his beautiful
wife was not too good a cook: You don’t
expect a sunset to fry eggs.” That Disaster
Alarnt obviously does a bung-up job of gas
and smoke detection at a very reasonable
price, and that’s enough,” Barney concluded
as he started carrying chassis out to the

truck. ®
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WITH ALL THE OUTSTANDING FEATURES
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This compact package contains a
regulaced 5VDC supply, selectable
frequency clock, E&L-socket, dual
bounsze-free pushbuttons (pulsers), 4
slide switches for voltage/ground, plus
4 indz22ndent “logic lights” for on/off
states cf various logic circuitry Exclu-
sive Brzadboarding Pins offer input/
outptt connections to socket, eliminat-
ing al soldering. All your circuit com-
ponen‘s are reuseable. Use any #22
gage solid wire. Send check or M.O.
today for. your choice of two models.

DD1-<, Kit Form (incl. p.c. boards, all
compcrents, instruction manual) $59.95

DD1-A, Assembled, ready for use $95.00

| Add $1 postage, handling
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Ask for FREE IDEA-PACKED,
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DO YOU KNOW
YOUR DCCIRCUITS?

CONCLUSION OF A SERIES COVERING DC CIRCUIT ANALYSIS
BY ARTHUR H. SEIDMAN, Prof. of Elect. Eng., Pratt Institute

13. Network Topology.

In complex networks it is sometimes
difficult to determine whether to use
mesh or nodal equations, or to de-
termine the minimum number of in-
dependent equations needed. By bor-
rowing from a branch of mathematics

R4
N

(B)

Ra

AA
AVAV v v‘v‘v‘r

AAAAAA

v..é.a. e
Fig. 24

called topology, it is relativelv simple

to find answers to these questions. Here

is the procedure:

(1) Set all independent (or depen-
dent) sources to zero. Setting a voltage
source to zero means that it is shorted
out of the network; setting a current
source to zero means that it is removed,
or open circuited, from the network.

(2) All clements, such as resistors,
are replaced by line segments, called

Vi
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N
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R R, R
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Fig. 25

branches. The resulting configuration is
referred to as a graph.

(3) Let the number of nodes of the
graph equal N and the number of
branches equal B.

(4) The number of independent
nodal equations required is N—1.

(5) The number of independent
mesh equations required is B — N + 1.

LEx. 22. For the network in I'ig. 24A
draw its graph and determine the mini
mum number of independent nodal and
mesh equations. Sol. The graph is
shown in Fig. 24B. Nodal equations:
N — 1 =2 — 1 = 1. Mesh equations:
B—-—N+1=4-2+4+1=3.

Ex. 23. Repeat Lx. 22 for the net-
work in Fig. 25A. Sol. The graph is
shown in Iig. 25B. Nodal equations:
N — 1 =4 — 1 = 3. Mesh equations:
B—-—N1+1=6-44+1=23.

14. Superposition Theorem.

The superposition theorem states that
the response of a linear circuit to more
than one independent source is equal
to the sum of the responses to each

Fig. 26

source with the remaining sources set
to zero. It must be remembered that
this theoremn applies only to linear cir-
cuits. If the circuit contains dependent,
as well as independent sources, the de-
pendent sources are not set to zero.
Only independent sources are set to
Zero.

Ex. 24. Applying the superposition
theorem, determine the current in the

12-ohm resistor in Fig. 26. Sol. Setting

60
n

WWWWA ——

s0n
I

g +

20 35v<>
(8

(A)

Fig. 27
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Fig. 28
the 35-volt source to zero vyields Fig.
27A. Current I, = 70/ (60 + 60//12)
— 1A. 1, (.) due to the 70--voll source
—= 1 X 60/(60 + 12) = 0.83 A. Set-
ting the 70-volt source to zero yields
Yig 27B. 1, = 35/ (60 + 60//12) —
0.5 A. The current [, (12) due to the
35-volt source is 0.5 x 60/72 = 0.42
A. Hence, v = L.(12) + I.(12) =
0.83 + 0.42 = 1.25 A.

Ex. 25. Using superposition, find the
current in the 10-ohm resistor in Fig.
28. Sol. Setting the 5-A source lo zero
results in Fig. 29A. Current [, (1) =

100

Ip

0N 3150 gp

(a) ] ~ (B)
Fig. 29

100/ (10 + 15) = 4 A. Setting the
100-volt source to zero vields Fig. 291.
Lo (W) = =5 x 15/(10 + 13) =
—3 A. Therefore, In = 4 — 3 = 1 A.
Lx. 26. Find I in Fig. 30. Note the
presence of a current dependent source,
35, in the circuit. Sol. Setting the 53-A
source to zero vields Fig. 31A. 11 =
10/5 =2Aand 3l =1 =3 X 2 =
6 A. Setting the 10-volt source to zero
yields Fig. 31B. Because there is a short
circuit across the 5-ohm resistor, 1 =
0 and I, due to the 5-A source, is 3 A.

Therefore, I 6 5 = 11 A.

15. Thevenin's Theorem.
A linear two-terminal network (Fig.

‘ 2n
i I
T oV - 31 5
I

Fig. 30

32A) containing independent and/or
dependent sources, can be represented
by the Thevenin equivalent circuit of
Fig. 32B, consisting of a voltage source
Vee in series with resistor R, when
calculating the external behavior of the
circuit. Voltage V. is the Thevenin,
or open circuil, voltage across terminals
a-b. Resistunce Ry, is the Thevenin,
or equivalent, resistance across a-b. If
—I2(58)

AAAAAAA
WAMN

20
*»-— ! 4 [

;@_

3T,

t 50 5A
5

—T2(i0v)

(B)
Fig. 31

the network contains only independent
sources, R:y is equal to the resistance
across a-b with all independent sources
in the network set to zero. To obtain
R;, in a network which also contains
dependent sources, the procedure is to.
short terminals a and b and determine
the short circuit current, l., flowing
through a-b. Then, Rys = Voo 1. This

—  AMAMM—O
R Q
e g - TH
a
LINEAR _. »
NE TWORK - i
—
b
— 3
(A) (B)
Fig. 32
procedure may also be used for net-
works containing  only independent
sources.
Ex. 27. Determine the Thevenin

equivalent for the network of Fig. 33A
by finding (a) Ry directly and (D)
Ron = Vyo/ls. Sol. (1) V,o = 30 X
10/ (10 + 10) = 15 V. Setting the

30-V source to zero, Ra = Ry
150 @
+
= 15V
b
(B)

v
m
)
m
N
m
ps)
m
Z
(@]
m
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m
=)
m
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for the network of Fig. 34A. Sol. The
current flowing in the 15-ohm resistor

n A WWM=0 - 35B consisting of a current source.
(I8 ] 30 sa © 1250 ¢ 1 in parqllei with a resistor, R
Sy @ d s TH,
E 3 3 - = when calculating the external behavior
w §§'2ﬂ 380 s of the circuit. The procedures for find-
n 10A = :]’ ing I and R;y are identical to those
w . ) ‘_TET-‘% forEthe2'I(;he]§(?nin Squig}ulﬁnt circuit. o
[3) o “Ex. 29. Draw the Norton equivalen
Fig. 34 circuits for the networks of (a) Ex. 27
E 10//10 + 10 = 15 ohms. The m}d (b) Ex. 28. Sol. (a) Referring to
Thevenin equivalent circuit is drawn in =~ Fig. 33B, Iy = Voo/ Rew = 15/15 =
o \
TT] Fig. 33B. (b) Shorting a to b in Fig. 3 o -0
h 33A, the total current from the 30-V Q 8
source is I, = 30/ (10 + 10//10) = -
B oA llence, [ = 2 x 10/ (10 + 10) 1A 150 4-8AQ> 12.50
Ll = 1A Rey = Vyo/lie = 15/1 = 15
a ohms. This is the same value found in ) b
part (a). (A) (8)
Ex. 28. Find the Thevenin equivalent Fig. 36

1 A. The Norton equivalent is shown in
Fig. 36A. (b) Referring to Fig. 34B,

© Iy = 60/12.5 = 4.8 A. The Norton
Lo equivalent is given in Fig: 36B.
LINEAR g, o Ex. 30. For the circuit in Fig. 37A,
NETWORK T < s ™ draw the Norton equivalent by finding
—0 Isc directly. Sol. Shorting terminals a
) 5 and b, the total current is 60/ (10 +
(8)

Fig. 35

is 10 x 12/(12 + 3 + 15) = 4 A.
Hence, Voo = 4 X 15 = 60 V. Setting
the 10-A source to zero, Ry, = (12 +
3)//15 + 5 =75 + 5 = 12.5 ohms.
The Thevenin equivalent circuit is
shown in Fig. 34B.

16. Norton's Theorem.

A linear two-terminal network (Fig.
35A), containing independent and/or
dependent sowrces, can be represented
by the Norton equivalent circuit of Fig.

AAAAA
WVW»
o

Y

b
. 0
(B)

b Bt o ® ]
| 100 on @ T a
+
6oV 300 ﬂ 24
I b‘
(A) -

Fig. 37
10//10) = 4 A. I = 4 x 10/ (10 +
10) 2A. Setting the 60-V source to
zero, Ryy = 10//10 + 10 = 5 + 10
= 15 ohms. The Norton equivalent cir-
cuit is shown in Fig. 37B.
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Hobby Scene/

Diode Meter Protectors

Q. I have often wondered how those “meter
protectors” work. Can you clarify?

A. The basic circuit is shown here. Any
tvpe of low-voltage silicon diode can be
commected across the meter terminals as
shown. The diodes will not affect meter
operation until the voltage across the meter
exceeds the diode junction voltage—about
0.5 or 0.7 volt for silicon diodes. At this
point, the diode conducts, essentially shunt-
ing the meter movement. For u typical
meter resistance of 1200 ohms and a full-
scale rating of 50 pA, the diodes introduce
less than 1% error. Meter movement current
is limited to less than 1 mA for a 1-A fault
current.

METER

SILICON
DIODES

Winding a Coil Accurately

Q. Quite often, in my experiments, I have
to wind a coil for a particular frequency.
Since I have no sophisticated test gear,
is there some easy way I can wind a coil
to hit the frequency “on the head”?

A. Use the variable-capacitance circuit
shown below. The “trick” is to calibrate
reasonably accurately the variable capaci-
tor. Use a pointer knob and mark the fully
open (minimum capacitance) point at the
mininmum specified for the type of capacitor
used. Also mark the fully meshed (maxi-
mum  capacitance) point. Intermediate
points may be guessed at and will be suf-
ficiently accurate for most applications. Con-
nect the coil across the variable capacitor

JULY 1973

and connect the “hot” lead of vour r-f
signal generator as shown. Set the variable
capacitor to the value you intend to use in
the finul circuit. Then sweep the generator
across the band until the meter indicates a
peak. The generator frequency is then the
tuned frequency of the LC combination.
You can substitute a fixed capacitor (as
used in the final circuit) for the variable
and trim the coil turns to obtain exact
peaking. You can also check what value of
capacitor is needed for a particular fre-
quency if you have a finished coil that you
don’t want to damage.

RFIN

IO-5OpFT
7

CoIL
UNDER
TEST

10-150pF
50pA

Electric Razor on DC

Q. I have heard that there is an electronic
method of improving the “zip” of an electric
razor. Any truth in that; and if there is,
can you tell me how it is done?

A. Tt appears that many ac/dc electric
razors operate better on dc than ac. To try
yours out, build the simple circuit shown
here. Muke sure that all the components are
enclosed in a small insulated box with the
line cord coming out through a rubber
oronunet at one end and the socket mounted

=]
on the other end. @®

.

200
i SOCKET

100K

=
/2w

20pF
150V

17 VAC
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CB Scene
J

ITIZENS Radio operators took their

problems directly to the I'ederal Com-
munications Commission in  Washington,
DC, recently and returned victorious—at
least in the knowledge that Commission
Chairman Dean Burch is in agreement
with legallv operating CB’ers that “there is
nothing sillier than having an unenforceable
rule, particularly one that could be changed
and not hurt anybody. . .” The CB entour-
age also learned that FCC personnel (con-
trary to belief and some rumors) can be
very understanding, svmputhetic, and ob-
jective about the conditions that exist on
Citizens Radio channels and what should be
done about them.

The United States Citizens Radio Council
(USCRC) is a 3-vear-old national CB organ-
ization concerned with “improving the CB
service to make it more valuable to the
community and the individual CBer”
Armed with a list of questions, recommen-
dations, and proposals, representatives of
the USCRC met with members of the Com-
mission, at a hearing granted by the Com-
mission in Washington.

In attendance for the USCRC were
George Martin from Alabama, Chairman on
National Rules and Legislation and spokes-
man for the group; John Johnson, West
Virginia; Dorsev  Jordan, Florida; Fred
Blackwell, N. Carolina; and Robert Thomyp-
son, Washington, DC. Representing the
Commission were Chairman Dean Burch;
Commissioner Richard Wilev; General

CB Goesto
Washington
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By Matt P. Spinello, KHC2060

Council James Barr and Richard Everett;
and  Assistant to the Chairman Anthony
Thompson. Also in attendance were 13 in-
dividuals representing Congressional offices
from thie states of W. Virginia, Alabama,
N. Carolina, S. Carolina, Texas, and Florida.

Following troductions. the meeting
turned quickly to the problems at hand.

Concerning antenna height limitations
(20 feet above existing structures for CB),
Martin commented that the USCRC has
entered a petition that the rule be changed
to conform with the FAA regulation which
limits antenna height bv 1 foot per 100
teet from the end of the nearest airport
runway. “We would like 80 feet, providing
it does not conflict with the FAA rules and
regulations in the area in which we live,”
Martin  stated. To which, Commissioner
Burch replied, “This doesn’t seem very
harsh to me. If there’s a justification
for (higher antennas) I have no squawk. I
fly airplanes and if I have to worry about
an 80-foot antenna, then I am not on the
right course; so I'll look into that. . .”

In a discussion regarding the obscenity
problem, Mr. Burch emphasized that the
ruling would not be changed; that it would
be enforced to the fullest extent. As of last
April, three FCC enforcement teams were
put into service, strategically stationed to
handle problems on the East Coast, in the
Midwest, and in the Far West. Each team
consists of § engineers equipped with 4
vehicles: 3 to handle DF’ing and location
of rules violators and the fourth to carry
the equipment. The vehicles have license
plates for all states and are unmarked to
avoid detection.

Service in General. As for the CB service
in general, Commissioner Burch indicated
that he is personally very interested (and
has been for some time) in extending the
Citizens Service, rather than constricting

POPULAR ELECTRONICS Including Electronics World
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it. . This is the largest single service
that we have in the Agency, and it could
be a lot larger, obviously, because there
is great interest in it. IF'rom the point
of view of the ¢ross ndtllldl product and
our own manufacturers, it would be a
marvelous thing if we could sell another
3 or 4 million radio sets and say that 5% or
6% of them were American made. It would
be wonderful.” (The remark drew laughter
from those in attendance.)

In answer to George Martin's statements
regarding the class E proposal, Mr. Burch
commented, “Well, it certainly has some
advantages. We are all surpr ised at how
popular Citizens D became and . . . I must
confess the hobbving thing has never really
been one of my big hang-ups, and vet it
does seem kind of foolish in a way to say
in one breath that we are out of channels
and we don’t have enough space and there
is no chance to talk, and then suggest that
we change the rules to encourage or at
least legitimize talk, which, although con-
venient and maybe pleasant, is certainly
not a requirement for carrying on business
or family sitnations.

“Yet, my main experience with radio
has been with Senator Goldwater, who is
one of the great avid radio men of the
world. I don’t know what is so . . . interest-
ing about f(inding out what kind of outfit
a guy has or is listening to, but he seems
to get a big pleasure out of it and it’s all
right with me if they sit there and exchange
brand names and whatnot, and so, we are
prepared to look at that and I think Dick
Wiley and the other Commissioners feel
the same wav. We are not prepared to give
up on Citizens Radio, and we shouldnt.”

In a conclusion to the meeting, Mr.
Everett remarked, “I will state here, as I
lmve l)efme o your or ganization (USCRC)

@m&@?
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3 Bill me ater.
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on many occasions, that I think the Com-
mission endorses the idea and likes the
idea of having a national organization of
CB’ers (\nth) which it can have public
relations and educational process and ex-
change of ideas. . . We are w orking with
vour organization (eltdllll) becausc you
are lhe only one that I know of that is
anywhere cognizant at all with the kind
of ideas that we arc trying to establish.
You represent the largest group of CB ers
that 1 am awuare of. I dont know of any
other organization that probably represents
dﬂV\\hEle near the total that vou do.”

Having covered antenna height, types of
conversation that the USCRC \\ould like
to be permitted to air, requests for more
channel allocations, the class E proposal,
rules violators, and the organization’s posi-
tion on license fee increases, George Martin
thanked those in attendance for allowing
the USCRC to present its opinions, objec-
tions, and recommendations, with an offer
to help the Commission as a national
organization in any way possible. Com-
missioner Burch agreed that it would be
useful if FCC personnel could meet with
CB’ers in various parts of the country in an
exchange of questions and answers.

The representatives from USCRC came
away from the meecting with the feeling
that the Commission will take bold and
positive strokes at rule changing to benefit
the legally operating CBers; that the IFCC
will impose (with the help of other govern-
mental agencies) stiff and rapid penalties
to unlicensed operators and licensed law-
breakers; and that the Commission will,
even more closely than in the past, work
with and place confidence in national CB
organizations and public service assistance
teams.

I'll CB’ing vou!
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S. Solid-State
% Scene
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EGULAR readers of this column may

have noted our enthusiasm for CANOS
technology and the advantages it offers in
digital IC’s. Now, MOS technology has also
been introduced to the world of linear 1C’s,
bringing with it the promise of interesting
new dimensions in performanc.

PMOS High-Speed Op Amp. One consis-
tent performance limitation of IC op amps
since the early days of 1C’s is their speed
capability. Due to manufacturing process
incompatibility, good high-frequency pnp
transistors have been virtually nonexistent
in IC op amps. As an example, such stan-
dard chips as the 741 have a bandswidth of
only 1 MHz. Now, RCA has taken a bold
step forward with an entirelv new type of
op amp, their CA3100, designed to solve
the speed problem by a new method. The
CA3100 uses p-channel MOS (PMOS) tran-
sistors as functional substitutes for pnp’s
and, in doing so, achieves a bandwidth of 38
MHz.

The CA3100 does not have the verv high
de gain typical of general purpose op amps,
its gain being only slightly more than 60
dB. This factor must be taken with a grain
of salt however, because it is at high fre-
quencies that the CA3100 shines. It can
achieve a gain of 42 dB at 1 MHz open
loop, whereas most other op amps have
long since expired at this frequency. An-
other asset of the CA3100 over standard op

New MOS
Linear IC’s
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amps is its healthier output current—30
mA p-p. This new chip operates from sup-
plies of 14 to 36 volts (or £7 to £18 V), is
compensated with a single capacitor, has
provision for input offset adjustment, and
uses the standard TO-5 8-pin op amp ar-
rangement.

With the speed capability the CA3100
offers and the ease of designing that the
versatility of the op amp configuration af-
fords, a host of new applications are possi-
ble—video amplifiers, fast-response detec-
tors, high-frequency oscillators and multi-
vibrators, high-speed drivers, etc. Consider-
ing the bandwidth improvement (a factor of
40) of the CA3100, it can be used to speed
up many a sluggish op amp circuit using de-
vices with lower speeds. If you've ever run
into problems with speed in an op amp cir-
cuit, you just might find this device to be
the answer.

The CA3100T ($5.95) is in the standard
8-lead (round) TO-5 package, while a
CA3100S is also available in a TO-5 pack-
age with “dual inline” formed leads.

Marriage of Linear and CMOS. RCA,
which originally pioneered the digital CANIOS
line, has now extended the virtues of CMOS
transistor circuitry to the linear domain—
thus leading to a new term: LCMOS. The
first of these new devices is the CA3600L,
an array of complementary p- and n-channel
MOS transistors in a single package, con-
nected as shown in Fig. 1. The CA3600E
transistors have manv of the characteristics
that we have become familiar with in dig-
ital CMOS. Thev can be used with supply
voltages from +3 to +15 V; they have in-
put resistances of 100 gigohms and virtually
zero input current; and they have low, sym-
metrical output resistance. The devices may
be used singly, differentially, in parallel, or
in series, allowing a variety of functions to
be implemented.

POPULAR ELECTRONICS Including Electronics World
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One of the neatest features of a CMOS
stage is the absolute minimum of biasing
complexity required. This takes a little
getting used to compared to bipolar tran-
sistor amplifiers. Regarding Fig. 2, for in-
stance, would you believe that, with pins 11

Gl

P2 N2
(PAIR No.2)

P3N
{PAIR No.3}

PILNI
{PAIR Nol)

Fig. 1. Schematic of CA3600E LCMOS array.

and 14 tied to a positive voltage and 7 and
9 tied to ground, transistors P3 and N3
constitute a linear amplifier? They do. Re-
sistor Rb is a high-value feedback resistor
(22 megohms) which establishes a class A

i
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“floating” bias. Voltage gain and bandwidth
vary with supply voltage—typical figures at
+10 V being 32 dB and 800 kHz or 42 dB
and 60 kllz at +5 V. Another interesting
feature of this LCMOS stage is the fact that
the bias stays “class A centered” for any
supply voltage, and the output can swing to

+Vpp
210,14
Gp |sp ¢
8
e T

INPUT  CI

Ry Dp
VWV Vq c2
O - @] J—@-»-(Lv&
Dn
Vin A (v
s N3 out
Gn :tn OUTPUT
1/3 CA3600E J

3.4,6.79

Fig. 2. CA3600E biased for linear mode.

within a few millivolts of either supply. Thus
it is simple, stable, and efficient in addition
to having good gain and bandwidth charac-
teristics. A cascade triplet of these stages
can achieve a gain of 110 dB with a 100-
kHz bandwidth!

' MAKING “WAVES”

CADENCE —the musical instrument speakers

Making better, clearer, amplified sound waves
is the THING Cadence does. .. better than

anything else in the industry. Cadence Speakers are built
to withstand heat from sustained notes at a high power

he vibrations and stresses which are continually
upon them. Cadence is guaranteed one full year
the power level specified. This proven speaker
as been selected by the manufacturers of most
f the world’s fine amplified music instruments.
If making beautiful, clear sound waves is your
thing, ask for CADENCE SPEAKERS.

For complete information and the name of your
Cadence Dealer, write:

UTAH ELECTRONICS DIVISION
ah-American Corporation

1124 East Franklin Street
Huntington, Indiana 46750

ER SERVICE CARD
95

wohictan, com



www.americanradiohistory.com

The CA3600E data sheet shows a num-
ber of additional possible hookups: com-
parators, op amp buffers, oscillators, multi-
vibrators, threshold detectors, etc. One of
the most interesting of these is a combina-
tion CA3600E and CA3046 (bipolar transis-
tor array) op amp. This circuit shows by
example how PMOS devices can replace
normal pnp transistors in op amp circuits.
The CA3600E data sheet has a great deal of
valuable information on how CMOS de-
vices in general operate (and LCMOS in
particular).

The CA3600E comes in a 14-pin dual
inline plastic package and is $2.35.

MOS technology potentially has a great
deal to offer in linear circuits, and we sus-
pect that these two new devices are the
beginning of further useful developments.
The technology (at least as applied to linear
IC’s) is brand new, so the future could in-
deed he interesting.

Hybrid, Low-Distortion Op Amp. As op-
posed to the more conventional monolithic
IC, there is also a form of miniature circuit
construction known as “hybrid.” This in-
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Fig. 3. Schematic diagram of an RCA
type TAB651A operational amplifier.

volves a process in which a number of un-
encapsulated semiconductor chips and other
components are assembled on a common
substrate. Hybrid construction is gener-
ally more expensive than monolithic, but it
offers more design flexibility and greater
power capabilitv. A good example of what
hvbrid construction can do is RCA’s new
power op amp, developmental tvpe
TA8651A.

This is a two-stage, direct coupled circuit

96

(Fig. 3) which includes an input differential
pair (QI and Q2) and class A output stage
driver, Q3. Transistor Q4 biases (5 at a
constant collector current, and the diode
string, D3-D6, provides forward bias for
the class AB output. This floating bias is ad-
justed externally through pins 4 and 8 to
set the idle current in Q8 und Q9 for low
distortion. Since all the components are in
intimate thermal contact in a hybrid cir-
cuit, the bias developed by D3-D6 tracks the
base-emitter voltage required by the output
stage, providing stability at high tempera-
tures. Overall bandwidth is controlled by an
external capacitor connected across Q5
(pins 4 and 5). Open loop gain of the circuit
is 60 dB, and the amplifier is contained in
a sealed module, which is about 2 inches
square. However, the size may be deceptive
since the unit cau develop an output of 100
watts into 4 ohms or 60 watts into 8 ohms
with a *35-volt supply. Maximum supply
rating is =37.5 V and peak current rating is
7 amperes.

A big key to the performance of the
TA8651A is the adjustable idle current

Fig. 4. Test circuit using TA8651A.

which allows crossover distortion to be mini-
mized. This preserves both low- and high-
level linearity. For instance, with an idle
current of 50 mA, the 50-mW IM distor-
tion is tvpically 0.05%, when used in the
circuit in Fig. 4. This is a closed loop con-
figuration with a gain of about 30 dB, estab-
lished by the upper 18-kilohm and the 560-
ohm resistors. The 500-ohm potentiometer
adjusts the idle current and the 0.001-
microfarad capacitor controls bandwidth.
The circuit has direct coupling to the load,
providing optimum low-frequency damping.

This circuit can be used as a very simple
audio power amplifier which provides high
performance. For power outputs less than
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the module’s maximum capability, the same
circuit may just as easily be used at lower
supply voltages with comparable character-
istics—due to the versatility of the op amp
design. Other possible applications include
voltage regulators, servo amplifiers, power
inverters. ete. Extra terminals are available |
on the package to permit the connection of |
booster transistors for current outputs higher
than the rated peak current (or for cur-
rent limiting).

The TA8651A is in a bolt-down package.

No doubt, vou will find manv uses for
this little module with the powerful punch.
The TAS651A ($18.50) is in a 10-lead
bolt-down power package. l

Recommended Reading. A truly remark- |
able publication available to engineers for
the asking from Teledyne Semiconductor
is JFET Applications and Specifications, a
160-page handbook of junction FET the-
ory, terminologv, specifications, and appli-
cations. Purameters are defined and dis-
cussed, with cross references, selection
guides and device specifications. Also in-
cluded are applications such as analog |
switching, low-noise circuits, differential
amplifiers, 1r-f amplifiers, source followers
of various tvpes, current regulators, oscil-
lators, active filters, and voltage controlled
resistors. In short, there is something for
everyone interested in JFET’s. A worthwhile |
addition to vour solid-state library.

For More Information. Write: |
RCA Solid State Division ‘
Box 3200 ‘
Somerville, NJ 08876
Teledyne Semiconductor
1300 Terra Bella Ave.
Mountain View, CA 94040,
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VerSatile
IC Timer

From 10 microseconds to 1000 seconds

using one IC and four components

BY WALTER W. SCHOPP

HERE are timers that are initiated by the

closing of a switch and there are timers
whose cycles are started by the opening of
a switch. There are circuits that energize a
relay to close contacts and circuits to de-
energize a relay—sometimes during the same
timing cvcle. Described here are circuits that
perform manv of these basic timing func-
tions, all using a low-cost easy-to-apply inte-
grated circuit. Some of the circuits are
operated by switches, some by touch plates.
In all cases, once the cycle has been started
the timing can not be affected by further

CONTROL
+Vce VOLTAGE
[—— 8 5

VREF

THRESHOLD( 6 COMPARATOR

COMPLRATOR

DISCHARGECT

FLIP-FLOP

triggering until the cvcle has been com-
pleted.

The integrated circuit is a Signetics tvpe
555. It is available from suppliers such as
Poly-Paks, Solid-States Sales, etc. The power
supply for the timers can be obtained from
a battery or an unregulated supply of 10 to
18 volts.

The accuracy of most timing circuits is
affected by voltage variations in the supply
because the charging rate of the timing ca-
pacitor varies with respect to the fixed tri gger
point of the device (transistor or FET) used

4 )RESET

2)TRIGGER

The internal circuitry of the 555
timer IC. Besides timing, the IC
can be used as an oscillator and
can operate in both monostable and
astable modes. The output can sink
or source 200 mA or drive TTL.

OUTPUT
STAGE
© 20,
ouTPUT GND
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Typical timing circuits: (A) Relay
normally energized. Time cycle initi-
ated by closing normally open switch.
Relay de-energized during time cycle.
(B) Relay normally energized. Time
cycle initiated by opening normally
closed switch. Relay de-energized dur-
ing time cycle. (C) Relay normally
energized. Time cycle initiated by
contact on touch plate. Relay de-en-
ergized during time cycle. (D) Relay
normally de-energized. Time cycle ini-
tiated by closing a normally open
switch. Relay energized during time
cycle. (E) Relay normally de-ener-
gized. Timing initiated by opening
switch. Relay energized during time
cycle. (F) Relay normally de-ener-
gized. Time cycle initiated by touch
plate. Relay energized during cycle.

at the input of the timer. In the circuits
presented here, the charging rate of the tim-
ing capacitor and the threshold trigger point
of the comparator are both directly propor-
tional to the supply voltage. This means that
the power supply voltage has little effect on
the timing accuracy.

Timing cycles varving from microseconds
to hours can be obtained by changing the
time constant of the resistor/capacitor cir-
cuit. The chart shows the values to use for
R and C for different time delays.

The relay used in these circuits can be any
low-current sensitive relay such as Sigma
4F-5000 or 111°-2300-G-SIL. @

Required R and C for timing intervals from 10 microseconds to 1000 seconds.
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New Literature;

PTS TUNER PARTS REPLACEMENT CATALOG
PTS Electronics has put together for radio-TV
repairmen, dealers, and service technicians the
latest edition of their Tuner Parts and Replace-
ment Guide Catalog—No. III. Aside from the
usual updated listings for antenna coil replace-
ments and shafts, the new edition also con-
tains listings for uhf tuner parts, tuner chemi-
cals and tools, and assembly diagrams for both
vhf and uhf tuners. The catalog is available
for S$l-redeemable on the first minimum
parts order. Address: PTS Electronics, Inc,
P.O. Box 272, Bloomington, IN 47401.

ICS ELECTRONICS COURSES CATALOG

A catalog that describes their new home-study
Electronics Technology programs is available
from International Correspondence Schools.
Other new ICS courses described in the cata-

| log include Television Service Technician and

FCC Radiotelephone License training. Ad-
dress: International Correspondence Schools,
Scranton, PA 18515.

RCA R-F AND MICROWAVE DEVICES CATALOG

Solid-state r-f and microwave devices are de-
scribed in brochure No. RIT-700K recently
published by RCA. In “RF and Microwave
Devices,” a quick-selection guide shows power-
versus-frequency curves for the company’s en-
tire product line, with power levels to 80 watts
and frequencies to 3.5 GHz. The electrical
characteristics of all devices are summarized
by tvpe. To facilitate comparison and selec-
tion, the types are retabulated according to
application. Block diagrams illustrate typical
circuit applications, while photos are used to
show all package styles. Address: RCA Solid
State Division, Box 3200, Somerville, NJ
08876.

BROOKSTONE HARD-TO-FIND TOOLS CATALOG

Crammed into its 64 pages, Brookstone’s latest
“hard-to-find” tools catalog manages to list,
describe, and photographically show thousands
of tools for every area of interest. Featured
are hand tools and accessories for the wood-
working and cabinetry specialist, machinist,
leather worker, and electronics enthusiast.
New sections are devoted to garden tools and
outdoor gear. Address: Brookstone Co., 13
Brookstone Bldg., Peterborough, NH 03458.
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HOW TO REPAIR ELECTRONIC MUSICAL
INSTRUMENT AMPLIFIERS

by Byron Wels

This fact-filled book covers the repair and main-
tenance of the amplifying svstems used with
guitars, pianos, and organs, as well as the repair
of the musical instruments themselves. It begms
with a discussion of how electronics is used in
musical instruments and goes on to pickups and
microphones and the amplifiers with which they
are used.

Published by Tab Books, Blue Ridge Summit,
PA 17214 288 pages. $8.95 hard cover, $5.95
soft cover.

TUBE SUBSTITUTION HANDBOOK,
Sixteenth Edition

It will pml)al)ly come as a shock to those peop]e
trained to “think”

semiconductors that there is |

l

still an enormous quantity of tube-tvpe equip- |

ment around—led by color TV receivers. For
these people, und even those in the know, this
hook is a handy—and often indispensable—item.

Published by Howard W. Sams & Co., Inc,
4300 West 62 St., Indianapolis, IN 46268. Soft
cover. 96 pages. $1.75.

MANUAL FOR INTEGRATED CIRCUIT
USERS
by John D. Lenk

The integrated circuit storv from the nser’s point
of view is told in this new book. It describes
how existing commercial IC's can be used to
solve design and application problems by con-
centrating on simple, practical approaches to IC
use through rules of thnmb for selecting external
component values. Coverage of both linear and
digital IC’s as well as FET digital logic and
interfacing circuits for digital logic are included.

Published by Reston Publishing Co., Inc., Box

547, Reston, VA 22090. IHard cover. 416 pages.

$16.95
CORRECTION: In this depurtment in the

March 1973 issue we erroneously reported that
the Tah Books “Light Dimmer” Book 'Kit was
available for $3.95 for hoth book and kit. The
price we quoted for the two is incorrect; it
should be $4.95. Prices for other book kits vary.

We are sorry for anv inconvenience this mixup |

might have caused Tab Books and our readers.
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REGISTERED SALES-SERVICE

PACE
makes
another

PACE

: _—
SOUD STATE RADIO SPECIALISTS

2 YEAR
FACTORY
SERVICE
WARRANTY

RouGH

23 CHANNEL CB TRANSCEIVER

ALL crystals supplied *
5 Watts of Transmit »
Pace plus modulation »
Ceramic microphone *
Locking latch rack ¢

Pace Model 223

the PACE U,
introduced the first all transistor CB transceiver,
the Model 223 offers another breakthrough in both

From S. Engincering Team that

Price and Quality. Taking advantageof U.S. mass
mlucs and engineering knowhow,
the PACE Model 223 provides the truly great bar-
gain for todays CB operator who wants performance
and pricc with the quality guarantec of a U.S.
manufacturing firm.  With a NO compromise
design approach the PACE cngincershbuilt a double
conversion receiver with a full 6 section tuned
filter network for maximum rccewver performance
even under adverse conditions - we can guarantce
performance for 2 years bccause we shake every
one in the roughest QC test proccedure ever
designed for 2 way radios.

If you comparebefore youbuy you'll join the Proud
Pace owner's club!

((0)) PACE COMMUNICATIONS

Division of PATHCOM INC. 24049 South Frampton Ave.
Harbor City, Cafitornia 90710 = (213) 325-1290

Export: 2200 Shames Drive. Westbury, New York 11590
CIRCLE NO. 25 ON READER SERVICE CARD
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PART 2: SIMPLIFIED DESIGN CHARTS ENABLE YOU TO
BUILD YOUR OWN SPEAKER ENCLOSURES

AST MONTH, we discussed the charac-

teristics of the closed-box speaker sys-
tem, the effects of cabinet size on system
performance, and how to test woofers. In
this conclusion of our two-part series, we
will discuss the practical aspects of putting
together a speaker svstem after the optimum
speaker size and enclosure volume have heen
calculated.

Designing Without Test Equipment.
Knowing the approximate mass and compli-
ance of a woofer is insurance against the
possibility that vou have an atypical speak-
er. But it is not necessary to know these
exact figures to obtain a reasonable degree
of success. If you know the cone resonance,
you can predict the system resonance by
referring to the simplified design charts
shown in Figs. 5 through 11. These charts
show values that have been averaged from
tests conducted on many different kinds of
high-compliance speakers that are common-
ly available to the hobbyist.

In some charts, particularly those for
larger speakers, the resonance lines are not
parallel. The reason for the apparent dis-
crepancy arises from the fact that speakers
with higher resonant frequencies tend to
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have lighter cones than those with lower
resonant frequencies. After the compliance
limit is attained in low-resonance woofers,
further reduction in resonant frequency
must be accomplished by adding mass to
the cone. Greater mass, for a given chart,
produces a more horizontal line on the chart.

To predict svstem resonance without
knowing the mass or compliance of a woof-
er, you need onlv to go to the simplified
chart for the nominal diameter of vour
speaker. Choose the line on the chart that
matches the woofer’s free-air resonance, or,
if the correct figure is not shown, interpolate
to find the location for the woofer frequency.
Mark a point there and draw a line through
the point, making the line parallel to the
nearest resonance line.

As an example of how to use the charts,
assume that you huve a 6-in. speaker. You
would refer to the 6-in. speaker chart of
Fig. 7 and locate a resonance line for 50
Hz. Draw a vertical line for the enclosure
volume. If the volume is to be about 0.33
cu ft, the predicted system resonance will
be about 77 Hz. If more space is available,
vou might set the enclosure volume at the
value that will yield a box compliance equal
to the speaker’s compliance. To do this, mul-

POPULAR ELECTRONICS Inc*luding Electronics World
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Fig. 5. Simplified design chart for
4-in. speakers. Numbers on diagonal
lines indicate free-air resonance. To
use, find speaker’'s free-air resonance.
Locate point on chart for that fre-
quency, using speaker resonance lines
as guides, and draw line parallel to
nearest resonance line on chart. Read
volume for desired system resonance.

tiply the speaker’s free-air resonance bv 1.41
to obtain a desired system resonance of 70
I1z. Now, draw a horizontal line at 70 1z
on the chart. Where this line crosses the
resonance line, extend a vertical line to the
bottom of the chart to find the proper en-
closure volume. For our 6-in. woofer, the
diagonal line crosses the 70-Hz line at 0.5
cu ft; this would be the choice for optimum
box volume.

Enclosure Details. After finding the cor-
rect enclosure volume, the next step is to
make certain that this volume is available to
the wooter if box compliunce is to be cor-
rect. In small sealed boxes, the volume of
the internal bracing can occupy enough space
to become a significant factor. Also, the vol-
umes of the tweeter and/or midrange sub-
enclosures (which should be used if thev are
not self-enclosed) must be subtracted.

The interior depth of the enclosure
should be at least 1.5 times that of the woof-
er (unless the woofer is unusually long).
No inside dimension should be more than
three times that of any other dimension. A
typical ratio of external enclosure dimen-
sions is 5:3:2. For a bookshelf speaker sys-
tem, the box might be 15 in. long, 9 in.
wide, and 6 in. deep. To arrive at the cor-
rect dimensions, the ratio of length to width

JuLY 1973

can be set first, then enough depth can be
added to provide the correct volume. If the
depth is not enough to meet the require-
ment of 1.5 times the woasler depth, the
other dimensions can be juggled a bit until
the dimension ratios and the internal vol-
ume figures are right.

The best cabinet material to use for a
given speuker system depends on the size
of the enclosure. Plvwood is the traditional
choice and is quite satisfactorv. Enclosures
for 8-in., 10- m, and 12-in. S[)Cd]\@lS should
be made from %-in. plywood that is glued
and firmly screwed together with the aid of
corner glue blocks and extra bracing on large
panels. For small woofers, %-in. plywood is
adequate; the enclosure itself can be uas-
sembled with glue and nails. Small pancls
are much more rigid than are large ones of
the same material and thickness. Also, small
woofers are limited in their power-handling
abilitv and will not be driven to the same
sound level as large woofers.

Back panels should be installed with
screws against a stop with an air-tight gasket
all around. A single layer of rubber tape
glued around the back stop will serve well
as u gasket. A perfect seal can also be ob-
ame(l by running a bead of flexible caulk-
ing compound (or silicone rubber com-
pound) around the back stop, but this
makes future back removal difficult.

The inside walls of the enclosure should
be covered with a damping material such
as fiber glass wool to damp out-of-phase
mid-range reflections. The thickness of the
I]hltelldl depends on its densitv. At least 1
in. of dense material is the minimum re-
quirement for most cabinets. The material
should be added a layer at a time until the
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Fig. 6. Design chart for 5-in. speakers.
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Fig. 7. Chart for 6-in. speakers.

Dashed line shows exampie in text.

system sounds “right”. Most damping mate-
rials have limited effect on low-frequency
response except to slightlv increase the ef-
fective volume of the enclosure and lower
the resonance of the system. The padding
does this by absorbing and giving up heat,
which makes the air in the enclosure oper-
ate isothermally (at a constant tempera-
ture). When sound is propagated isotherm-
ally, its velocity decreases. The formula for
C.., states that this factor varies inversely
with the square of the speed of sound (c).
So, as ¢ is decreased, C,, increases and
the enclosure appears to be larger than it
actually is. The system resonance in such
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BOX VOLUME {CUFT)
Fig. 8. For 8-in. speakers. Use the

dashed line for speakers with free-
air resonance near 50 Hz, with heavy
cone. Use upper line for full-range
speakers with free-air resonance of
50 Hz. Cone types will vary greatly.

104

cases may be reduced by as much as 15
percent.

Another effect of the damping material, if
enough of it is used, is that it lowers the Q
of the system by damping the resonant peak.
The higher the frequency of the system’s
resonance, the more effect the damping ma-
terial will have on system Q. The optimum
value of Q varies inversely with the resonant
frequency of the system. For smaller high-
resonance systems, a lower value of Q is
desirable because a peak is more objection-
able at higher frequencies. Hence, small en-
closures may benefit from being loosely filled
with damping material. Any loss of bass can
be compensated for by boosting the bass at
the amplifier—if the turnover frequency of
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Fig. 9. Design chart for 10-in. woofers.

the tone controls is not too high. But Q is
more directly controlled by the magnet de-
sign of the speaker than by box stuffing. This
is particularly true at the lower frequencies.

High-Compliance Woofers. High-compli-
ance woofers are made with many types of
suspension materials. A traditional material
was specially treated cloth that might be
formed in a sine-wave pattern, an ac-
cordion pleat, or a half-roll. Butyl rubber
and polyvurethane foam are also used for
speaker cone surrounds. Some of these ma-
terials react to climatic differences or use by
having a change in compliance. Typically, a
woofer’s resonant frequency will drop after
being “broken in.” But in other cases, the
resonant frequency rises with time.

POPULAR ELECTRONICS Including Electronics World
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The experience gained in making the
tests for the design charts given in this
article indicated that the degree of change
or stabilitv conld not be determined just l)y
ol)senwmr the tvpe of suspension material
used. Polymuhane foam tended to be sta-
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Fig. 10. For 12-in. woofers. Upper
line is for a typical high-efficiency
speaker with free-air resonance of
50 Hz. It shows that such speakers

are not suitable for compact ciosed box.

ble, but one such speaker was found to have
changed more over a period of a few years
than any other speaker tested for this.

To gnard against undue change in res-
onance, a new speaker should be exercised
for a while before testing. The tests should
be conducted under conditions of normal air
humidity  (similar to that of the room in
which the speaker will be used). A test
conducted in a humid basement may show
a slbmﬁc‘mtlv lower resonance than one
conducted ina dry attic.

If new woofers are stored in their ship-
ping cartons for some lime before use, the
hoxes should be turned on a side so that the
cones are vertical. The heavv cones of some
high-compliance large woofers will drift out
of position if stored with the cone horizontal
and the axis ot the speaker vertical. 1f this
occurs, it can be detected by inspecting the
spider assemblv for flatness. A drifted cone
will have moved the voice coil aw av trom
its proper position in the region of maximum
magnetic flux density, a situation that will
produce more distortion than was designed
into the speaker.

When a low-resonance woofer is installed
behind a speaker board, the cutout should
be large enongh to permit the suspension to
fiex without hitting the board. Auny friction

JULY 1973

between the suspension and the board will
raise the resonant frequency and generate
distortion. Front mounting of spcakels is de-
sirable, particularlv for h]Uh he({uencv driv-
ers. But behind-the- panel mounting is per-
missible if the front edges of the hole.s in
the speaker hoard are rounded off to elimi-
nate the sharp edges.

One high-compliance woofer characteris-
tic that is sometimes overlooked is its high-
frequency lesponse The crossover hequenc
for the tvpical high-compliance wooler must
be placed at a lower point in the audio
spectrum than lor a conventional woofer,
There are several reasons for this. The voice
coils of high-compliance woofers must be
long so that the cone can move freelv and
vet not take the voice coil out of the high-
flux range. This longer coil adds mdn(tmco
to the electrical cu(mt and acts as a low-
pass filter. Too, high-mass cones do not re-
spond well to high trequencies.

A rule of thumb is to use no tweeter with
the small full-range speakers. A two-way
system is suggested for woofers up to 10 in.
in a nominal diameter. Most 12-in. and 15-
in. woofers operate best when the crossover
point is at 500 Hz or, at most, 1000 Hz.
For systems that use these woofers, either a
small full-range speaker must be selected
for the tweeter or a three-wav crossover
network and a separate midrange speaker
and tweeter must be used.

The closed-box enclosure appears to be
utterly simple. It is—in the sense that there
is 1o unique volume that is mandatory for a
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Fig. 11. Design chart for 15-in. woofers.
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given speaker. But haphazard enclosure de-
sign will not provide satisfactory bass re-
sponse and suitable power-handling abil-
ity. A reasonable value for box volume in-
sures good performance, a challenge that
can be met by the average audio buff. @
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Only CREl offers you a choice of
18 prograims in advanced clectronics

ADVANCED ELECTRONICS CAREER TRAINING AT HOME

I you are 100 busy to go to college to learn advanced electronics. CREI
brings college level training to you. CREI programs give you practical
engineering training that you can apply in your work to move ahead to
higher paying jobs. And CREI lets you specialize in exactly the area of
electronics you want. You have a choice, depending on your qualifications,
of 18 different programs.

Not only are CREI programs college-level but arrangements are available
for you to earn college credit apphcable to advanced degrees.

o .
- i i) Py
P g s&@y}
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i
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For over 45 years CRE| programs have been recognized by leading
technical organizations as effective home study training in advanced
electronics.

NEW OPTIONAL LAB PROGRAM

CREI now offers a supplementary ELECTRONIC DESIGN
LABORATORY PROGRAM to make learning advanced
electronics easier and to give you actual experience to

use in your work.Only CREI offers this completecollege type
taboratory program. You learn to actually design electronic
y circuits. At the same time you get extensive experience

in tests and measurements, breadboarding. prototype
building and other areas important to your career.

Qualifications to Enroll. To qualify for enroliment in a CREI program, you
must be a high school graduate {or equivalent). You should also be working
in electronics or have previous training in this field.

Send for FREE book. If you are qualified, send for CREI's newly published
book describing your career opportunities in advanced electronics. This full
color book is filled with facts about career opportunities for you.

w2 i| Accredited Member, National Home Study Council

MERTE| cRe), Depr. E1207D
ﬁa[—l 3939 Wisconsin Avenue
gkl K% Washington, D. C. 20016
Rush me your FREE book describing my opportu-

nities 1n advanced electronics. | am a high schoo! CAplTOL

graduate. RAD'O

i as ENGINEERING
. - INSTITUTE

City State zIP

A Division of McGraw-Hill
If you have previous training in electronics, check here [ Conlinuing Education Co.
EmployEdiy; ——— 1 3939 Wisconsin Avenue,
Type of Present Work_ _ _ Washington, D. C. 20016

Velerans and setvicemen, check here for G. ). 8ill information []
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4 )

_New Products ,

MAGITRAN SOUND PANEL SPEAKERS

The Magitran Co. has introduced a new and
advanced version of their picture-frame speaker
systems built aronnd Poly Planar (lat poly-
styrene drivers. The walnut-stvled solid wood
picture frame Model DS60 speakers feature a
unique snap-on/snap-off concept for the silk
screen art that fits over the drivers. The art,
varying in stvle from Currier & Ives to color-
ful abstract designs, is available in 12 different
designs and colors plus a tweed brown speaker
grille cloth. The framed speaker svstems are
ultra-thin, permitting them to be hung from
a wall or stood up unobtrusivelv via a pair of
frame-coordinated wooden floor stands. The
speaker elements are rated at 28 watts rms (60
watts peak) and will work with amplifiers
with 4- to 8-ohm outputs. Frequency response
is 40-20,000 Hz.
Circle No. 71 on Reader Service Card

EDMUND SCIENTIFIC MULTIMETERS

A pair of multimeters for the technician,
hobbyist, and home appliance handyman are
currently being sold by Edmund Scientific

Co. Their Stock No. 71,740 instrument is
an 18-range unit that features a lever-type
range selector and a 3-in. meter. It measures:
de volts to 1000 V in five ranges at 20,000
ohms/V; ac potentials to 1000 V in four ranges
at 1000 ohms/V; current in four ranges to
500 mA de: and resistance in four ranges to
60 megohms. The 1l-range Stock No. 71,739
multimeter is tiny enough to fit in a shirt
pocket. It measures: ac and de¢ potentials to
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1000 V, each in four ranges; current in two
ranges to 100 mA de; and resistance to
150,000 ohms. Accuracy of the movement is 2
percent, while sensitivity is 1000 ohms/volt on
both ac and dc.

Circle No. 72 on Reader Service Card

POLY PAKS CHRONOMETER KIT

The “Kronos KIR100” chronometer available
from Poly Paks featires an LSI clock chip
made by National Semiconductor and a 32-
page brochure with pictorials and easy-to-
understand  step-by-step ingtructions for as-
sembling the kit. The chronometer includes
three setting controls and a “hold” button.
Facilities are built in for operation on a 12-
or a 24-hour readout format and 50- or 60-11z
power sources. There are three clock formats
trom which to choose; the first has MAN-3
LED readonts, the second has MAN-1 LED
readouts, and the third has gas-discharge
readouts. All readouts are of the 7-segment
tvpe, and all clocks have hours/minutes/sec-
onds display formats.
Circle No. 73 on Reader Service Card

PAIA ELECTRONIC INSTRUMENT PROCESSOR

PAIA Electronics, Inc., has announced the
availability of their “Synthespin MK-II" elec-
tronic instrument processor that produces such

special effects as acousti¢ tremolo, phaser/
wah, shimmering pseudo-reverberation, and
more. The unit features IC design, a wide
range of “rotating” speeds (0.2 to 15 cvcles/
second), and voltage-control programming
jacks. The MK-II can be operated in either
an automatic or a manual mode, controlled
with optional foot pedals. The unit is avail-
able factory wired and tested as the Model
17024 or in kit form as the Model 1702K.
Circle No. 74 on Reader Service Card

XCELITE ANY-ANGLE HEX DRIVERS

A line of Allen hex type screwdrivers and inter-
changeable blades with an unusual “ballpoint”
tip design that permits any-angle driving is
available from Xcelite Inci The tools are said
to be able to handle obstructed hex screws that
cannot be reached straight-on. Nine sizes, from
0.050 in. through 3/16 in, are available. Also
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available are fixed-handle types, singly or @ |
complete set in a handy roll kit with extra
pockets for associated tools, and interchange- ‘
able Series 99 blades, singly or in a compact

set that includes regular detachable handle, ‘

;1-[1\1(1 extelrlsi()n, and a :ur;ly trsnnspzn'zlt :)lastic % e ‘ | ]973 I_AFAYETTE
Circle No. 75 on Reader Service Car ‘ i
LAFAYETTE MOBILE CASSETTE PLAYER =) _ CATAI'UG 730/

The Lafayette Radio Electronics “Anto Mate”
cassette plaver is equipped to provide quality |
stereo sound playback from prerecorded cas-
sette tapes when used in a car, rover, or boat.

|
It is so compact (6%” x 67 x 1%”) that it can ’ Your Complete Electronics Buying Guide
|

e Stereo/Hi-Fi Components e CB Transceivers &
Walkie-talkies e PA Systems e Tools & Test Equipment
o Police/Fire Monitor Receivers e Antennas e Photog-
raphy Equipment e Ham Gear o Books, Parts, and More!

Send Lafayette Radio Electronics

| Today! P.0.Box 10, Dept.35073

' Syosset, L.I., N.Y. 11791

I_N_ANE—_—__—_—-?SO? I

|

' | ADDRESS I

| ciry I
be installed in the glove compartments of most | l |
cars. Placing a cassette into the front-panel | STATE zZiP

slot starts the playback automatically. The — — — — — — — — — — — — —
user then has full control via separate volume CIRCLE NO. 17 ON READER SERVICE CARD

and tone controls and a slide-type balance con- —ABOUT YOUR

trol. Two pushbuttons provide tor fast-forward

tape motion and cassette ejection. The play- SUBSCRIPTION

back deck, which easily mounts via two in-

cluded brackets, is designed to operate from Your subscription to POPULAR ELECTRONICS is

12-volt negative-ground electrical  systems. maintained on one of the world's most modern,
Circle No. 76 on Reader Service Card ‘ efficient computer systems, and if you're like 99%

of our subscribers, you'll never have any reason

NORTRONICS CARTRIDGE ALIGNMENT TAPE to complain about your subscription service.

We have found that when complaints do arise,
the majority of them occur because people have
written their names or addresses differently at
different times. For example, if your subscription

The Recorder Care Division of Nortronics Co., |
Inc., now has available the Model AT-820 8-
track stereo alignment tape for cartridge plav-

ers. The tape permits mpld‘ test and adjustment were listed under “William Jones, Cedar Lane,
of most important functions on home and Middletown, Arizona,” and you were to renew it
mobile cartridge players. Cycle playing time as "Bill Jones, Cedar Lane, Middletown, Arizona,”
is approximately 8 minutes. Tests on the tape our computer would think that two separate sub-
include: program and channel identification by scriptions were involved, and it would start send-

ing you two copies of PoPuLAR ELECTRONICS each
month. Other examples of combinations of names
that would confuse the computer would include:
John Henry Smith and Henry Smith; and Mrs.

voice, track height, azimuth, frequencv re-
sponse and speaker phasing, and tape speed
Other tests include wow and flutter, switching,

and crosstalk. Four programs of stereo music Joseph Jones and Mary Jones. Minor differences in
permit the testing of overall machine perform addresses can also lead to difficulties. For exam-
ance. ple, to the computer, 100 Second St. is not the
Circle No. 77 on Reader Service Card sanée 88'100 anth. " _ .

0, [ -

RGA TV MARKER/SIGNALYST GENERATOR | || scrintion. be sure to enclose the mailing label
RCA’s new Model WR-525A \Marker/Signalyst from the cover of the magazine—or else copy your

is designed for servicing TV receivers and name and address exactly as they appear on the
CATV, MATYV, and closed-circuit systems. It ’ mfallmg label. This will greatly reduce any chance
can be used with sweep-alignment generators ?eqﬁggr;njgg nmie‘%'dlicﬁﬁ, U G L
to check TV tuners and overall r-f/i-f receiver ' ’

alignment on all vhf and muny uhf channels.
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12 REASONS YOUR CAR NEEDS
TIGER CDI

Instant starting in any weather - Eliminates tune-ups -
Increases gas mileage - Increases horsepower 15% -
Improves acceleration and performance - Spark plugs
tast up to 70,000 miles - Reduces engine maintenance
expense - Amplifies spark plug voltage to 45,000 volits
- Maintains spark plug voltage to 10,000 RPM - Re-
duces exhaust emissions - Dual ignition switch - An
Unconditional LIFETIME GUARANTEE - Installs
in 10 minutes on any car with 12 volt negative ground
- No rewiring - Most powerful, efficient and reliable
Solid State Ignition made.

SATISFACTION GUARANTEED or money back.

TIGER 500 assembled . ... ...... $49.95
TIGER SST assembled . .. ... .... 39.95
TIGER SST Simpli-Kit.......... 29.95

Post Paid in U.S.A.
Send check or money order with order to:

Tri-Star Corporation

Dept. W, P. O. Box 1946
Grand Junction, Colorado 81501

DEALER INQUIRIES INVITED
CIRCLE NO. 29 ON READER SERVICE CARD

Digital Multimeter

YOUR personal Digital Multimeter is here! The
functions you need most — at the righz price —
with no sacrifice in quality. Full factory warranty.
* Autopolarity * LSi & C/MOS Circuitry
* 100% Overrange * Large 0.55 Digits
SPECIFICATIONS FOR MODEL 3000

1, IO.JM, 1000 RESOLUTION  0.1% all Ranges

1, 10, 100, 1000 ACCURACY

1K, 10K, 100K, 1M, 10M DC & OHMS 0.5% * 1 Oigit
105-125 VAC 60 Hz 3w AC 1.0% & 1 Digit

DC VOLTS
AC

OHMS
POWER

Payment with personal check, money order, BankAmericard,
and Master Charge card acceptable. Inciude all raised information
on charge cards. Net 30 days to well rated firms. No COD
orders. Add $3 for postage and insurance.

EXPORT model available. Write for details.

LINEAR DIGITAL SYSTEMS corp.
PO.BOX 954 GLENWOOD SPRINGS, COLORADO 81601

CIRCLE NO. 18 ON READER SERVICE CARD
12

Continuously tunable, the instrument is cali-
brated for fundamental signal output on pic-
ture-carrier frequencies and will provide dual
picture and sound sweep-alignment markers
when modulated with a 4.5-MHz signal. Con-
nections for eternal video input make it
possible also to modulate the WR-525A with
dot, crosshatch, or color-bar signals from an
external generator, or with the video output
trom a TV receiver.
Circle No. 78 on Reader Service Card

HEATHKIT DESK-TOP CALCULATOR KIT

The Heathkit Model IC-2108 desk-top calcu-
lator is a four-function unit with a low-profile
case and one of the largest, most legible 8-
digit, 7-segment displays available. Provisions
are made for the user to select either floating
or fixed decimal operation at the flip of a
switch. A constant kev permits chain calcu-

o - 2

lations, while a clear-entry key allows the
removal of any entrv from the display with-
out disturbing prior calculations. Negative
answer and entry and result overflow are auto-
matically displaved. The color-coded kevboard
eliminates confusion when making entries or
performing lengthy calculations. The keyboard
slopes to the desk for comfortable arm posi-
tioning. Available only in kit form, the IC-2108
can be assembled by almost anyone in about
two evenings.
Circle No. 79 on Reader Service Card

TOYO 8-TRACK CARTRIDGE PLAYER/RECEIVER

Toyo Radio’s new Model 680 is the first luxury
component stereo system designed to provide
the convenience of 8-track stereo cartridges.
It features automatic and pushbutton program
selection, digital program lights, jacks for head-
phones and external speakers. The AM/stereo
FM receiver, with built-in stereo beacon and
afc, delivers, 35 watts of music power into two
supplied 8-ohm full-range speakers.
Circle No. 80 on Reader Service Card

AKAl CASSETTE TAPE RECORDER

Akai’s new top-of-the-line Model GXC-41 cas-
sette recorder develops up to 11 watts of IHF

POPULAR ELECTRONICS including Electronics World
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music power. Driven by a hysteresis motor, the
deck has a lifetime glass and uvstal ferrite head
tor record/playback and a ferrite erase head.
Also featured is an exclusive Automatic Dis-
tortion Reduction System (ADRS) that virtual-
Iv eliminates the IM distortion usually found in
the low-speed re(mding of the high-frequency
runge. ADRS varies the recording equalization
dLLOI(lmZﬁ to signal level to uchieve clear high-
fxequency sound on cassette Iecordmgs \
Circle No. 81 on Reader Service Card

G

%m&w& . ‘&&g,:&‘] ‘mt
PIONEER 8-TRACK RECORD/PLAY DECK i
A digital timer, with reset button, is featured

B Y YOU GAN HAVE
TOMORROW’S

IGNITION ON

YOUR CAR TODAY

Don’t accept ““as goodas”there are
none.

S L A P

Write Today for Literature

JUIDSOIN

RESEARCH AND MFG. CO
recording  time CONSHOHOCKEN PA,19428

signed to measure elapsed
in minutes and seconds, rather than footage,
the timer pm\'i(lc.‘\ more accuracy in recording

All material from a single album, for ex;unp]é,I TV TUNER SERVICE

CIRCLE NO. 16 ON READER SERVICE CARD

can be recorded on one track of a blank tape
without any wmoying overlap of the material
onto a second track. Also featured are manual
and automatic recording modes, complemented
by lighted VU meters, or automatic level con-
trol; anto-stop switch for 1- or 4-track record-
ing, or endless playback; magnetic phono input
jack: pause switch; fast-forward button; man-
ual/automatic track change: and tape-end stop.
Circle No. 82 on Reader Service Card

VHF, UHF, FM or IF-Subchassis. . .
. All Makes

Loy

& Fst § hr Service!

You owe it to yourself
REALISTIC 10-BAND PORTABLE RECEIVER o wy RIS we are the fastest growing. oidest NEW SERVICE CENTER

2nd_now the Jarkest tuner service comPany in the
worz, Here 15 whal you get

New from Radio Shack is a 10-band portable ey et v vg oo | DHILADELPHIA. PA
, PR,

Zay. Overnight tans.t to one of our sls Plants.

receiver that literally puts the whole world st A M
at the user’s hands. Called the Realistic Patrol 5. 2 Fsall 3 s vt o v st P.O. BOX 16855

man-10, it tunes all of the most wanted bands, b e e i s o Phila. Pa. 19142
including all three vht police/public service and e el L=l lerduner ||
y (3 rmmm "helptul presonaized servicer

aircraft bands, plus the uhf band now being
used by police, fire, and other emergencv serv-

LIKE 10 DO ITYDURSELFY

o, d i PTS maker all tumer Sarts avaitable to tou. ® 60 Pages of top information e Blowup of an
1ICes In many major metrOPO]ltim areas. The re- Song_one goflar_(refeemable) for our TUNER RE- & irtamma " Call Repiacement Gotde e WuTkaY
9 PLACEMENT GUIDE AND PARTS CATALOG Replacement Tunér Shaft Guide

ceiver also covers the marine band, three
shortwave bands, und the standard AM and FM
broadcast bands. It has pushbutton band selec- —
tion, fine tuning, bfo (for C\W and SSB recep- | | Precision
tion), adjustable squelch, and tuning/batterv- .
' € g/ batter: Tuner Servic

condition meter.

We i VHE-UHF-F, $9.95
offer you finer, faster... ool o

IF-MODULE $12.50

Major Parts charged at Net Price

« u:ramzco REPLACEMENTS AVAILABLE
245 UP (NLW OR RESINLTE

Circle No. 83 on Reader Service Card .
PTS ELECTRONICS, INC.
PAGE cB TRANSGEIVER ‘ HOME OFFICE~— P.0. Bor 27Z—llnlmm[lln_ tng, 47401 'tl ll} ll‘ S’)l
i e ermants. Ci Seaar ol ST ens
. i i = : = T
Built into the Pace Communications Model DX Aotwes— F e mHEZ‘.’:‘ft‘v..'m%“‘” ) o RN
’7‘300}; CB t o . i ‘.l . f | MOURTAIN — P.0 Bov 4145_Deaver. Calo. 30204 Tel. 163/244-2818
O ransceiver is a silent-running fan CIRCLE NO. 24 ON READER SERVICE CARD
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Midwest

WHOLESALE
& MAIL ORDER
DIVISION

your wallet.

Don’t © pay retail prices. Choose
from over 100 name brands,

and save on freight charges

by ordering from the location
nearcst you.

Write today for our free catalog!
Midwest Hifi Wholesale & Mail
2455b Wisconsin Ave.

Downers Grove, Ill. 60515 (Attn Peter Eckart)
3309 E. ] W Carpenter Frwy.,

Irvirg, Tex. 75062 (Atin Paul Eisner)

tder Div.,

— e

CIRCLE NO. 23 ON READER SERVICE CARD

» Start your custom

Model FC-100

WIRED 6995 ; mv”"""‘“’"ﬁ

—

C 4
©

Burglar/Hold-up/Fire Alarm
System with the FC-100.

Add on Sensors, Alarms

and Accessories to suit your '
own needs. 1
“Do-it-Yourself” Installers
Handbook inciuded. No
technical knowledge needed —

No soldering.

100% Professional in Design, Reliability,
Performance.

Fail Safe-SYSTEM BY EICO

A New Concept in “Do-it-Yoursell” Home Protection

2.

P

FREE 32 PAGE EICO CATALOG

For latest catalog on EICO Test Instruments, Stereo, EICOCRAFT,
Projects, Environmental Lighting, Burglar/Fire Alarm Systems,
and name of nearest EICO Distributor, check Reader Service

Card or send 25¢ for First Class mail service. =
- i

EICO, 283 Malta Street, Brooklyn, N.Y. 11207 —J

CIRCLE NO. 10 ON READER SERVICE CARD
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that keeps the rig cool and reliable during con-
tinuous operation. Excellent selectlwtv is pro-
vided by a special six-section tuned network
filter in a dual-conversion superheterodvne re-
ceiver. These filters also greatly narrow the
bandwidth for added noise reduction. Superior
frequency stability, provided by an extra com-
pensating circuit that offsets frequency drift
due to temperature changes, enables the DX
2300B to maintain a consistent 0.25- nVosen-
sitivity. A special modulation Dhooster is backed
by a class A audio power amplifier to provide
an efficient upward modulation kick and ex-
tended transmitter range.
Circle No. 84 on Reader Service Card

SANSUI AM/STEREO FM TUNER

State-of-the-art design in a moderately priced
AM/stereo FAI tuner makes the new Sansui
Model TU-505 the most advanced unit of its

kind in its price range. The sensitive front end

uses a dual-gate MOSFET for high sensitivity,
and selectivity is enhanced by the i-f section
with an IC and a pair of two-resonator ceramic
filters. The tuner has two pairs of outputs for
amplifier connection and for direct tape record-
ing off the air. Antenna inputs are provided
for both 300-ohm balanced and 75-ohm un-
balanced lines, as is a provision for an external
AM antenna. Switches are provided for high-
frequency noise suppression and for intersta-
tion muting.
Circle No. 85 on Reader Service Card

AUDIOVOX MOBILE STEREJO FM RADIO

One of the most compact miobile stereo M
receivers,

the Model I'NX-20, is now avail-

able from Audiovox Corp. It features a large
illuminated dial that facilitutes easy tuning,
a stereo indicator lamp, solid-state circuitry
complemented by ceramic filters that insure
trouble-free performance, u stereo/mono selec-
tor switch, and sliding balance and tone con-
trols—all in a package that measures only 6” x
5" x 1%”.
Circle No. 86 on Feader Service Card
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Surplus Scene/

\

By Blexander W. Burawa, Associate Editor

CONTINUING THE LIST OF SURPLUS DEALERS

Last month we began an index of dealers
doing business on the Surplus Scene, giving
addresses and mentioning the items they
stock and sell. So, on with the list.

EEP Corp., 10180 W. Jeflerson Blvd.,,
Culver Citv, CA 90231. Diodes, transis-
tors, voltage regulators, EXAR products;
red and green 7-segment and overflow-1/
polarity indicators «nd red LED’s.

Colonel Wayne D. Russell, 9410 Wal-
hampton, Louisville KY 40222. Real mili-
tary surplus receivers, transmitters, trans-
ceivers, retransmitters, a-f amplifiers; con-
version instructions provided to use equip-
ment in ham and SWL service.

Barry Electronics Corp., 512 Broadway,
New York, NY 10012. Military surplus
gear; new transformers, variable and fixed
capacitors, power resistors, vacuum tubes;
telephones, CB transceivers, intercoms; r-f
power measuring instruments.

Baynton Electronics Corp., 2709 N. Broad
St., l’hlladelphm PA 19132. Not really a

“surplus” dealer in the usual sense, but they

stock a wide assortment of top name-brand
lab and service test eqmpment waveguide
and coaxial components; wire and cwble

Wallen Electronics Co., Inc., 46 N. Man-
chester St., Brockton, MA ():2402 Rent,
lease, sell and buy all sorts of gear made hy
the big-name manufacturers. Items include
components and special-purpose tubes; ra-
dar and microwave devices; 1(11)01‘1t0ry
and service bench equipment; mlhtalv, air-
craft, and marine equipment.

Data Instrumentation Associates, 208 S.
Pulaski St., Baltimore, MD 21223. This rel-
atively ne\v company to the surplus busi-
ness deals primarily in digital, communica-
tion, and test equipment made by the big-
name companies and acquired from com-
mercial and government sources, as well as
a line of 7400-series digital 1C’s.

JULY 1973

Surplus Center, P.O. Box 82209, Lincoln,
NB 68501. New und government surplus
electronic equipment ranging from CB
transceivers through individual parts. Parts
llstmg of primary interest to e\penmente]s
and hams.

Herbach & Rademan, Inc., 410 E. Erie
Ave., Philadelphia, PA 19134. Surplus deal-
ers to the industry, really, but if you need
something exotic like a color-TV broadcast
studio on wheels or more down-to-earth
items like motors, selsvns, relavs, etc.

Lawrence Instruments, P.O. Box 744,
Sunbury, PA 17801. Test and measurement
gear, 10-turn pots, punel meters, transceiv-
er base stations, equipment slides, equip-
ment bags. Lots more; catalog changes
every month.

Electro Craft, Inc., 1124 Dorchester Ave.,
Dorchester, MA 02125 Primarily sophisti-
cated lab-tvpe test and measurement equip-
ment made by the big-name manufactur-
ers: also a selection of microwave and in-
dustrial tubes.

Babylon Electronics, P.O. Box ], Car-
michael, CA 95608. Not really a surplus
dealer, l)ut the company has a well-rounded
inventory of digital and linear IC’s, includ-
ing some CMOS and Schottky TTL dev1ces
calculatox -on-a-chip and three-chip calcu]a-
tor set; Numitron and MAN-1 7-segment
readouts; digital counter kits.

Digi- Kel/, Box 126K, Thief River Falls,
AN 56701. Don’t let the name of the town
fool you; this company has some really good
buys in factory-first linear and digital IC’s,
general purpose  silicon tlans1stors rectlﬁ-
ers, readout tubes, Molex IC socket pins.

Encironmental Products, Box 1014 Glen-
wood Splmgs CO 81601. Definitely not a
“surplus” dealer but mentioned here for the
digital experimenter looking for low-cost
power supplies, universal counter/display
modules, frequency counter preamp, etc.

s
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ELECTRONICS MARKET PLACE

NON-DISPLAY CLASSIFIED: COMMERCIAL RATE: For firms or indi-
viduals offering commercial products or services, $1.60 per word
(including name and address). Minimum order $16.00. Payment
must accompany copy except when ads are placed by accredited
advertising agencies. Frequency discount: 5% for 6 months;
10% for 12 months paid in advance. READER RATE: For individ-
uals with a personal item to buy or sell, $1.00 per word (includ-
ing name and address.) No minimum! Payment must accompany
copy. DISPLAY CLASSIFIED: 1”7 by 1 column (254" wide), $200.00.
2" by 1 column, $400.00. 3” by 1 column, $600.00. Advertiser to
supply cuts. For frequency rates, please inquire.

GENERAL INFORMATION: First word in all ads set in bold caps at
no extra charge. All copy subject to publisher’s approval. All
advertisers using Post Office Boxes in their addresses MUST
supply publisher with permanent address and telephone number
before ad can be run. Advertisements will not be published
which advertise or promote the use of devices for the surrepti-
tious interception of communications. Closing Date: 1st of the
2nd month preceding cover date (for example, March issue
closes January 1st. Send order and remittance to Hal Cymes.
POPULAR ELECTRONICS Including ELECTRONICS WORLD, One
Park Avenue, New York, New Ycrk 10016.

FOR SALE

FREE! bargain catalog. Fiber optics, LED's, transistors, dlodes,
rectifiers, SCR's, triacs, parts. Poly Paks, Box 942, Lynnfield,
Mass. 01940.

GOVERNMENT Surplus Receivers, Transmitters, Snooperscopes,
Radios, Parts, Picture Catalog 25¢. Meshna, Nahant, Mass. 01908.

LOWEST Prices Eiectronic Parts. Confidential
KNAPP, 3174 8TH Ave. S.W., Largo, Fla. 33540.

Catalog Free,

ELECTRONIC PARTS, semiconductors, kits. FREE FLYER. Large cat-
alog $1.00 deposit. BIGELOW ELECTRONICS, Bluffton, Ohio 45817.
CONVERT any television to sensitive, big-screen oscilloscope.
Only minor changes required. No electronic experience neces-
sary. lllustrated plans. $2.00. Relco-A33, Box 10563, Houston,
Texas 77018.

NATIONAL MOS [CT5005 7400 TTLow
DYNAMIC shift rogistersi0-5 CALCULATOR ON A CHIP 7400- - i § 36
MM502  dual 50 bit1.25 [ This chip has a full four

MM506  dual 100 bit 1.50 |function memory. Memory {s
MM5006 dual 100 bit 1.50 |controlled by four keys, *M
MM5013 1024 bit 2.00 Eadas entry to memory),
MM5017 dual 512 OIP 2.00 [(subtract entry fmmmemrvx

MM5016 512 bit 1.50 |CM (clear memory--without--
cTearing rest of registers),
STATIC shift registers RM ( read memory or use 2s

MM504  dual 16 bit 1.50 |entry).
MM505  dual 32 bit 1.75

7
<12 DIGIT DISPLAY AND CALC.
.50 | FIXED DECIMAL AT 0,1,2.3.
A~ ] 4. OS5 7448
3 CHIP -LEADING ZERQ SUPPRESSION | 7450.
CALCULATOR SET <SEVEN SEGMENT MULTIPLEXED | 7451
This calculator set has | OUTPUT 7453
eight digit.floating point | -TRUE CREDIT SIGN DISPLAY ‘7454
with 1eft hand entry. It [-SINGLE 28 PIN CHIP
will add, subtract, multi Chip and data»-$14 95 7472
ply. and divide. Overflow Data only------
and negative signals are (refundab'le) 7474
provided. —————‘7 76
- Chips and aaca---v FH 1101/2501
1.00 | 256 BITx1 MOS memory $2.25 7433
faa e 2T MEMOTY 3223

MAN & Tiis

39 Popular 7 segment diffused
E LED. Dual in line 14 pin
capable of displaying all
digits and nine distinct
Tetters.

74
20 @
anly each L
LM1I

NE531 0p amp 10-5 7,00 LED s 100

NE561 phase lock loop DIP 3.25 *special
NES6S phase lock toop TO-5  3.25 %9 €ach
NE566 function generatorT0-5 4.004 3.50 for ten
NES67 tane decoder TO-5 4.0 29.95 for 100

M550 dua] differential
analog swltchz

MV-50 red emitting
10-40ma @ 2V
MV5020 red LED .45

MV-108 Visible red
o 5-70ma @ 2V .45

KE .
TAL(MING DIP)—— .40
747-

Ten or more. g
1T 1C's are new m funy Tested,leads are pvated -m 2
lgold or salder. Orders for $5 or more will be ship
prepaid. Add 35¢ for smaller orders. California resi-
dents add sales tax. IC arders are shipped with 24 hrs
COD*s may be phoned 1n$10. minimum Money back guarantee|

|3|:‘BVLO| . 2'?-?” C"""icg;el.
alifornia
ELECTRONICS
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WE SELL CONSTRUCTION PLANS. TELEPHONE: Answering Machine,
Speakerphone, Carphione, Phonevision. Auto Dialer, Touch Button
Dialer, Central Dial System. TELEVISION: $35.00 Color Converter
Video Tape Recorder. $25.00 Camera. HOBBYIST: Electron Micro-

scope, 96 Hour Tape Music System, Ultrasonic Dishwasher,
Radar-Oven. Pians $4.95 each. NEW ITEM: §$75. Eiectronic
Pocket Calculator, $7.50. GOURSES: Telephone Engineering

$39.50. Detective Electronics $22.50 Integrated Circuit Engi-
neering, 549.50. NEW SUPER HOBBY CATALOG plus year's sub-
scription to Electronic New Letter AIRMAILED $1.00. Don Britton
Enterprises, 6200 Wilshire Blvd., Los Angeles, Calif. 90048,
RADIO—T.V. Tubes—36¢ each. Send for free catalog. Cornell,
4213 University, San Diego, Calif. 92105.

SENCORE, B&K Test Equipment Unbelievable Prices. Free Catalog
and Price Sheet. Fordham Radio, 265 East 149th Street, Bronx,
N.Y. 10451.

METERS—Surplus, new, used, panel or portable. Send for list.
Hanchett, Box 5577, Riverside, CA 92507.

PYROTECHNICAL chemncals casings, tools, supplies, fuse, Iiter-
ature. Giant, illustrated catalogue/ handbook includes formulas,
instructions—50¢, with samples——$1.00. Westech, Box 593,
Logan, Utah 84321.

ANTIGRAVITY, experiment and theory, Rushed-—$2.00. U.S. In-
quiries. Intertech 7A9, Box 5373, Stition-F, Ottawa, Canada.

JAPAN HONG KONG DIRECTORY. world products information.
$1.00 today. World Trade Inguiries, H|I|yard Washington 99207.

TEST EQUIPMENT Aerospace- Labora ory Grade Request your
needs; will mail appropriate catalogs (we have 24 catalog cate-
gories). Only for Engineers, Businesses, Schools and advanced
Technicians. Goodheart, Box 1220PE, Feverly Hills, Calif. 90213.
CONSTRUCTION PLANS: Laser . . . $2.00. Missile Tracker . . .
$2.00. Catalog 25¢. ESP Experimentefs Kit . . . $2.00. Howard,
P.0. Box 35271, Detroit, Michigan 48235.

BUqu YOUR OWN SPAGE-AGE TV CAMERA

™ rong tructs
el XTIA, Sater D camolar s vicen 8.3
| mid alyshew in u&\" = “:: idicon wobe $116.950)

PHONE or WRITE for CATALOG.
DIAL 4029873771

Moy other|kits, parts ané plans sveiloble including sterser kin, focus-
defl. coils) vidicon tobes, const plons, oudio subcmmier ki, etc.

1301 BROADWAY ATV Research  vaxon oy, nes. 6873

AMATEUR SCIENTISTS, Electronics Experimenters, Science Fair
Students . . . Construction Plans—Complete, including draw-
ings, schematics, parts list with prices and sources . . . Robot
Man — Psychedetic shows — Lasers — Emotion/Lie Detector —
Touch-Tone Dial—Quadrasonic Adapter—Transistorized Ignition
—Burglar Alarm—Sound Meter . . . over 60 items. Send 25¢ coin
(no stamps) for complete catalog. Technical Writers Group, Box
5994, State College Station, Faleigh, N.C. 27607.

POPULAR ELECTRONICS Including Electronics World
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SCOPES, meters, test equipment, military and industrial surplus.

Write for free ‘‘Bargain Bulletins''. Lawrence Instruments, P.O.

Box 744, Sunbury, Pa. 17801.

MECHANICAL, ELECTRONIC devices catalog 10¢. Greatest Values
Lowest Prices. Fertik's, 5249 ‘D', Philadelphia, Pa. 19120.

DIGITAL ELECTRONICS) Comptete schematics, parts lists, theories
—Discrete Component Digital Clock, $3.00—Sound Sensitive
Switch, $1.50. Increase technical competence, hobby skills—
Complete Course in Digita! Electronics is highly effective, $10.00.
Free literature. DYNASIGN, Box 60A7, Wayland, Mass. 01778.

SURPLUS electronics for everyone. Free catatog. U.S. inquiries.

ETCO, 464 McGitl, Montreal, Canada.
FREE Catalog lists resistors, tubes, transistors, rectifiers,
condensers, tools, tuners, etc. Hytron Hudson, Dept. PE, 2201

Bergenline Ave., Union City, N.J. 07087.

OSCILLOSCOPE. New 10 MHz trigger sweep and dual trace. Add
to any scope. HTP, Box 901, Cupertino, Calif. 95014.

FREE CATALOG

upT0 50% OFF COMPARABLE KITS*
*BUY DIRECT » SAVE $§$

FREE Catalog — Electronic Kits — Amplifiers —
Preamps — Psychedelic Strobes — Burglar Alarms
Digital Tachometer — More: Free Catatog.
SWTPC, Box A32040, San Antonio, Tex. 78284.

Transistor. Information 10¢.

Anderson Engineering, Epsom, N.H. 03239.

IGNITION SYSTEMS: Capacitor,

AUTHENTIC, INSTRUMENTED, FLYING ROCKETS for casual or
serious experimenters. Over 80 scale original, multi-stage or
ready-to-fly models. Solid-propellant engines for safe, electric
launch system liftoffs up to 2,500 feet. Measure altitude, temp.
inversions, more. Real telemetry, electronic tracking, aerial
still and movie photography with super-miniaturized equipment.
New, detailed tech manual and full-color catalog, 25¢ from
ESTES INDUSTRIES, Dept. 18L, Penrose, Colo. 81240.
ALPHA/THETA feedback instruments—$25. Sensitive circuit of
$75 unit. Ultimate ease of use. Inner Space Electronics,
Box 308PE, Berkeley, CA 94701.

ELECTRONIC CDI lgnitions, VHF/UHF monitors, CB radios.
Wholesale. Southiand, Box 3591, Baytown, Texas 77520.
FREE CATALOG. Parts, circuit boards for Popular Electronics

projects. PAIA Electronics, Box C14359, Oklahoma City, OK 73114,

BURGLAR-FIRE alarm supplies and information. Free catalog.
Protecto Alarm Sales, Box 357-G, Birch Run, Michigan 48415.
DIGITAL and analog computer madules. LED numeric display Kits.
FREE LITERATURE. Scientific Measurements, 2945 Central,
Wilmette, 1llinois 60091.

ELECTRONIC ORGAN KITS, KEYBOARDS, Independent and divider
tone generators. All diode keying. 1.C. circuitry. Many com-
ponents. With our kits you can build any type or size argan de-
sired. 25¢ for catalog. DEVTRONIX ORGAN PRODUCTS, Dept. C,
5872 Amapola Dr., San Jose, Calif. 95129.

POLICE—FIRE Frequency Directories $2.00. Monitor Crystals
$4.95. 25¢ extra for airmail. Crystal Service, P.0. Box 612, East
Moline, Illinois 61244.

EXPERIMENTERS—Circuits, V/F converters $2.00. Others, fist
25¢. Yeager, P.0. Box 2213, O)ympla Washington 98507.
DIGITAL ALARM cCLOCK KIT One LSI/DIP does everythmg, 7
minute snooze, automatic auxiliary power changeover, etc. Four
.56 displays, DIP, and PC board $29.95. Above plus two .4”
displays $34.45. Digi-tel Electronics, Box 6585P, Toiedo, Ohio
43612.
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Used in calculators. touch-tone, encoding, pmgrammmg
devices. PUSH BUTTONS (0 to 9) & 2 uncom-
mitted. All switches have 2 separate poles & 6 sep-
arate busses -— totalling 6 busses & 24 poles. .. . Any
Combination of which can be used! Size: 3x2¥ax17.
Easy for panel mtg. too.

NATIONAL EQUALS ON
“DIGITAL CLOCK on a CHIP”

*Money Back Guarantee! Any “'Chip”
*With Spec Sheet' $12.88

oescnphon ale
28-pin, ceramic, any readout. $12 88
-d : A-B-D

ceramlc. any readout, $12.88
-D

‘ceramic. any readout, $12.88

3: A-C

n, plastic, LED and

incandescent readouts, 6-digits:

G—1 PPS Output.
D—BCD

05314

Code: A—Hotd Count.

B—Output Strok;

GENERAL ELECTRIC
3-WATT AUDIO AMP

$2.95

Delivers wittts  continuous catts I)(‘.:IL\.' With
heat sinks: mic iz L9 to 30V sup
nly, Ihgh sensitivity h:r Moo and

> o 1 ohn
stereo phonos. tape. LAMLUTY, ser\n $6.

T Lmzmo 3 Buy 3
. Take
" sa0s [ O p AMPS
7-SEG Buy 3 — | cuanawtrED raCTORY TE3TS
READOUT '2%¢ 107! [ 531 Hi slew rate op-amp (T0.5) . .$2.50
532 Micro Power 741 (T0-S) 250
l'u for-pin substitute $33 Micro power 709 (T0-5) 2.50
£ mous MAN-1, 536 FET Input op amp (T0.5) al9s
lee( trieally the ] 537 Precision 741 (T0-5) 250
a 7 530 7OW pwr driver amp (70:5) 2.0
3 ~ 550 Precision 723 voltage reg. (mpn s n
- e. 555 Timer 2 u’se(ond‘ to ’72'c‘“ q
" S56 5 Times faster than 741 3
';r\ Sy lg’g ;:ﬂ‘;upi, 558 Dual 741 (mini DIP) 88
e rmentt” .97 [avs S60 Phase lock loops (DIP} 32s
it k] | 561 Phase lock loops (DIP) 3.25
haructer  with left 562 Phase lock 10003 (DIP}) 3.2s
decimal. Size: T 565 Phase lack looPs (A} 3.28
/18 566 Function Renerator (A4) 3.25

567 Tone generator (A) 3.2%

_] 595 Four quadrant multipller 310

l O 702C Hi-grain, DC amp {TO-S)} .aa
> ] 703C RF.IF, amp, 14 ckts (TO-S) 1.00

W 703C Operationat amp (A} .44
$3.95 709CV_Dp amp (minl DIP} .49
3 for 310 710C Differential amp (A} .44
7-SEGMENT -] 711C Dual diff. comp (A} -44
LE READOUTS 1 723C Voltage reRulator (a} 44
[] 741C Frequency compensator 703 (A) a9
MAN-4 EQUAL 7 741CV Freq. comp 709 (Mini DIP) a9
o, (o 747C Dual 741C_({A) 1.25
P o T Y .,“. 748C Frea, adj. 741C (A) .aa
11N, Snaps 5 748CY Frea. adl. 741C (mlm DIP) .49
o) with  decim 709709 Dual 709C (D 1.00
Y AN [) 739-739 Dual stereo pv.lmp 1.98
“ ry {] 741-741 Dual 741C (A} 1.00
Socket far above; SO ‘, 75450 Dual periPheral driver (DIP) . .69
AV TOSS ar BT duad in e pich
|
$3.33 E\: RN
$2, 95 | =C

35 WATT AUDIO

AMPLIFIER BASIC
For Cliss AR usc
540 30 transistor

L

includes: Rignetic

READOUTS T S

ittt plastic transistors, i
4 2N6109 pup. With scheniat
circuit ard parts board layouts

ohm dropping resistor

| o-ru Prices t s ' t L '
L
Type Sale Buy 3—10% Buy 100 — Take 20 'I.
N720030.30
27«7401, sN7442z 1.25 |[)5N7483 1.0 | | SN73151 1.25
5N7402 3 | EN7333 13% [snrass 1l31| IsN7ais3 160
SN7403 .30  SN7aaa 1.35 L 3N7386 S5 |SN73153 2.10
SN740a 35 | SN734s 1.35 L SN7389 375 SN74155 155
SN7405 .32  SN7a46 1.65 _ISN7390 1.50 | []$N74156 1.55
SN7406 .55 ~ SN7a47 1.65 _ SN7491 1.50 | ISN74157 1.55
SN7407 .58 SN7448 1.50 L SN7392 1.10 | |SN74158 1.55
$N7308 .35 SN7a50 .35 |ISN7493 1.10 |[]SN74160 1.95
SN7403 (35 | SN7asp (35 [1SN7434  1.10|ISN74161 1.95
SN7410 .30  SN74s83 .35 |LISN7495 1.10 |[SN73162 1.95
SN7411 .35 SN7354 SN749 -10 SN74163 1.95
SNT4131 .95 || SN74s5 .35 | SN73100 1.9 | SN73164 3.50
SN741S .55 5N7460 .35 L] SN741 .55 SN74165 3.50
SN7416 S5 | SN7364 .50 |[)SN74105 S5 | [ SN73180 1.20
SN7417 .55 | [ SN746S .50 |[] SN74106 1.25 | [ SN74181 4.50
N7420 .30 (1 5N7470 .50 |[]SN74107 .60 [ SN74182 120
$N732: .35 | 1 SN7472 .50 |[JSN74108 1.25 | SN73184 2.50
SN7422 .35 | SN7473 .65 |1 SN74112 1.25 | []SN74185 2.50
5N7426 .37 SN7a7a .65 | SN74113 1.25 | [/ SN73192 1.95
SN7430 30 [ISN747s 1.30 SN7a113 1.25 () SN74193 1.95
SN7432 .30 |[] SN7476 (1sN74121 .70 | T SN7419a (.95
SN7437 .60 | [ SN7478 13 |Osnzar2z (75 | sW7319% 133
SN7438 .60 | [ SN7480 .75 g]snn:z: 1.20 SN74198 2.65
SN74340 .30 SN7481 1.50 L1SN74140 SN74199 2.65
SN7431 1.30 | [ISN7482 .95 N7anas o 20| 333200 585
B(’\'t hrms arld postage Rated: net 30

hone Orders: Wakefield, Mass. (617) 245-3829

Values Renll 16-18 Del Carmine St., Wakefield, Mass,
{%’ (oft Water Street) C.0.D.'S MAY BE PHONED IN
P.0. BOX 942 E ]
vears POLY PAKS Lynnfield, Mass. 01940
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LIGHT EMITTING DIODES TRANSISTOR SPECIALS HC 2000-7A 60W all silicon, all
FLV 100 VIS. LED ... 2N3638 PNP Si  TO-5 3w 25V .5A 10 63 5/51.00 | PlUrpose amprs. These amprs,
m‘T; ;hootpomTr.:::;::grr olak3 2N3584 NPN Si  70.66  35W 250V 24 10MHz100Hfe S are used for servo amprs, audio

- N b T amprs er oper. amprs.
MCD-2 Opto. Isolator 2N965  PNP 15w 7V .1a .300 40 /s $24i9s & Power op i
WMCA-2-30 Photo Relay 2N1605 NPN -15W 24v 1A 14 125 5/%1.

MY5026 Vis LED . 2N5324 PNP 60W 250V 10A 20 35 $1.50
3522'2“ GLREEDESN CEe 2N10150 NPN_Si  T0-82 150W 200V 7.SA .025 10 $1.45 MULTI-TURN TRIM POTS
MV5322 GaAsP LED . ... 2N3724 NPN Si_ T0-5 .8W 30V 1.A 250 60  3/%1.00 gvmlllaoro toSO%ournKs o010 os;ylz
2N3772 NPN Si  TO-3 150w 60V 30A .2 “30  sras | 30k Woms 2% 00¢ 31%s Y
.30| 7465 . ... .35 | 2N6109 PNP Si TO0-220 36W 40V 4A .8 50 50¢
397472 ... .50 | 2N5296 NPN 5i  T0.220 36W_ 40V 4A .8 60 5S¢
.30 7473 11.00 o — . S 234 1 watt
‘30| 7473 1760 | 2N4898 PNP_ Si  T0-66 25W 40V —4A 40 46 § .60 | PA u.:-o Amaps $1.25
. g ;:gg -l-gg MJ2251 NPN Si  T0-66 10W 225V .5A 10 40 $ .70 | wm 309K sv °°
35 | 7481 11,25 | 2N30S5 NPN Si TO-3 115W 100V 1SA .2 T aa si.o0 | .2 g:‘gR“eg“'am' ----- 32:25
11125 - .
70 Printed circuit board 414" x 615" double FULL WAVE BRIDGES Dual 709 ....... 95
1.30 sided fiber glass hoard 118" thick, unetched. PRV  2A | €A 723 Regulator ... .78
1.00 .60 ea. 5/$2.5 W0 AR TVR-2002_high
1.50 200 .95 1.25 .81.00
. Data-Lit 707 direct replacement for MAN-1 400 | 1.15 | 1.%0 1gg
LED seven segdment Reouts $3.75 | 77 600 1.35 1.75 3.25
= 567 Tone Decoder . 3.28
MAN-4 LED REAOOUT ..5$3.25 Silicon Power Rectifiers 560 Phase Loc:(( Loo ggg
eom — - L L . -
MAN-3 LED READOUT ..$2.50 | PRV 1A 3A 12A _ 50A gggs"f;i‘fj 795 ‘a8
100" FOON 03 :30 85 536 :Elg'hls‘e“{ gge' ::g 339
T npu er .
3% 1 Amp. regylatod Po‘.“r 200 .07 .16 .35 1.25 537 Precision 741 2.50
supplies. These units are similar 400 .09 .20 45 1.50 70W Power Driver ‘;.‘.gg
to analog devices encapsulated 600 .11 .30 .70 1.30 Z;IZ’O';"ao'p;’r‘lnmp . =158
SE905 power supplies $34.95 800 .15 .40 .85 2.30 5556°0per Amp .... ;:
— 101 per Amp ..
8223 Field Prog ROM . ..$8.00 2000 .70 .35 110 2,75 | 741a Oper Amp o
a Silicon Control Rectifiers 20--5V Red . .25
1101 256 Bit RAM . .. . $4.00 —_— 320—1S5V Red. .25
YERIPAX PC BOARD ool MEmony v Voo __6A  10A 20A  70A | a2a—zero v°|gage swncn 12s
This board is a 1/16” single . .45 1.00 3.50 748 Oper AMp ... ...... .90
sided paper epoxy board 4va"x | _____ TRiAcCS 75 1.25  6.50
6127 (standard veripax) DRILLED | PRV | 1A | 10A | 15A | 20A%| .90 1.50 .
and ctched, which will hold 21 | 1001 .40 .70 /1.00 [1.20 | 1.10 1.75 O Ml i LI LY L,
single 14 pin IC's, or 8,16 or 200 | 11.50 [1.60 | ; 1.25 2.00 Send check or Money Order. In.
LS! DIP IC's with busses for | 300 1| 600 "e0 140 225 11.00 | Slude postase. Average Wit. per
power supply connections. It is | 400 [ 1.1 . 2 2.40 | | 715 73 N channel FET .5 .7s | P°ka%¢ V2 1o m
atso etched for a 22 pin connec. 500 | 1.50 | 2.00 | 2.70 [2.80 | 2N4891 WMJIT ... ... ... $ .50 Minimum Order $3.00
tor. $5.25 3/$14.50 *Press Fit ER900 Tr -gger Duode .4 $1.00 Rated companies 30 days net

Send $. 20 for our latest catalog featuring Transistors and Rectifiers

Y I’HEON 875‘ WIT!

RA
SOCKET AND DATA SHEET $2. 25 3/56.00

SoLip STATE SAI.ESi

Post Office Box 74A

Somerville, Mass. 02143

2 CIRCLE NO. 28 ON READER SERVICE CARD

FIREWORKS NEWS—Monthly magazine covering Fireworks, Con-
struction, Literature, Sources of Supplies, New Firms Products
Free Fireworks Catalogs with Subscriptions! $9.00 per calendar
year. Pyro Press, Box 1202N7, Lexington, Kentucky 40501.

SOUND SYNTHESIZER KITS—Surf $11.95, wind $11.95, Wind
Chimes $16.95, Efectronic Songbird $6.95, Musical Accessories,
many more. Catalog free. PAIA Electronics, Box 114359,
Okiahoma City, OK 73114

WAVEFORM Generator Kit $10.00. Stereo Multiplex Kit $19.95.
Free Kit Catalog. Photolume Corp., Box 139, N.Y., N.Y. 10016.

FREE Catalog LED’s, 1.C.’s parts. Coronet Electronics, 720 Notre
Dame W., Montreal, Canada. U.S. Inquiries.

EXPERIMENTER test leads, PC chemicals, solder, adhesives, ac-
cessories—fFree catalog. Technical Services, Box 687, Arlington,
MN 55307.

Professional blofeedback mstruments:
Etectromyometer. J&J, 8102-E, Bain-

BRAINWAVE feedback.
Electroencephalophone,
bridge, wa. 98110.
SUMMER SALE—NEW—Micro Lamps 2.4V,5V 8¢. Ceramic Capaci-
tors .01 mfd 50V 3¢. 1K Trimpot 8¢. Regulated 5V 1A Bench
Supply $19.95. $4.00 minimum, include postage. Atlantis, PO Box
1264P, Tucson, Arizona 85711

TELEVISION Signa's: Amplifiers, traps, FM taps, cable. Free bro-
chure. LaSalle Electronics, Box 2153, New Market Station,
Niagara Falls, NY 14301.

XENON FLASHTUBES FT106 50W: 2/$4, 10/$16. Coils 4/$3 White
Noise Generator Kit $3.95. Flyer, Mindiight, B2846PE, Van Nuys,
CA 91404.

PRESTODIAL Automatic Phone Dialer. Dial 36 numbers automati-
cally. Can be built into fire or burglar alarms. $59.50 new or
$29.50 rebuilt plus $1.50 postage. Parts available, C&T
Enterprises, Box 19864, Co.umbus, Ohio 43248.

118
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SAM'S Photofact—841 Sets with Cabinets. $895 Tommy
Douglas, Route #3, Franklin, TN. 37064.
DIGITAL SPEEDOMETER with numeric readout. Plans $7.50.

KIMTRON, Box 80134, Chamblee, Georgia 30341.

FREE Bargain Catalog of Electronic Components. Chaney, éox
15431, Lakewood, Colorado 80215.

SPACE AGE micro size electronic dice you can build with I.C.

and LED. Complete plans: $2.00. Nortix Regd., Box 710,
L’Assomption, P.Q., Canada. U.S. Inquiries.
AUTON high RPM Ignition information. Autonics, Box 1581,

National City, California 92050.

TTL 1C, Semiconductors, parts discount. Price List, 10¢. Totelek,
Box 222, Goodyear, Arizona 85338.
1610 Melville,

PRINTED board design, fabrication.

Fairfield, Ct. 06430.

FREE CATALOG—Tremendous electronics bargains. Pacific, Box
4188G, Mountain View, California 94040.

PCDS,

COLOR Organs, Meters, parts. Catalog. Workshop, Box 393PE,
Bethpage, New York 11714.

E-LECTRON]C TV Antenna, plugs into wall outlet. $3.95. Sabacy
Products, Box 15206P, Lakewood, CO. 80215.

FREE! INDUSTRY’S largest hobby and technical catalog index.
Diodes free. Delta Componenis, Box 34323, Dallas, Texas 75234.

RECORD Telephone conversations automatically. Device oper-
ates privately unattended, $24.95. Manual version for dictating
machines $15.95. Stier Enterprises, Box 3153, Van Nuys,
California 91407.

GIVE your Hammond new life with a String Bass, $128. ETEC
Electronics Company, P.0. 402, San Luis Obispo, CA 93401.

POPULAR ELECTRONICS Including Electronics World
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TEST SET; SCRS Triacs, Rectifiers. Separates the good from
the bad in seconds. Wired and Tested. $39.00 plus shipping
(2 Ibs.). J. Caldwell, Box 1552, Fort Waiton Beach, Florida
32548.

ELECTRONIC GOODIES. Sorensen Voltage Stabilizer Input 95-
130V/244; Output 110-120v, 2000VA New $150.00. F.0.B. Hous-
ton; Write list; Madison Electronics, 1508 McKinney, Houston,
Texas 77002. (713) 224-2668.

WANTED

QUICKSILVER, Platinum, Silver, Gold, Ores Analyzed. Free Circu-
lar. Mercury Terminat, Norwood, Mass. 02062.

MILITARY SURPLUS EQUIPMENT WANTED. ARC-34C, ARC-51BX,
ARC-73, ARC-102, ARC-109, ARC-131, ARC-134, ARN-21C, ARN-52,
ARN-65, GRC-106, VRC-12, URC-24, 6187, Also Bendix, Collins GR,
HP, Tektronix needed, plus military test sets. We Buy or Trade.
S|ep Electronics, 2412 nghway 301, Elienton, Florida 33532.

PLANS AND KITS

ANTIGRAVITY DEVICE. Brochure rushed free. AGD, Box 3062-ZD,
Bartlesville, Oklahoma 74003.

¥ REE «r cataLos

Why does every major College, University, Tech-
nical Schoo!, Research & Development Center
buy from us? Because we have the highest quality
and lowest prices. Free Catalog. SWTPC, Box
H32040, San Antonio, Tex. 78284.

KIRLIAN Electric Field Photography apparatus, plans, instruc-
tions, 50pp, $10. H.S. Dakin, 300 Broadway #39, San Francisco,
CA 94133.

LATEST vista digital, linear IC, PC Board Kits. Free Flyer.
Photolume Corp., Dept. A, Box 139, N.Y., N.Y. 10016.

FREE CATALOG—Tremendous electronics bargains. Pacific, Box
4188H, Mountain View, California 94040.

ELECTRONIC combination lock solid state. Pians $2.00, kit
$29.95. Richard Meuse, 9 Appleton Terr., Everett, Mass. 02149.

INVENTIONS WANTED

CASH-ROYALTIES for patented, unpatented inventions. Global
Marketing Service, 2420-P 77th, Oakland, California 94605.
PATENT Searches including Maximum speed, full airmail report
and closest patent copies. Quality searches expertly adminis-
tered. Complete secrecy guaranteed. Free Invention Protection
forms and ‘‘Patent Information,”” Write Dept. 9, Washington
Patent Office Search Bureau, Benjamin Franklin Substation,
P.0. Box 7167, Washington, D.C. 20044.

FREE ‘‘Directory of 500 Corporations Sesking New Products.”
For information regarding development, sale, licensing of your
patented/unpatented invention. Write: Raymond Lee Organization,
230-GR Park Avenue, New York City 10017.

INVENTORS: Protect you; ideas! Free ‘“Recommended Proce-
dure”. Washington Inventors Service, 4227 Washington Building,
Washington, D.C. 20005.

INVENTORS! Either | will sell your {nvention before you do,
(either through your own efforts or those of another firm) or
| will pay you a cash bonus. For Free invention Evaluation and
information, write Gilbert Adams, Invention Broker, Dept. 20,
81 Wall St., New York, N.Y. 10005.

NEW PRODUCTS—INVENTIONS—IDEAS Developed 'Marketed by
professional organization, FREE INFORMATION ‘‘How to Market
inventions To Industry’. Lawrence Peska Associates, 500-PE
Fifth Avenue, New York City 10036.

JuLY 1973

LINEAR INTEGRATED CIRCUITS

OQur latest lot of boards has Linear ICs, as well
as Digital ICs, transistors, diodes, precision res-
istors, tantalum caps, and other components.
Linears include MC1741, 75150P, 7274P, MC
1710, MOS 310214, LM301, MMS580 etc.

STOCK NO.F9661 $2.75 ea.
2 Diff. boards, $5.00, 3 Diff. boards $7.00

G.E. PUSHBUTTON SWITCH
?.I

3 section push button switch, 2
SPST and 1 OFF switch. rated
at 120/240 VAC, 17 amps.
Mounting centers 1 5/8"',

STOCK NO.F9622 .75 ea. 3/2.00

OUR NEW 56 PAGE CATALOG JUST OUT,
LOADED WITH NEW AND DIFFERENT
ITEMS, NEVER BEFORE AVAILABLE.

Include postage. E xcess refunded.MIMIMUM
ORDER, $3.00. Write for new 56 page catalog.

D\ DELTA ELECTRONICS CO0.

BOX 1, LYNN, MASSACHUSETTS 01903
617-388-4705

CIRCLE NO. 6 ON READER SERVICE CARD

FREE PAMPHLET: ““Tips on Safeguarding Your Invention.” Write:
United States Inventors Service Company, 708-T Carry Building,
Washington, D.C. 20005.

INVENTORS—Don’t be tricked into thinking your invention is
protected. Use the U.S. Patent Office disclosure Service. Simpte
form and file by mail details $1.50. K.R. Johnson, 12000 Oid
Georgetown, Rockville, Md. 20852.

PLASTICS

CASTOLITE pours like water, hardens like glass without heat.
Crystal clear, colors. Embed natural flowers, seashells, momen-
tos, anything. Make fine gifts. Form flexible molds over any
pattern, size. Reproduce your own designs in plastics, candle

wax, metal, plaster, cement. Profitable. Illustrated Manual and
Catalog Only $1.00. CASTOLITE, Dept. 73H/PE, Woodstock, Iil.
60098.

HYPNOTISM

‘MALE-FEMALE Hypnotism'” Exposed, Explained! ““Secret Method”
—They Never Know! $2, Rushed. Guaranteed! Isabella Hall, Sil-
ver Springs, Florida 32688.

SLEEP learning. Hy;otic method. 92% effective. Details free.
ASR Foundation, Box 7566EG, Fort Lauderdale, Florida 33304.
FREE Hypnotism. Self-Hypnosis. Sleep Learning Catalog! Drawer
HA00, Ruidoso, New Mexico 88345.

HYPNOTIZE STRANGERS in 30 seconds! Men or Women! Amazing
hypnotic disk PULLS subjects into deep hypnosis!! Guaranteed!
Send $2 today!! Hypnodisk, 508 Mourning Dove, Dept. CM-7,
Audubon, Pennsyivania 19407.
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INSTRUCTION

BUSINESS OPPORTUNITIES

LEARN ELECTRONIC ORGAN SERVICING at home all makes includ-
ing transistor. Experimental kit—trouble-shooting. Accredited
NHSC, Free Booklet. NILES BRYANT SCHOOL, 3631 Stockton,
Dept. A, Sacramento, Calif. 95820.

LEARN WHILE ASLEEP, Hypnotize! Strange catalog free. Auto-
suggestion, Box 24-ID, Olympia, Washington 98501.

ASSOCIATE DEGREE IN ELECTRONICS through correspondence
instruction. G.1. Bill approved. Free catalog. Grantham, 1509 N.
Western, Hollywood, California 90027.

FCC First and Second Tests. $8.95. Electronic Tutoring, Box

24190, Cleveland, Ohio 44124.

ON THE AIR announcer training at R.E.l. features individua!
realistic preparation for your Radio/TV career. R.E.l.'s engineer-
ing course features intensive training for the FCC First Phone!
Complete either course in just five (5) weeks! Call 1-800-237-2251
toll free for brochure. Write: R.E.I., 1336 Main Street, Sarasota,
Florida 33577.

SHORTCUTS To Success! Highly Effective, Profitable Short Courses.
(75 Choices). Study At Home. Diploma Awarded. Qur 27th Year.
Free Literature. CIEE-D, Box 10634, Jackson, Miss. 39209.

TAPE RECORDING COURSE: Taught by studio engineers. Free in-
formation. NNA, Box 721R, Rye, New York 10580.

PASS FCC EXAMS! Memorize, study
—1973 Tests-Answers'’ for Fcc
First and Second class
telephone ticenses. Newly revised
multiple-choice questions and dia-
grams cover all arcas tested in FCC
exams. —plus— ¢'Self-Study Ability
Test.’" 59 9S postpaid.

COMMAND PRODUCTIONS

P.O. BOX 26348-P
RADID_ENGINEERING DIVISION S AN FRANCISCO,. CALIF. 94126

FCC FIRST CLASS LICENSE through tape recorded lessons with
one week personal instruction. Radio License Training, 1060D
Duncan, Manhattan Beach, Calif. 90266.

EARN COLLEGE DEGREES at home. Many subjects. Florida State
Christian University, P.0. Box 1674, Fort Lauderdale, Fiorida
33302.
DIGITAL:THEORY,DESIGN ,
ONSTRUCTION

LOGIC
NEWSLETTER ©

SAMPLE COPY $ 1.00
LOGIC NEWSLETTER
POB 252
WALDWICK,N.J. 07463

MOVIE FILMS

8MM-SUPER 8-16MM MOVIES! Biggest Selection! Lowest Prices!
Free Catalog! Cinema Eight, Box PE, Chester, Connecticut 06412.

HIGH FIDELITY

DIAMOND NEEDLES and Stereo Cartridges at Discount prices for
Shure, Pickering, Stanton, Empire, Grado and ADC. Send for free
catalog. All merchandise brand new and factory sealed. LYLE
CARTRIDGES, Dept. P, Box 69, Kensington Station, Brooklyn,
New York 11218.

BEST Hi-Fi Stereo Books!—‘‘4-Channel Stereo,” only $3.95. Free
Catalog. TAB BOOKS, B.R.S., Pa. 17214,

120

| MADE 3$40,000.00 Year by Mailorder! Helped others make
money! Start with $15.00—Free Proof. Torrey, Box 318-N,
Ypsilanti, Michigan 48197.

$200.00 DAILY In Your Mailbox! Your opportunity to do what
mail-order experts do. Free details. Associates, Box 136-J, Hol-
tand, Michigan 49423,

FREE CATALOGS. Repair air conditioning, refrigeration. Tools, sup-
plies, full instructions. Doolin, 2016 Canton, Dallas, Texas 75201.

MAILORDER MILLIONAIRE helps beginners make $500 weekly.
Free report reveals secret plan! Executive (1K7), 333 Noth
Michigan, Chicago 60601.

HIGHLY

PROFITABLE ONE'MAN
ELECTRONIC FACTORY

Investment unnecessary, knowledge not required,
sales handled by professionals. Postcard brings facts
about this unusual opportunity. Write today! Barta-
DEPG, Box 248, Walnut Creek, CA 94597.

PIANO TUNING LEARNED QUICKLY AT HOME! Tremendous field!
Musical knowledge unnecessary. Gl approved. Information free.
Empire School, Box 327, Miami 33145.

ERDW lil()H DRIVING YDHE CAR. Magnetic signs, Big Money,
very, very easy. Copy Sign, 6644 Santa Monica Blvd., L.A., Calif.
90038

FREE SECRET BOOK ''2042 Unique, Proven Enterprises.” éeat
inflation with fabulous, successful ‘‘Little Knowns.” Work home!
Haylings-E11, Carisbad, Calif. 92008.

START SMALL, highly proftable electromc production in your
basement. [nvestment, knowledge unnecessary. Postcard brings
facts. Barta-PEM, Box 248, Walnut Creek, California 94597.

POLICE SCANNERS! Fast sales, big profits. Best Crystal Service,
P.0. Box 612, East Moline, illinois 61244,

FREE INFORMATION ABOUT EXTRA INCOME. Make extra money
by learning to prepare tax returns in your spare time from
America’s largest tax service. Dignified and rewarding work.
Save money on your own tax return, tao. No salesman will call.
For information write: H&R Block Tax Training Institute, Dept.
BT-1903, 4410 Main, Kansas City MO 64111.

FLOOD of money making offers by direct ma|| from Amencas
major opportunity companies. $2.25 to Heil, Box 1372, Lan-
caster, Pa. 17604.

$2.00 MONTHLY selling information by mail.
5341X, Sherman Oaks, Calif. 31413.

Roj)chan, Box

GOVERNMENT SURPLUS

GOVERNMENT Surplus. How and Where to Buy in Your Area. Send
$2.00. Surplus Information, Headquarters Bldg., Box 30177-PE,
Washington, D.C. 20014.

ELECTRONIC Equipment and Parts. Big 36 page Free Catalog.
Send for your copy today! Fair Radio Sales, Box 1105-P, Lima,
Ohio 45802.

JEEPS Typically from $53.90 . . .

Trucks from $78.40 . . .

Boats, Typewriters, Knives, Airplanes, Clothing, Multimeters,
Oscilfoscopes, Transceivers, Photographic, Electronics Equip-
ment. Wide-variety, condition. 100,000 Bid Bargains direct

from government nationwide. Complete sales directory and
surplus categories catalog $1.00 (Deductible on orders from
separate inciuded catalog). Surplus Service, Box 820-J, Holland,
Michigan 49423.

GOVERNMENT SURPLUS. Complete sales directory $1.00. Surplus
Publications, Box 26062Z, Los Angeles, Calif. 90026.

POPULAR ELECTRONICS Including Electronics World
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TAPE AND RECORDERS

RENT 4-Track open reel tapes—all major jabels—3.000 different
—_tree brochure. Stereo-Parti, 55 St. James Drive, Santa Rosa,
Ca. 95401,
1930.1962 Radio Programs on tape. Huge Catalog! Sample
Recordings! $1.00 refundable!! AM Treasures, Box 192F, Babylon,
N.Y. 11702.

SCOTCH MAGNETIC TAPE (USED)

ERGLASS REELS. 34" HOLE. SO¢
. PLUS SHIPPING BY WEIGHT
D ZONE

SAXITONE TAPE SALES
1776 Columbia Rd., N.W. Washington,

D.C. 20009

RECORVD VBTRK cartridges with any player. Instructions, $2.00.

C. Faust, Rancocas, New lJersey 08073.

THOUSANDS of quality old Big Band, Radio Shows on Reels.
Catalog 50¢. Blalock’'s Sound Library, 609 Blug, Richland, Wash.
99352.

TREASURE FINDERS

FREE——Valuable Treasure Finder catalog sent by return mail.
Find Coins, Rings, Gold, Silver, Metals, Relics. Write today.
JETCO, Dept. CPE, Box 26669, EI Paso, Texas 79926,
FISHER DETECTORS You deserve the best. Free literature
FR-L, Dept. PE-7, P.0O. Box 490, Be!imont, CA 94002.

TREASURE FINDER locates burled gold, silver, coins, treasures.
6 powerful models. $19.95 up. Instant firancing available. Write
or call for free catalog. Phone (713) 682-2728 day or night.
Dealer inquiries invited. Relco, Dept. A-33, Box 10839, Houston,
Texas 77018.

FREE FACT-FILLED CATALOG. World’s largest line of metal
detectors. Models as low as $49.50 and up. Two year Guarantee.
Three factory locations, U.S. and Canada, plus over 1,000
dealers and 35 Service Centers from coast to coast. No finer
instruments made at any price. Budget terms. Write:
white's Electronics, Inc., Rm# 391, 1011 Pleasant Valley Road,
Sweet Home, Oregon 97386.

EMPLOYMENT INFORMATION

EXCITING Overseas jobs. Directory $1.00. Research Associates,
Box 889-E, Be!mont, California 94002.

JOBS GALORE for Electronics Men in San Jose, California. Big
classified $2. R. Sims, 525 University, Palo Alto, California
W1307, 94301.

TECHNICIANS desperately needed, employers directory, $2.

Caleis, Box 514, Agnew, CA 95054.

EMPLOYMENT OPPORTUNITIES

ELECTRONICS/AVIONICS EMPLOYMENT OPPORTUNITIES. Report
on jobs now open. Details FREE. Aviation Employment Informa-
tion Service, Box 240E, Northport, New York 11768.

PERSONALS

MAKE FRIENDS WORLDWIDE through international correspon-
dence, lllustrated brochure free. Hermes, Berlin 11, Germany.
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GREGORY ELECTRONICS
Reconditioned & Used

FM 2-WAY RADIO SAVINGS
Partial List—Send for New Catalog

The General Electric

Message
Mate

personal pocket
voice receiver
with sel-call

« fully transistorized. 100%
solid state for ultimate in
retiability and performance.

- Selective signaling options
for individual messages in-
side & outside of buildings.

150-162 MHz, 162-174 MHz
Specify freq. with order

*08.

less reeds

Charger inc. with nickel-cadmium
model. Ask about low band.

Lots of 5, less 10% . .
Lots of 10, less 15% .

ea. $88.20
ea. $83.30

GREGORY ELECTRONICS CORP.

249-F Rv. 46, Saddle Brook, N.J. 07662
Phone; (201} 48%-9000

PRICES
SLASHED

|C

FACTORY FIRSTS

NATIONALLY
KNOWN

BRANDS
SATISFACTION GUARANTEED
DIGITAL TTL

G
ITEM 1-99 100-999% ITEM
7400N . ... 32¢...... 2Bc 7454N .
7401N. . . 32¢ 28¢ 7472N . . ..
7403N 32c¢ 28c¢ 7473N
7403N 32c¢ 28c¢ 7474N
7404N 35¢ 31c¢ 7475N .
7410N 32c¢ 28c 7476N .
7420N 32¢ 28c¢c 7486N

GENERAL FURFOSE SILICON TRANSISTORS
2N3638 20c¢ 10 65 $134 10./%$1.25
2N3638A 22c¢ 10 c1.80 2N5137 ch 10 %1.50
36. 23¢ 10/%2.00 2N5138 iS¢ 10 s1.25
2N3643 23c¢ 10 %2.00 2N5139 15¢ 10 $1.
2N5133 15¢ 10/$1.25 2N3055 $1.00 10,%$9.50

The above full spec. first line TTL and Linear devices are also
available with ‘‘Relaxed Specs.'' fully functional at discounts up
to 509,. Use Reader’s Service Card for Flyer.

1 AMP SILlCON RECT'FIERS

1N4003 200PIV . 100 S6 1M $45
1N4005 60OPIV .. . .. Cis & 100 37 1M 855
1N4007 1000PIV L7 81 100 59 1M &75
SILICON SIGNAL LIODES
1N4148 (1N914 equ.v) . 20 100 $4 1M S30
OLEX IC SOCKET PINS
100 $1.00 200 /S1 80« 300 $3.60 $00 $4.20 700 $5.80
1000 $8.20 ea addn 1000 '$7.50
INTEGRATED CIRCUIT SOCKETS
14 PIN DIP SOLDER 16 PIN DIP SOLDER .. . 50c
14 PIN WIRE WRAP (888 16 PIN WIRE WRAP | .e0¢

DISFLAY DEVICES

5 Vaolt 7 Segmen

Display Kit (Tub0+7447 74754—7490) <S 75 3.%16.50

7 Segment Led (Man-1 pe) S

Display Kit (Led¢7447+7475 1490+Resnstors) $6.00 3 '%$17.50

€.0.D. ORDERS ACCEPTED FOR SAME DAY SHIPMENT
CALL 218-681-667.
Free Czualog—Large Qua;uu Dnscounl«—()rdcrs Less Than

—Others Postpaid
DIGI-KEY

BOX 126K THIEF RIVER FALLS, MN56701

mucz PACESETTER FOR QUALITY IC'S
CIRCLE NO. 8 ON READER SERVICE CARD
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SEMICONDUCTOR

SUPERMART

" FREE CATALOG .
NAME BRAND—
PRIME QUALITY
SEMICONDUCTORS

8 .

® MOTOROLA e RCA o
® FAIRCHILD e HEP e
o NATIONAL e SIGNETICS

Other Parts For

Popular Electronics Projects

CIRCUIT SPECIALISTS CO.

Box 3047 Scottsdale AZ 85257

CIRCLE NO. 4 ON READER SERVICE CARD

SPORTS ACTION FILMS

START NOW—BE A COLLECTOR! Super 8 and Standard 8mm ail
pro sports action films like 72 NHL Stanley Cup, '72 NBA
Championship, Ali fight, '71 World Series (Roberto Clemente).
Each $14.95 in color; $7.95 B&W delivered. Catalog. Elect Dept.,
SPORTLITE, 20 North Wacker Drive, Chicago, lllinois 60606.

ELECTRICAL SUPPLIES
AND EQUIPMENT

PLATING Equipment, Portable Platers, Supplies and ‘“‘Know-
How.”” Build your own tanks for nickel, chrome, etc. Easy-to-
install PYC liners. Rectifier components—all sizes. Schematics,
parts lists, formulas, operating instructions for all plating.
Guaranteed to save you 25%-75%. Some good units for sale.
Write for details. Platers Service Company, 1511-PE Esperanza
Los Angeles. Calif. 90023.

REAL ESTATE

FREE . . . BIG 256-page . . . SUMMER CATALOG! Describes and
pictures hundreds of farms, ranches, town and country homes,
businesses coast to coast! Specify type property and location
preferred. UNITED FARM AGENCY, 612-EP West 47th St, Kansas
City, Mo. 64112.

BOOKS

FREE catalog aviation/electronic/space books. Aero Publishers,
329PE Aviation Road, Fallbrook, California 92028.

FREE book prophet Elijah coming before Christ. Wonderful bible
evidence. Megiddo Mission, Dept. 64, 481 Thurston Rd., Roches-
ter, N.Y. 14619,

TUBES

RADIO & T.V. Tubes—36¢ eacri._'sénd for free Catalog. Cornell,
4213 University, San Diego, Calif. 92105.

RECEIVING & INDUSTRIAL TUHES, TRANSISTORS. All Brands—
Biggest Discounts. Technicians, Hobbyists, Experimenters—Re-
quest FREE Giant Catalog and SAVE! ZALYTRON, 469 Jericho Turn-
pike, Mineala, N.Y. 11501.

SAVE money o:parts and transmitting-receiving tubes, foreign-
domestic. Send 25¢ for giant catalog. Refunded first order.
United Radio Company, 56-P Perry Street, Newark, N.J, 07105,

TUBES “‘Oldies™, latest. Lists free. Steinmetz, 7519 Maplewood,
Hammond, Indiana 46324.

TUBES receiving, factory boxad, Iov:/ prices, free price list.
Transleteronic, Inc., 1306 40th Street, Brooklyn, N.Y. 11218A,
Telephone: 212-633-2800.

REPAIRS AND SERVICES

TV Tuners rebuilt and aligned per manufacturers specification.
Only $9.50. Any make UHF or VHF. Ninety day written guarantee.
Ship complete with tubes or write for free mailing kit and dealer
brochure. J'¥ Electronics, Box 5iC, Bloomington, Indiana 47401.

mMusic

SONGS —
Wanted for publishing and

recording consideration.
Accepted songs will be published & recorded

at our expense - for information write to
Tolent, 17-PE longwood Rd., Quinty, Ma. 02169

SONGS & POEMS NEEDED FOR
IMMEDIATE PUBLISHING AND
WE
PAY ALL COSTS ON ACCEPTED
SONGS! FOR FREE IMFORMATION:

GRAND RECORDING CO., Dept. PE

1354 Hancock St., Quincy, Mass. 02169

RECORDING CONSIDERATION!

DO-IT-YOURSELF

MAGNETS

MAGNETS. All types. Specials—20 disc magnets, or 2 stick mag-
nets, or 10 small bar magnets, or 8 assorted magnets, $1.00.
Maryland Magnet Company, Box 192H, Randallstown, Maryland
21133.

122

PROFESSIONAL ELECTRONIC PROJECTS--$1.00 up. Catalog 35¢.
PARKS, Box 15201A, Seattle, Wash. 98115.

RUBBER STAMPS

RUBBER address stamps. Free catalog. 45 type styles. Jackson's,
Box 443G, Franklin Park, I11. 60131.

POPULAR ELECTRONICS Including Electronics World
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ADVERTISERS INDEX

READER
SERVICE NO. ADVERTISER PAGE NO.
| Babylon Electronies ..........cueeiueaniiannneaioores L6
Bell & Howell Schools ..................... 18. 19. 20. 21
2 BOSE ... e e s 25
CREI. Capitol Radio Engineering
Institute . ..ol 106. 107. 108. 109
4 Circuit Specialties ............ . ... ... 122
5 Cleveland Institute of Electronics, Inc. ..... 72.73.74. 75
6 Delta Electronics €o. ...... ... 19
7 Delta Products, Inc. ...........oiioel i 9
8 (DG KeY i donsfoh Pl D e b oy o 2 Bkt v oo 121
9 DYNACO TNC. ufie - s B0 JAR B dharerass ®amn o & ore o B3 ok 4 @0 8 17
10 ENCO .o v swoimum cwms o0 - mbmoi s 2 @ Sowmmia ke o & Wraousr's 5es™ o o (BE}
ft E & L Instruments, Incorporated .... . 87
12 Edmund Scientific Co. ... ............. ..124
13 Electro-Voice, Inc. ........ooveiiiiuininnn 10
14 Gregory Electronies Corp. ....... .. ...l 121
15 Heath Company ........ ..o 13
ICS International Correspondence Schools ...36. 37. 38. 38
16 Judson Research and Mfg. Co. ... ................ L8

7 Lafayette Radio Electronics ..............

CLASSIFIED ADVERTISING -cvvvnaeeianiimnniiean vns

READER
SERVICE NO. ADVERTISER PAGE NO.
I8 Linear Digital Systems Corp. ............... g« amn b 12
19, Mclintosh Laboratory. Ine. ... ......oooiiiiinnennns 90
20 MITS Micro Instrumentation &
Telemetry Systems. INC. ........cocieniiiniiiiiuanans 97
22 Mallory Distributor Products Company ................ 7
23 Midwest Hifi Wholesale & Mail Order Div. ....... AonoR 114
Motorola HEP Semiconductors ..............cooeaoennn It
NR} Training ............. .....SECOND COVER.1.2.3
National Technical Sehools .................. 54. 55, 56. 57
24 PTS Electronics. INC. ...oviorininninnaniinnes 113
25 Pace Communications ........ s . vl AR v b8 & o 101
26 Poly Paks ............. s Sapaoh 4+ e bigE o B 117
27 Sansui Elgetronics INC. . oo.onnioinn varsneraan 22
3 Shure Brothers Inc. ............ smiaied 18 FOURTH COVER
28 Solid State Sales ............... e A s e @m e 18
33 Summit International Corporation ..................... 100
29 Tri-Star Corporation ...........eiiaiiiiiiiiiiiiiens 12
30 United Audio Products, Inc. ........ocuvuvmiiunannn, 15
31 Utah Electronics Division ..e.eoveniioionanneiiiens 95
32 Xcelite, INC. oounr ot 8

CUI6 1170 018, 119, 120, 121, 122, 123

PRINTING

1,000 Address Labets, $1.00 postpaid. Sebacy Producrts, Box
15206P, Lakewood, CO 80215.

THERMOGRAPHED Business Cards. $8.50 per 1,000 or send 25¢
for catalog. Amherst Graphics, 342 QOax Manor NW, Massillon,
Ohio 44646.

FREE literature Business cards, Tetterhe;ds,irubber stan;s.
GEER'S, 111 North Orive, Ottawa, Ohio 45875.

MUSICAL INSTRUMENTS

30% DISCOUNT name brand musical instruments. Free Catalog.

Freeport Music, 455N, Route 110, Metviile, N.Y. 11746.

JuLy 1973

WHOLESALE! Professional Guitars, PA Systems, Altec Speakers,
240W RMS Amplifiers. Free Catalog, Carvin, Escondido, Calif.
92028.

MISCELLANEOUS

WINEMAKERS: Free illustrated catalog yeasts, equipment. Sem
plex, Box 12276P, Minneapolis, Minn. 55412.

HOME WATER DISTILLERS. Remove all impurities for pennies a
gallon. Portable, no plumbing. Free details. United Vito-Way, Box
2216-V, Everett, Washington 98203.

EMERGENCY HORN-—Hand-sized, self-powered. Perfect for emer-
gencies. Can be heard up to one mile. Will also repel attackers
or animais, without permanert harm. $3.50 postpaid. J. Ross,
Box 223, Jamaica, N. Y. 11431. Dept. PE.

123
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LIVE IN THE WORLD OF

A BETTER LIFE
STARTS HERE

-
o | ——
_ASTRONOMICAL TELESCOPE KITS

'ﬂ@a u U @ ﬁ & TR - o terescanen.
B N _) v ~‘.§

'Kit contains fine an.

Stock No. 70,003AV.41/4” diam. 34" thick.$11.25 Ppd.
Stock No. 70,004AV. . .6~ diam. 1” thick...$17.50 Ppd.
Stock No. 70,005AV. .8” diam. 13/” thick. .$25.25 Ppd.
Stopk No. 70,006AV. 107 diam. 134" thick
s $44.95 FOB
12:/2" a.am 21/3-' tmck

.$72.95 FOB

TOMORROW...TODAY!

{And our FREE CATALOG is packed with exciting and
unusual ecological & physical science items—plus
4,000 finds for fun, study or profit . . . for every mem-

ber of the family.)
n w B pal
Optix® Experi-

130 EXPERIMENTS IN OPTICS . . .

and photography!

ments Kit is a complete optical &
photography lab for 130 exciting
experiments. Lets you recreate the
periscope, telescope, microscope, ka-

leidoscope! Build a 35mm refiex
camera with interchangeable lens
system! Make. develop photographic

fifm! Enjoy the fun and fascination
of having your own optics lab. Fully
illustr 12-pg  manual, 8%xI(1",
clearly explains usage of this stim-
ulating kit's {(4 precision engineered

components.
.$21.00 Ppd.

Stock No. 71,646AV ..

——— 1
e W ANNEL COLOR ORGAN KIT

Easy to build tow-cost kit needs

“FISH” WITH A GIANT MAGNET

blank. tool, abrasives,
diagonal mirror, and
eyepiece lenses. instru-
ments you build range
in value from $75.00 to
hundreds of doliars.

Go Treasure Hunting On The Bottom!

Fascinating fun, and sometimes very prof-

itable! Tie a tine to our 5 pound Magnet—

drop it overboard in bay, river, lake or

ocean. Troll it along the bottom. Your

‘“‘treasyred’’ haul can be outboard motors,
anchors, other metal valuables. Five-pound
Magnet is war surplus—Alnico V Type that
cost the Government $50. It lifts over 150
pounds on land—much greater weights under
water!

ap g
SE LT
e < o

14.00 pPpd.
$8.75 Ppd.

140 ELECTRICAL EXPERIMENTS!

Explore the fun world of electric-
ity. magnetism, tefecommunica-
tions. Exciting new Electrix®
Experiment Kit enables you to
uild a Maorse code sender, re-
ceiving buzzer & printer: produce
electricity with a real generator;
assemhle a working phone sys-
tem: build an electric motor: 135
other projects. 1llus. | 12-pg. 8%
x 11" manual explains easy use

of kit’s (35 precision parts.

Safety approved. Everything you

need exeept 4 °C cells,
........................ ..$17.95 Ppd.

no technical knowledge. Com-
pleted unit has 3 bands of audio
frequencies to modulate 3 inde-
pendent strings of colored lamps
(i.e. “lows’’—reds, “‘middles”—
greens, ‘‘highs’’—blues. Just
connect hi-fi, radio, power tamp
etc. & piug ea. lamp string into
own channel (max. 300w ea.).
Kit features 3 neon indicators,
color intensity controls, con-
trotled individ SCR circuits; isolation
transformer; custom plastic housing; instr.

Stock No. 41,831aV .. ..$15.75 Ppd.

SEE
THE STARS,
MOON, PLANETS
CLOSE up!

3” ASTRONOMICAL
REFLECTING TELESCOPE

60 To 180 Power, Famous Mt. Palomar Type

See the rings of Saturn, the fascinating planet
Mars, Seas and Craters of the Moan, Star Cius-
ters in detail. New improved, alumlmzed and
overcoated 3” diameter /10 primary mirror,
ventilated cell! Equatorial mount with tocks on
both axes. Equipped with 60x finder telescope,
hardwood tricod. Included FREE: VALUABLE
“HOW YOUR TELESCOPE" book;''STAR
CHART”

Sto No. 85,050AV . .5$34.95 Ppd.
41/4 Reilectchelescope(dSi to 270x)
Stock No. B0.162AV. 50 Ppd 5tock No, BS 105AV. S 1L.00 FOB
6” Reflector Telescope Stock No. 85,1874V ., . . .... .. 15.00 FOB
6” Reflector W (Electric) Clock Drive No. 85 OBEAV. .5249 50 FOB

Deluxe 3~ Reflector Telescope
$62

MAIL COUPON FOR

GIANT FREE

COMPLETE & MAIL WITH EHECK OR M.O. |
EDMUND SCIENTIFIC CO.

300 Edscorp Building, Barrington, N.). 08007

CATALOG!

164 PAGES + MORE THAN

4000 UNUSUAL BARGAINS!

|Complelely new Catatog. Packed with huge se!ec!ionl
of telescopes. microscopes, binoculars, magnets, mag-

nifiers, prisms, photo components, ecology and Unlquel

lughtmg items, parts, kits, accessories — many hard-
to-get surpius bargains. 100’s of charts. illustrations.
lFor hobbyists, experimenters, schools, industry

| EDMUND SCIENTIFIC CO.
l 300 Edscorp Building, Barrington, N. ). 08007
1 Please rush Free Giant Catalog "AV"'

How Many Stock No. Description Price Each Total
«avyss MERCHANDISE Total

piease seno [] GIANT FREE CATALOG AV oo ner 57,000
TOTAL § |

30 DAY
MONEY-BACK

GUARANTEE

I enclose [J cneck *t0¢ ON DRDERS OVER $5.00

[ money order for $__

NAME

ADDRESS

CIRCLE NO. 12 ON READER SERVICE CARD

lName
'Address
&ty State Zip_ L -
Printed
124
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READER SEI

Here's an easy and convenient way for you to get additional informa-
on about products advertised or mentioned editorially (if it has a
reader service number) in this issue. Just follow the directions below...
and the material will be sent to you promptly and free of charge.

Pn the attached Circle the number (s) Simply cut out
bostage- free card, that corresponds to the key the card and mail.
brint or type your number (s) at the bottom or No postage

ame and address next to the advertisement or required.

bn the lines editorial mention that is of
ndicated. interest to you. ( Key numbers
for advertised products also
appear in the Advertisers’ Index.)

FREE INFORMATIO

The Most Spectacular Sound Exhibition of STEREO FIDELITY
Ever Available on one Disc.

Nietr Hmln‘w S’I‘F l{ L

This record 1s the result of two years of intensive research in the
sound libraries of Deutsche Grammophon Gese!lschaft, Connoisseur
Society, Westminster Recording Company and Cambridge Records
Incorporated. The Editors of Stereo Review have selected and edited
those excerpts that best demonstrate each of the many aspects of
the stereo reproduction of music The record offers you a greater
variety of sound than has ever before been included on a singte disc.
It is a senes of independent demonstrations. each designed to show
oft one or more aspscts of musicai sound and its reproduction

W munm LEON
STERED CASSETTE

HESE EXCITING SOUNDS ARE NOW\ Entirely music. the Record has been edited to provide self-sufficient
F DN STERED CASSETTE capsule presentations of an enormous variety of music arranged In
AVAILABLE on below. a contrasting and pleasing order. It includes all the basic musical
Pace your order by using £OUP and acoustical sounds that you hear when you listen to records.

oNLY $6.98 pOSTPAID isolated and pointed up to give you a basis for future critical listening.

13 SUPERB SELECTIONS

WIDE RANGE OF DEMONSTRATIONS STRAUSS: Festive Prelude Op 61 (excerpt) DGG MANITAS DE PLATA- Gypsy Rhumba (compiete) Conn Sac
e Techniques of SeParalicn & Mullipie Sound Sources e Acoust DEBUSSY. Feux d art ot C. r Socref o ! ’ 8
Depth  Ambiance of Cancert Hall e Sharp Contrasls of Dynamics eu e texce onnoisseu v MARCELLO: (arr King) Psalm XVIl 'The Heavens
o Crescendo & Diminuendc e Very High & Yery Low Pitched Musical SEETMOVEN: weiingion's Viciory (Batrie Symphony are Telling” (complete) Connosssewr Society
Sounds e Palyphony (2 or more melodies at once) With Both Simijar  (@XCEIRL from the Grst movement) Westminsier Recards PRAETORIUS: Terpsichore La Bourrée XXXI!
& Contrasting instruments e Tonal Qualihes of Wind Suing 8 Per-  MASSAINO: Cansona XXXV a 16 (complete) DGG Archive  (complete) OGG Archive
wssion Insuments ® Scunds of Ancrent Instruments @ Sounds of CORRETTE: Concerto Comique Op 8, No 6 “Le Plaisir des BERG. Worzeck (excerpt trom Act (11} OGG
Driemtal Instruments o Sound of Singing Voice Both Clissically Dames’ (third mowement} Connoisseur Society BARTOK: Sonala for two pianos and Percussion {excerpt
Traned and Unirained e Plus a Large Sampung of Finger Snap.  KHAN. Raga Chanranandan (excerpt) Connoisseur Society  from the first movement) Cambnidoe Records
oing, Hana Clapping, Foot Stamping & Other Musical & Percus:  RODRIGO: Concert—Serenade far Harp and O:chestra BEETHOVEN' Wellingion's Victory (Battle Victory) (excerpt
sive Sounds {excerpl from the first movement} DGG from the last movement] Westminster

ORDER YOUR STEREO DEMONSTRATION RECORD OR CASSETTE TODAY HERE’S How To ORDER

Reco'd$598P°5tpa'd b Cassette$698Postpa|d CASH: Mail your order along with your name, address
and remittance in the amount of $5.98, postpaid.

CHARGE: Your American Express or Bank vez» [
Americard account! Mail your order, name, a BANKAMERICARD

Descriptive Booklet Enclosed includes discussion of the
selections on the record, plus & complete description of
each selection and the purpose behind its demonstration.

address and credit card number. You will
be billed at $5.98, postpaid.

MAIL ALL ORDERS TO: RECORDS, ZIFF-DAVIS SERVICE
DIVISION, 595 BROADWAY, NEW YORK, N.Y. 10012
OUTSIDE U.S.A. RECORDS ARE $8.00, POSTPAID.

AVAILABLE IN YOUR CHOICE OF 33% RPM OR 45 RPM
The Sterso Demonstration Recard is Processed and prassed an a newly developeo,
Improved vinyi. 11 13 pefmanently sntl-static. repels dust and dirt and promotes
1onger stylus wear. The use of this materlal Is canducive 10 10w surface noise and
contributes (0 the Production of tull dynamics and frequency range. The record
continuslly 100Kks New. sounds naw and wescs Jonger
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anything II could do III can do better!

Several years ago, we decided that our next challenge would
be to go beyond the best there was. Our computers told us
we had taken the existing cartridge structure and stylus as-
sembly of the V-15 Type Il improved as far as we could,
and that hereafter, any improvement in one performance
parameter would be at the expense of performance in some
other parameter.

Therefore, over the past several years, a wholly new lami/-

nated cartridge structure has been developed, as was an
entirely new stylus assembly with a 25% reduction in effec-

tive stylus mass! These developments have resulted in opti-
mum trackability at light tracking forces (3%-1%s grams), a
truly flat, unaccented frequency response, and more ex-
tended dynamic range than was possible even with the
Type Il Improved, without sacrificing output level!

If you like its sound today, you will like it even more as
time goes on. In fact, to go back to any other cartridge after
living with the Tvpe 1l for a short while is simply unthink-
able, so notable is its neutral, uncolored sound. You must
hear it. $72.50.

INTROIBUCING THE NEW

52 V-15 TYPE Il
Super-Track “Plus” Phono Cartridge

Shure Brothers Inc. » 222 Hartrey Ave. « Evanston, IIl. 60204
in Canada: A. C. Simmonds & Sons Ltd.

CIRCLE NO. 3 ON READER SERVICE CARD
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