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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-shooting

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

New square-cornered
Sylvania picture tube

100% solid
state chassis

So much better for learning TV
servicing than any hobby kit,
because NRI designed and

created it as an educational tool.

Unlike hobby kits which are designed for creating
a TV set as the end product, NRI built its exclusive
25" Solid State Color TV kit as a real training kit.
You can introduce and correct defects . . . for
trouble-shooting and hands-on experience in
circuitry and servicing. The kits include a wide-
band oscilloscope, color bar crosshatch generator,
transistorized volt-ohmmeter and other valuable
equipment that can soon have you earning $5 to 7
an hour servicing color sets in your spare time.

6-position detented UHF channel selector @

'YOU GET MORE
'FOR YOUR MONEY FROM NRI

Modular
construction
with plug-in

circuit boards

Automatic
degaussing

Automatic fine tuning

Automatic
tint control

Automatic
color control



NRI FIRSTS make learning Electronics fast and
fascinating—tc give you priceless confidence

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

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

T

&“"«‘ .

FIRST to give yon completely specialized training kits engi-
neered for business, industrial and military Electronics Technol-
ogy. Shown is your own training center in solid-state motor conirol
and analog computer servo-mechanisms. Telemetering circuits,
solid-state multivibmators and the latest types of integrated circuits
are included in your course.
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The NRI color TV and digital computer kits are the
latest in a long line of “firsts” for NRI. For more
than fifty years, NRI has been providing unique 3-
dimensional home-study training that has helped
hundreds of thousands of students reach their goals
quickly and easily.

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

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

Train with the leader—NRI

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

GET FACTS ABOUT GI BILL

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

Send for free NRI catalog

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

If the card has been used, write direct to:

NRI TRAINING

3939 Wisconsin Ave.
Washington, D.C. 20016
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Editorial

By Milton S. Snitzer, Editor

THE NEW/COM SHOW

Recently we returned from sunny, hot Las Vegas where we spent
several days at the New/Com '72 show. New/Com (National Electronics
Week/Components) is a trade show attended by manufacturers of
electronic equipment that is sold through parts distributors. The
show is sponsored by the Electronic Industries Association, Western
Electronic Manufacturers Association, Association of Electronic
Manufacturers, National Electric Distributors Association, and
Electronic Representatives Association.

The show is important to you since the business transacted there
partly determines which components, test equipment, tools, CB rigs,
antennas, and semiconductors you will find on the shelves of your
local distributor.

This year’'s show occupied about 20 percent more space than the
1971 show which was held in Miami Beach. In all there were 195
exhibitors, compared to about 180 last year. There were 253 display
booths and 30 conference suites for a total of 283 exhibit spaces
at the big Las Vegas Hiiton hotel.

Almost without exception, all the exhibitors we talked to were
excited and enthusiastic about the amount of business they were
able to conduct with distributors and sales reps. Sales quotas
were toppled and some exhibitors told us they simply didn’t have
enough personnel on hand to conduct ali the business that was being
written at the show.

Not only did we see a number of new pieces of equipment but we
saw lots of attractively packaged components of all kinds. There
were resistors, capacitors, diodes, transistors, integrated
circuits, printed circuit kits, and more, all in self-showing
packages that hang on sales racks or on the walls of the
distributor’s store.

What the show means is that there will be a greater variety and
better quality of items that you will be able to buy from your
electronic parts distributors. Here is a group that is really
catering to the needs of the electronics experimenter, especially
those of you who write to us asking where you can buy
this part or that item for one of our construction projects.
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The best time fo upgrade
your component system
is before you buy it.

If you're a typical reader of this
magazine, you most likely have a sizeable
investment in a component system. So our
advice about uparading might come a little late.

What you might have overlooked,
however, is the foct that your records are the
costliest and most fragile component of all. As

well as the only one you will continue foinvest in.

And since your turntable is the only
component that handles these valuable records,
advice about upgrading your turntable is better
late than never.

Any compromise here will be costly.

And permanent. Because there is just no way
to improve a damoged record.

If the stylus can’t respond accurately and
sensitively 1o the rapidly changing contours of
the groove walls, especially the hazardous
peaks and valleys of the high frequences,
there's trouble. Any curve the stylus can't
negotiate, it may lop off. And with those little
bits of vinyl go the high notes and part of
your investment.

If the record doesn't rotate at precisely
the correct speed, musical pitch will be
distorted. No amplifier tone controls can
correct this distortion.

Dual 12156, £109 50

If the motor isn't quiet and free of
vibration, an annoying rumble will accompany
the music. You can get rid of rumble by using
the bass control, but-only at the expense of
the bass you wont to hear.

Experienced component owners know
all this. Which is why so many of them,
especially record reviewers and other music
experts, won' play their records on anything
but a Dual. From the first play on.

Now; if youd like to know what several
independent test labs say about Dual, we'll
send you complete reprints of their reports.
Plus a reprint of an article from a leading
music magazine felling you what fo look for in
record ploying equipment. Whether you're
upgrading or not.

Betfer yet, just visit your franchised United
Audio dealer and osk for a demonstration.

You'll find Dual automatic turntables
priced from $109.50 to $199.50. That moy be
more than you spent on your present turntable,
or more than you were infending to spend on
your next one.

But think of it this way. It will be a long,
long time before you'll need fo upgrade your

Dual. m-

Dual 1218 $155.00

Dual 1229, 5197 50

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

Eaclusive U.S. Distribution Agency lor Dual.

CIRCLE NO. 38 ON READER SERVICE CARD
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"ﬂw 14-Piece,

%" Sq. Drive

sel drives fasteners

1 different ways

REVERSIBLE RATCHET — Precision made, long
life, fully enclosed mechanism. Short handle
swing for close quarter work.

UNIQUE SPINNER/EXTENSION — 5-3/4” over-
all. Plastic (UL) handle with 1/4” sq. drive
socket insert for ratchet. Use also as regular
nutdriver. .

2” DRIVE EXTENSION — Fits on ratchet or
either end of spinner/extension.

RUGGED, HEAT TREATED, ALLOY STEEL
SOCKETS — Nine for hex sizes 3/16” thru 1/2”,
Two dual purpose for hex and square sizes
1/4” and 5/16”.

FREE STICK-ON INITIALS personalize the sturdy
plastic case and help prevent loss or mix-up.

REQUEST
BULLETIN N770

No. 1001 SET

nationwide availability
through local distributors

Send Bulletin N770 on 1/4” Square Drive Socket Wrench Set.

-
|
|

XCELITE, INC. « 20 BANK ST., ORCHARD PARK, N.Y. 14127 |
|
|
|
I
|

state & zone
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KEEP THE ETCHING GUIDES

Marvin Jones (Letters, June 1972) may not
know why you publish etching and drilling
guides, but he speaks only for himself. I use the
guides regularly, as [ am sure many other read-
ors do.

WaLTERr E. Scaatip
Carbondale, 111,

I don’t like the time it takes between sub-
mitting an order and the delivery of my com-
mercial PC boards. Furthermore, commercial
boards leave no room for me to modify them
should 1 wish to do so. I vote you keep the
etching guides.

JaxiEs THIEL
Kentucky

A great many of us experimenters take plea-
sure in being able to say that we built a project
from scratch. Leaving out the guides, putting us
at the mercy of commercial suppliers, would
change us into assemblers instead of builders.
Please don’t discontinue publishing the etching
and drilling guides.

DanieL L. SANDERS
Spokane, Wash.

It is obvious that Marvin Jones has never had
to pay import dutics for the items he vses in his
clectronics hobby. For most of us who live out-
side the U.S.A., it is necessary to add at least
onc-third more to the cost of any item pur-
chased outside our countrics. If we have PC
guides, at least we can save some money by
buying materials locally and making our own
boards. Those published guides come in mighty
handy in such cases.

Ricarn CAMERON
Ontario, Canada

Enough said. The aboce is only ¢ small sam-
pling of the flood of letters received—all ask-
ing us to continue publishing our etching and
drilling guides. There was not one letter of dis-
sent. The guides will remain, .

ANOTHER COUNTY HEARD FROM

In “News IHighlights” (June 1972) mention
was made of RCA’s new “Electronics For Law

POPULAR ELECTRONICS Including Electronics World




Enforcement” system. It was stated that the
dispatcher can blow the horn of any vehicle
when the driver is away. Well, here in Palm
Beach County, the Sheriff’s Office has what
they call a “Recall” system. It is an electronic
ga({get located near the radio. Not only does it
operate the car’s horn, but it also turns on the
blue lights on the roof.

PauL S. CoLoxMBO

Lake Worth, Fla.

A WORD TO CB'ERS

After rcading “The Case For A National CB
Organization (Fcbruary 1972), 1 came to the
following conclusion: If the CRB’ers ever did
organize a nationally accepted group, it would
have quite a job on’its hands. To convince the
F.C.C. that the CB operators were worthy of
the 220-222-M11z ham band, this organization
would first have to clean up the present CB
bands. That in itself would be quite a miracle.

As I listen in on the CB frequencies from
time to time, I note that the majority of opera-
tors do not even have licenses. Emergency
channel 9 is being used the same as any other
channel, and I dread to think what might hap-
pen if a real emergency ever came up. Another
thing I noticed was the profanity used by
CB’ers; it has never before been equalled by
any other broadcasting group.

My conclusion is that before the F.C.C. even
considers giving a ham band to CB’ers, the CB
operators themselves should clean up their pres-
ent bands.

Davip J. Snuch, WB2BOH
President

H.B. Thompson Ham Radio Club
Syosset, N.Y.

SATISFIED POP MUSICIAN

While researching material for a music syn-
thesizer, I happened across your “Touch-
tone” circuit (March 1970). Since I run light
shows for rock groups, I'm always on the
lookout for circuits which can be assembled
to improve my shows. So, 1 incorporated the
Touchtone into another circuit. My combi-
nation works fine. Thanks for a great idea.

Micnaer B. CarroLL
Kendallville, Ind.

SOMETHING FOR VACUUM TUBE BUFFS

I am glad to see that you have not forgot-
ten your readers who experiment with vacuum
tubes. I am speaking of the story “Transmitter
For the Neglected Band” in the January issue.
I hope you will have more projects using tubes.

RoBerT RoLanD
San Jose, Calif.

Have you seen “Tuner For the Neglected
Band” in the February issue?

SEPTEMBER 1972

Dreaming about
a pair of $300
condenser
microphones?

Think seriously
about these:

$39.75each!

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 uitra-clean sound.
But the new E-V electret condenser micro-
phones need no high voitage power supply.
Just an AA penlite battery to operate the
built-in FET impedance ccnverter. 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 &1
Desk Stand. $12.00 each,

ELECTRO-VOICE, INC., Dept. 922P

630 Cecil Street, Buchanan, Michigan 49107

in Europa: Electro-Voice, S.A., Rdmer .trasse 49,
2560 Nidau, Switzerland

CIRCLE NO. 12 ON READER SERVICE CARD



More job.

If you qualify, we can
guarantee you any one of
68 job fields. What’s more,
we’ll send you to a school
that will make you a real
pro. That way, you get
more jobs in the Navy and
when you get out, you've
got somewhere to go.

More choice.
There’s a new 3 year
Navy enlistment. So you
can come in for 6 years or
4 years or now, 3 years.

_ Getalittle
inthe Navy.

More guarantees.

_You can be guaranteed
East or West Coast and
choice of sea duty or
airman recruit work.

More travel.
See Africa. See Europe.)
See Japan. Join the Navy
and see the world. (It’s,
still true.)

More bread.
New guys now earn’
$288 a month. (Congress:
gave us araise. )

POPULAR ELECTRONICS Including Electronics World



More hair.

You can wear a beard
(nicely trimmed) if you
want to. It's a Naval
tradition. It’s also a brand
new Navy.

More freebies.
Besides free travel and

free education and that
$288 a month, you get free
food and free clothing and
free housing and free
health care and 30 paid
vacation days per year.

SEPTEMBER 1972

If you think you've got what it
takes to make it in the new Navy,

Call:
800-424-8880

It's toll free, there's no obliga-
tion, and a real live Navy recruiter
will answer all your questions
24 hours a day, seven days a week.
In Washington, D. C. call 433-2000.

Or:

Sce your Navy man right now.
He's listed in your phone book under
U.S.Government, Navy. He's got
all the answers—or he knows where

to find them. or

Send to: Captain Donald E. Oglevee
Building 157, Fourth Floor,
Washington Navy Yard, -~
Washington, D.C. 20390

I want to know more about:

O More job, training, education.

0 The new 3 year enlistment.

) More travel.

[ Guaranteed East or West Coast home port.

[J More bread.

3 Enlisting now, reporting 6 months later.

0 I want to know more right away. Call me.
My phone No. ( ).

m If vou really don’t want to wait, call us
toll free right now at: 800-424-8880
In Washington, D. C. call: 433-2000

Name Age

Address

City

pm———m——————— oo — = ——— o




Stereo Scene

~

/

OME REASONS why video cassettes
have not yet brought about the revolu-

tion in viewing that was predicted for them
are that there are at least a half a dozen
different video cassette systems being pro-
posed these days. None of the players can
use cassettes made for any other player,
and some of them don’t work very well
anyway. These strike me as being very
good reasons why the video public has not
yet leaped in with both feet and embraced
video cassettes with both arms. They are
also very good reasons why the audio pub-
lic has not yet been eager to embrace 4-
channel stereo, for much the same situa-
tion prevails in quadraphony as in video
cassettes.

A quick count at the time of this writing
reveals that there are at least eight differ-
ent systems being proposed for quadraphon-
ic reproduction from discs. Of these, five
are matrixing systems of various kinds,
where signal phases and amplitudes are
juggled to produce what has been described
as “a tolerable substitute for the real thing”
at its best, and as “hopelessly inadequate”
at its worst. The “real thing,” of course, is
discrete quadraphony: four separate record-
ing and reproducing channels. Test after
test has shown that the discrete approach
outperforms every other one in every re-
spect. Some discrete quadraphonic record-

The
Discrete
Quadraphonic

Disc

By J. Gordon Holt

ings have been made available from several
manufacturers on open-reel tape and on 8-
track cartridges from RCA and Ampex.

The commercial success of these discrete
4-channel tapes is still by no means assured.
Each format uses for its rear-channel sig-
nals two of the tape tracks that formerly
provided half of the tape’s total 2-channel
playing time. This halves the amount of
music that can be accommodated on them.
Some early 2-channel stereo recording sys-
tems were rejected by the buying public
largely for the same reasons, because they
cost more and gave only half as much
music for the extra money. In addition,
even though sales of prerecorded tapes on
cassettes and cartridges have been bur-
geoning during the past year or so, most
people still prefer recordings on discs. And
discrete 4-channel sound on a disc seemed
beyond the capabilities of current technol-
ogy.
Then the Japanese Victor Company an-
nounced, rather modestly, that they had
found a practical way of recording discrete
quadraphony on a disc.

The basic technique for doing this was
not new: It had been proposed back in the
mid-1950’s (by Jerry Minter, of Compon-
ents Corporation, if memory serves me) as
a means of recording 2-channel stereo on
a disc. It involved using a frequency-modu-
lated ultrasonic signal recorded on the disc
along with the usual monophonic (L + R)
lateral modulations. The ultrasonic signal
carried the stereo difference information
(L — R), and after a playback demodulator
converted the ultrasonic FM into audio fre-
quencies, a simple matrixing circuit mixed
the difference signal with the sum signal to
extract from them the two original stereo
signals.

Most audio experts were aghast at the
idea. “Why, the first time the record is
played,” they predicted direly, “the pickup

POPULAR ELECTRONICS Including Electronics World




Twelve years — Five major advances

I T Npaemmm e =

] ] H

1] ' 1

I ! )

1 1 H

- :

I :

] ! 1

1 ! H

] ! ¥

] 1 '

] 1 ]

: , i

P E

1

H : H

Vo ;

, N ! ]

| o - \\\: ——‘—‘,

BOSE 901 BOSE 501 CONVENTIONAL REURN
901* 501* SPEAKER
SPEAKER 2

1 YES NO NO
2 YES NO NO
3 YES YES NO
4 YES YES NO
5 YES YES NO

The twelve years of university researcht that
led to the design of the BOSE 901 and BOSE
501 DIRECT/REFLECTING® speaker systems
revealed five design factors which optimize
speaker performance:—

1 The use of a multiplicity of acoustically
coupled full-range speakers — to provide a
clarity and definition of musical instrument
sounds that can not, to our knowledge, be
obtained with the conventional technology of
woofers, tweeters and crossovers.

2 The use of active equalization in combina-
tion with the multiplicity of full-range speakers
— to provide an accuracy of musical timbre that
can not, to our knowledge, be achieved with
speakers alone.

3 Theuseof an optimum combination of
direct and reflected sound — to provide the
spatial fullness characteristic of live music.

4 The use of flat power response instead of
the conventional flat frequency response — to
produce the full balance of high frequencies with-
out the shrillness usually associated with Hi-Fi.

5 Acoustical coupling to the room — designed
quantitatively to take advantage of adjacent wall
and floor surfaces to balance the spectrum of
radiated sounds.

To appreciate the benefits of these five design
factors, simply place the BOSE 901 directly on
top of the fargest and most expensive speakers
your dealer carries and listen to the comparison.

You can hear the difference now.

NATICK, MA. 01760 —BHSE ®

* Patents issued and applied for

1 Copies of the Audio Engineering Society paper,

‘ON THE DESIGN, MEASUREMENT AND EVALUATION
OF LOUDSPEAKERS', by Dr. A, G. Bpse, are available
from Bose Corp, for fifty cents.
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will wipe off the ultrasonic carrier, and
what’s left will'be so noisy it'll be unlisten-
able.” “Not so,” said the FM system’s pro-
moters, but they were never able to prove
their point. The 45-45 matrixing system
for stereo came along, and its utter simplic-
ity and potential (and it was only a poten-
tial, then) for high-quality sound made it
the logical way to go.

No Simple Answer. It seems to me,
though, that matrixing is not going to pro-
vide the neat, simple answer for 4-channel
that it provided for 2-channel disc record-
ing. JVC resurrected the ultrasonic carrier
system, added a few refinements and inno-
vations, and right or wrong (for everyone
concerned ), managed to persuade RCA that
this is the way to go. Today, RCA is get-
ting ready to release a number of the JVC
discrete 4-channel discs, and the necessary
playback equipment is being marketed in
the U.S. by JVC and Panasonic.

The JVC system—which they call CD4—
differs from the 2-channel carrier system in
that there are two ultrasonic carriers mod-
ulating the groove in the usual 45-45-de-
gree stereo axes. Thus, the playback pickup
must maintain adequate separation as well
as frequency response well up into the ul-
trasonic range. If it does, it will produce
two separate carrier outputs along with the
usual two stereo outputs. The CD4 resem-
bles the early 2-channel system in that it
records the stereo sum signals directly and
the difference signals on the ultrasonic car-
rier, and for the same reasons. This allows
the carrier to operate over a narrower fre-
quency range (stereo separation is of neg-
ligible significance below about 200 Hz)
and, more important, it yields a disc that is
compatible with the 2-channel disc.

In the CD4 system, all signal information
is recorded in the usual way as 45/45-de-
gree modulations (Fig. 1). Modulations in
one 45-degree axis carry all left-hand infor-
mation, those in' the other 45-degree axis
carry all right-hand information. Thus, if
the disc is played on a 2-channel stereo
system, the left front and left rear sounds
will all come from left front, and right
front and right rear signals from right
front. All instruments are heard in their
proper balance, whereas matrixed discs al-
ways exhibit some attenuation of sounds
coming from certain directions when played
on a 2-channel system. The CD4 disc is
perfectly compatible with 2-channel repro-
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Fig. 1. Audio signal (large undula-
tion) and ultrasonic carrier (small
undulations) in a single disc groove.

ducers, yet all it takes to separate the left
and right-channel signals into left front, left
rear, right front, and right rear, is the ap-
propriate demodulator unit.

The demodulator is, essentially, a pair of
sterco FM detectors, The ultrasonic carrier
on the disc has a center frequency of
around 30 kHz (its frequency in the ab-
sence of any front/rear difference informa-
tion). When a difference signal is present,
the frequency of the carrier shifts above or
below its 30-kHz center. The frequency is
modulated by the difference signal. The
higher the amplitude of the signal, the more
the carrier changes frequency, within a
limit of 20 to 45 kHz for the loudest sig-
nal. Remember, though, that the 25-kHz
frequency range is not the range of audio
frequencies that can be handled by the car-
rier. The carrier frequency represents signal
amplitude or intensity. Frequency infor-
mation is represented only by the number of
times per second that the carrier changes
frequency.

Once the demodulator has converted the
two M carrier signals into audio difference
signals, they are matrixed against the left-
channel and right-channel sum signals from
the disc to yield the four discrete quadra-
phonic signals. And that’s it, in theory (Fig.

2).

How does it work, in practice? People
who have heard the system report that it
outclasses any of the simple matrixing sys-
tems, and seems indistinguishable from a
4-channel playback directly from four dis-
crete tape tracks.

But the question of stylus erasure of the
carrier signals has yet to be answered to
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our fourth genetio

introducing the 1440:

a powerful addition to our

quality family of kit calculators priced from $99.50

The first of its kind available anywhere, the 1440 was developed

by MITS - the original kit calculator company ~- to answer the*

need for a high caliber calculator at an easily affordable price.

Using only the highest quality components from such American
manufacturers as AMP, IRC, National Semiconductol, Sprague,
and TI, the 1440 follows the tradition of the 816 (featured on
the cover of Popular Electronics in November, 1971).

Design standards assure customer satisfaction when 5% resistors;
fully interconnected, double sided, plated through PC boards;
extra large LED's; individual mounting sockets for all IC's; pre
cut, stripped, and tinned wire; and double-injected, feather touch
keyboards are the rule.

Comprehensive, detailed instructions covering Theory of Opera-
tion (with complete schematics and logic diagrams), Step by Step
Assembly. Troubleshooting, and Applications make assembling a
MITS calculator as easy as it is enjoyable. And a full 90 day war-
ranty (lyear on assembled units) insures that you'll get a product
you can count on long after you buy it.

.
I
/

2016 San Mateo NE,

You can even increase the 1440's capacity to that of a small desk-
top computer by the addition of completely compatible printing
and programming units (available summer 72} to the interfacing
that's alreacy there - so yow needs will never outgrow its capa-
bility, and with six functions (+,—, X, + x2, /%) and two mem-
ories (a constant and an independent data memory) that's a lot of
power.

A reasonable price was the anly remaining factor in the 1440°s
design. We think that $199.95 (assentbled $249.95) is fair, and
we hope you'll agree. To make ordering yours simple, we accept
Mastercharge and Bank Americard. Why not give usa call today?

s

Our four function 816°s (with "computerizing' interfaces) and the
single chip 808 have undergone design improvement too. They're
available at: $99.50 (808), $149.95 (815A), and $159.95 (816B).

Mico Instrumentotion & Telemetry Systems, Inc.

Albuquergie, New Mexico 87110 505 - 266-2330

Dealer Inquiries Invited
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Fig. 2. Diagram of CD4 playback system.

everyone’s satisfaction. It is obvious, from
the theory of the system, that it wouldn’t
take much in the way of carrier signal to
convey all the necessary difference-signal in-
formation, because it is the frequency of
the carrier and not its intensity which is of
importance. Mistracking distortion, as might
result from severe wear of the carrier modu-
lations, is primarily impulse noise, which is
amplitude modulation. The FM demodu-
lators can be made to be insensitive to these
noises just as an FM tuner c»n he made
insensitive to the amplitude modulations of
static. But JVC has not been willing or able
to furnish data about just how little carrier
signal or how much noise it takes to pro-
duce how much of what kinds of degrada-
tion in performance.

It is equally obvious, nonetheless, that
JVC foresaw carrier erasure as a potential
weakness of the CD4 system, for they put a
great deal of effort into seeing that this
would not become a problem. The demod-
ulator units that are now being marketed by
JVC and Panasonic in the U.S. incorporate
special circuitry for enhancing their sensi-
tivity to the carrier while reducing what-
ever noise would otherwise develop as a
result of the enhancement. RCA (handling
the disc end of the system) did their bit bv
coming up with a new record material
which they claim to be five times more re-
sistant to wear than the usual vinyl material.
A spokesman for RCA told me that their
tests had satisfied them that the new disc
material, plus the enhancing circuits in the
demodulators, would allow more than 100
plays on a typical 2-channel stereo phono-
graph. And, as he pointed out, very, very
tew people will ever play a disc 100 times.

16

The Shibata Stylus. But that isn’t all.
Along  with the enhancing  circuits  and
RCA’s new disc material, [VC uses as part
of their system a new type of stylus called
the Shibata stylus. This stylus resembles
an elliptical stylus, except that its front side
is faceted in a manner similar to that of the
rear face of a cutting stylus. The outer
edges of the facets, where they contact the
groove walls, are at the same vertical angle
as the outer edges of the facets on the cut-
ting stylus, so the former is supposed to fit
neatly into the high-frequency modulations
cut by the latter. This is intended to ac-
complish two things. It should greatly im-
prove the “resolution” of the playback stylus
—due to its ability to follow the tiny undu-
lations instead of just rattling along over
the tops of them. And it should do this
without reducing the area of contact be-
tween the stylus and groove walls, as would
be the case were the same resolving power
to be obtained merely by using extremely
small side radii on an ordinary elliptical
stylus. Thus, the resolution would be im-
proved without a significant increase in rec-
ord wear.

The success of this, however, presuppos-
es that the vertical angle of the facets on
the playback stylus be the same as that of
the cutting facets. This may be hard to
achieve in practice, as a pick-up’s vertical
tracking angle can vary appreciably ac-
cording to tracking force, the age of the
stylus, the number of discs in a record-
changer stack, and even the amount of
warpage on a disc. Only time, and experi-
ence, will show whether the typical exigen-
cies of actual use will give the Shibata stylus
any real advantage over designs that are
potentially less perfect but also less de-
manding of ideal conditions.

So here is a discrete 4-channel disc sys-
tem which does appear to be practical. It
can apparently provide everything in the
way of performance that 4-track tape can,
without halving the available playing time.
The un-demodulated signals can even be
broadcast over FM and reconstituted at
home, although there is no way at pres-
ent of committing them to 2-channel tape,
either in the home or on commercial dupli-
cating machines. Taping quadraphony still
requires four tracks or the use of one of the
matrixing systems. So while CD4 works well,
and yields discs that are fully compatible
with  2-channel discs and players, total
compatibility is not within reach.
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WHICH WAY FOUR CHANNEL ?

THIS WAY

If the four-channel merry-go-round has you confused, you have lots of company,
Discrete or matrixed. Compatible or non-compatible. This system or that one.

Now Sansui offers you total-capability QR Receivers that will transport you into the
four-channel world to day and can handle every variation to the four-channe!
game that anyone’s dreamed up for tomorrow.

Take the QR4500 AM/FM Two-Channel and Four-Channel Stereo Receiver-Synthesizer-
Decoder- Amplifier-and-Control-Center. It can decode any compatibly matrixed
four-channel recording or FM broadcast, or it can synthesize two rear channels from any
two-channel source. Exclusive Sansui phase-shift matrixing prevents the sound
dropouts and false dislocations that plague many matrixed systems.
And exclusive phase modulators duplicate the live sound field.

it can handle any tape or other discrete source and accepts adaptors, converters or
other accessories for any four-channel technique anyone's hinted at.

It boasts 240 watts of total IHF power (continuous power per channel of 38 watts at
4 ohms, 27 watts at 8 ohms) with less than 0.5% TH or IM distortion at rated output and normal
response of 20 to 30,000 Hz =IdB. In a walnut cabinet, $599.95.

You'll find the same universal four-channe!
versatility in all Sansui QR Quadphonic Receivers,
including the QR1500, with 100 watts of total IHF
power (20 watts continuous per channel at 4
ohms). With walnut cabinet, $299.95.

Woodside, New York 11377 ¢ Gardena, Califorma 90247
J ELECTRONIC DISTRIBUTORS {Canada), Vancouver 8, B.C.
SANSUI ELECTRIC CO., LTD.. Tokyo, Japan ¢ Sansui Audio Europe S. A, Antwerp. Belgium o corrment ar santsn
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Your

It tells you more than how much you make. It tells
you how far you've come. And if your paycheck
looks very much the same as it did last year, or the
year before, it simply means that you look very
much the same as you did last year and the year
before.

But times change, and you should be changing
with them. Old dull jobs are disappearing. New ex-
citing ones are being created. There are challeng-
ing fields that need electronics technicians...
careers such as computers, automation, television,
space electronics where the work is interesting
and the earnings are good.

RCA Instilutes can get you started even if you've
had no previous training or experience because
RCA has developed a faster, easier way for you to
gain the skills and the knowledge you need for a
fascinating. rewarding electronics career. And you
don’t have to quit work and go back to school. With
RCA Institutes Home Study Plan you can do both.
Yousetyour own pace depending on your schedule.

paycheck
says a
about you

lot

Check over these RCA Institutes benefits:

« You get Hands-On Training — as many as 21
kits in RCA's Master TV/Radio Servicing Pro-
gram.

«You get RCA’s unique “Autotext” method of
learning — individual programmed instruction,
the easy, faster, simplified way to learn!

«You get the widest choice of electronics
courses and programs—everything from Basic
Electronics right up to Communications and
Digital Electronics.

« You get a choice of low-cost tuition plans!

Sounds great, and it is! For complete information,
without obligation, send in the attached postage
paid card...or return the coupon below. That will
say a lot about you.

Veterans: Train under new G Bill. Accredited Mem-
ber National Home Study Council. Licensed by
N.Y. State—courses of study and instructional facil-
ities approved by the State Education Department.

RCA Institutes, Inc. is a Subsidiary of RCA Corporation

r—“ﬂ" Institutes

Home Study Dept. 694-209-C
320 West 31st Street, New York, N.Y. 10001

Please rush me FREE illustrated catalog.
| understand that | am under no obligation.

Age. |

I Name

(piease print)
Add
. if reply card
City State Zip is detached—
Veterans: Check here 0 send this

coupon today
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Lots of people have
jobs we taught them.

Think of today's Army as the world's largest technical
school and you'll realize why we have so many successful
alumni.

You see, there are over 300 occupations in today's
Army that aren't too unlike corresponding civilian jobs. So
when you learn a job with us you have a skill when you get out

You get to pick that skill, too, before you enlist. And if
you're qualified, you'll get the training to perform it like
a professional.

Which means intensive, in-depth, on-the-job training
along with classroom instruction.

While you learn you get paid. Starting at $288 a month.
And with 30 days paid vacation a year, free meals, free
housing, free clothing, and free medical and dental care,
your take-home pay goes a long way.

Send the coupon or see your Army Representative
about job-training opportunities in today’s Army. You'll pick

up skills that will benefit us now,
and yourself later. m imu

Army Opportunities Date —
Dept. 200, Hampton, Va. 23369 2PE 9-72

Plsase send me informatior: on job training and oppertunities in today’s Army.

Address.
City_____ Ceunty

[ S ————

State Zip Phone

r
|

1

|

|

| Name. Dateofbirth.
1

1

|

1

1

| S
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EVEN IF THEY NEVER SEE
YOUR SLEEK NEW COBRA 135, THEY’LL

KNOW YOU HAVE TH

E BEST.

They'll know by listening.
Because you'll send with
all the power allowed—15
watts P.E.P. input. Plus the
extra authority of 100%
modulation with Dynaboost
speech compression.

You'll transmit on 23 AM
and 46 SSB modes. Two
separate transmitters give
you the best of each, with
overload protection.

Your own ears will confirm
what we say. This Cobra
has the crispest, cleanest

sound ever. Over 60 dB
cross modulation
interference rejection
completely eliminates
bleedover,

Cobra’s drift-free Voice
Lock lets you locate and
lock-in sideband signals
over a wide range. Three
filters—one crystal, two
ceramic—keep adjacent
channels under wraps.

And Cobra’s noise blanker
really punches holes in
noise, both AM and SSB.

COBRA 135
AM/SSB

$41995

microphone included

The control console has
everything. Adjustable
AM/SSB RF gain control.
Backlit RF output/SWR/S
meter. 24-hour digital-leaf
clock. llluminated mode
selector. And full-function
controls.

Both talking and listening,
it's the first base station to
combine all the features
you want in one package.
And as for looks—wow!

Ask your CB dealer to show
you the best. Cobra 135.

Product of Dynascan Corporation, 1801 West Belle Plaine Avenug, Chicago, lllinois 60613
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3@ News Highlights
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Columbia Records and Electro-Voice Reach 4-Channel Patent Accord

Columbia Records and Electro-Voice have reached an agreement
for an exchange of patent rights and technology related to their re-
spective 4-channel quadraphonic disc systems. Such rights and tech-
nology will also be made available to others. Columbia introduced its
SQ quadraphonic disc system in June of last vear; Electro-Voice has
marketed its own quadraphonic svstem under the brand name Stereo-4
since February 1971, Under the new agreement, E-V will be able to
produce a new, modified IC designed to decode records for the SQ
system. In turn, Columbiw’s equipment licensees will be able to
obtain access to E-V’s patent privileges and technical know-how.
Included in this exchange arc rights to the recently issued U.S.
patent to Peter Scheiber for matrixing techniques.

Big U.S. Trade Deficit in Electronics

We are still importing more than we are exporting in electronics
and communications products. The unfavorable U.S. balance of trade
reached minus $570 million in 197 I—more than three times the minus
$181 million figure in 1970. The major problem remains in the con-
sumer electronic products area, which ran an unfavorable balance of
more than $1.3 billion last year. Radios, TV sets and tape recorders
accounted for 65 percent of this deficit and most of these imports
come from Japan. The balance of trade in other communications-
electronic products, while still favorable overall, continued to decline
in 1971.

Grants for Cable Technicians

Colorado Electrouic Technical College is making available 12 full-
tuition scholarships for its CATV course to be offered to men and
women of minority groups. The college, located in Manitou Springs,
Colo., is offering the six-week course free to blacks and other minority
group students who will be selected by minority greup organizations.
In addition, the school is offering to any cable svstem that wishes to
participate the opportunity to send a minority group member to the
school for the course at reduced tuition. More than 400 CETC grad-
uates are working in CATV systems throughont the U.S.

Electronics Key to Future Education

The Carnegie Commission on Higher Education recenuy recom-
mended that the U.S. government spend between $100 million and
$200 million a vear for the next seven years to develop and promote
the use of electronics for education. The commission said that video-
tape cassettes, computers, and cable television should be in general
use at the colleges by the year 2000. The new technology will not
replace the book and the teacher but will serve to enrich and supple-
ment them.

Supreme Court Backs FCC on CATV

By a vote of five to four, the Supreme Court has upheld the 1969
FCC rule requiring cable TV systems with at least 3500 subscribers
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to originate programming. The court overturned a St. Louis U.S.
Court of Appeals decision handed down last year in the Midwest
Video Corp. case. Midwest had challenged the authority of the FCC
to require origination, and the St. Louis court agreed that the com-
mission had overstepped its charter. Initial reaction from the cable
industry appears to be a mixture of support for the clarification of the
FCC’s authority to regulate cable, and relief of the anxiety and
uncertainty that comes from regulation by an agency whose authority
appears to be in doubt.

Almost Half FM Stations are Stereo Equipped

Electronics Future

Of the 3260 FM radio stations in North America, a total of 1560,
or 48 percent are equipped for stereo. Fotals for the U.S. are 3043
commercial and educational FM stations, of which 1480, or 49 percent
have stereo. These figures are taken from a recently completed study
conducted by Dr. Bruce F. Elving, publisher of “I'M Station Atlas”
(Box 24, Adolph, MN 55701). The study also shed light on the use
of vertical polarization by the broadcasters. FM stations which send
out a vertically polarized signal as well as the usual horizontally polar-
ized signal are better able to serve car radio listeners and persons
having small portables and line-cord antennas.

Looks Bright

Taking a look at the audio electronics industry, General Electric’s
Richard T. Gralton (general manager of Audio Electronics Products
Dept.) predicted that this industry would grow about 40 percent over
the next five years. Stereo components will be the fastest growing
segment of the business. Industry sales of color TV picture tubes
are expected to reach a new all time high in 1972, according to John
B. Farese (executive vice president) of RCA Electronic Components.
In the U.S. domestic market, industry color TV set sales in the first
quarter continue to run at a rate about 25 (Fercent ahead of last
year and 8 million color sets for the year is a distinct possibility.

Postal Service to Continue Mailgram Service

The U.S. Postal Service and Western Union have signed a long-
term, open-ended agreement providing continuation of the Mailgram.
The service combines the convenience of mail delivery with the speed
of electronic transmission. Mailgram uses the Telegraph Company’s
facilities for acceptance and electronic transmission of messages for
next business day delivery nationwide by postal carriers. Teleprinters
are located at selected post offices. Since the experiment began Janu-
ary 1, 1970, the system has gained increasing public acceptance,
reaching a level of over 20,000 messages transmitte(lp daily nationwide.

Electronics in the Supermarket

26

A new voice-activated checkout system for the supermarket indus-
try has been demonstrated by Threshold Technology Inc. The system
recognizes the spoken word and shows the word to the customer in a
lighted display at the checkout stand. At the conclusion of the trans-
action the customer is provided with a printed receipt similar to the
one now in use. The system permits the cashier to bag at the same
time prices are entered by voice. Checkout stations are programmed
for the voice characteristics of the individual cashier at the station.
Since the system is adaptive to the speech of the individual it can be
used by any speaker regardless of language, vocabulary, dialect,
accent or pronunciation. Also in the supermarket, there are now to
be seen the new digital-display scales that show the unit price and
total price for the item being weighed.
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FIVE VITAL COMPONENTS

FOR KNOWLEDGE ...FOR PROFIT...FOR SHEER MUSIC
AND ELECTRONICS ENJOYMENT!

1972 STEREO DIRECTORY & BUYING GUIDE

Listen to this . . . and you'll hear better! It has a lot of information to give you about all the latest
stereo systems and components—Amplifiers e Tuners » Receivers o Hi-Fi Systems o Changers and
Turntables ¢ Speaker Systems e Phono Cartridges and Arms o Cassette, Cartridge and Reel-to-
Reel Tape Machines. More than 1500 products in all, listed by manufacturer, eack with model
number, complete specifications, description and price. Plus a complete, shop-at-nome Buyer's
Guide loaded with expert information on what to look for, what to avoid, how to decide what's best
tor you at a price you can afford. Now you can know what you want before you visit the dealer and
what to listen for when you get there.

i TAPE RECORDER
1972 TAPE RECORDER GUIDE — Spring | GUIDE 1972__..

The age of quadrasonics is all spelled out for you with a complete feature on 4-Channel Sound SHED
including directories of 4-channel components, matrix discs and discrete 8-track tapes. NOW PUBU AR!
In addition, Tape Recorder Guide delivers everything your tape-recording heart desires—like TW'CE A YEAR®

The Dolby Noise-Reduction System—Tips For Buyers of Cassette Machines—Home Video Tape
Machines—Facts on Reel-to-Reel Tape Recorders—the ""Compact” Stereo System—the Cassette
Tape Recorder—Microphones—Headphones—ihe works! Plus—there's a complete buyers guide
for reel-to-real tape, cassette and 8-track tape machines, raw tape, micro-
phones, headphones and accessories! All the advice, all the equipment, all the
expertise you need to get more out of your present rig . ..get

more when you trade up . . . right here in this all new edition.

5 ELECTRONIC
EXPERIMENTER'S

e [ |

1971 ELECTRONIC EXPERIMENTER’S HANDBOOK — SPRING EDITION

20 electronics construction projects in the Spring 1971 Electronic Experimenter's Handbook. All lab-
tested by the Editors, with parts list, easy ""How-To-Do-lt, How-1t-Works' instructions—many with actual
size PC 1oil patterns! Experimenter's Laser » Ten-Watt PA Amplifier » A Pair Ct Loaded Dice - Auto-
matic Vehicle Burglar Alarm « “No-Fooling” Fence Alarm « The Thumpa-Thumpa

Box - Electric Aquarium Heater * Beginner’s Signal Generator + Plus 12 others

and these informative features: Caution-Laser . .. Rally Round The Reflex . ..

Engineering Level Opportunities For You . . . Strange Power of Air lons.

20 PROJECTS wre

1972 ELECTRONIC EXPERIMENTER’S HANDBOOK — WINTER EDITION
Join in this big semi-annual projects festival! You'll get 33 electronics construction projects, each one
lab tested by the editors, complete with parts list, easy *how-to-do-it, how-it-works'' instructions,

and many with actual size PC foil patterns and |. C. diagrams! Build these brain-busters for home and
car, for experience, for fun—The Frisky Four Speaker System » Automatic Lightning Protector « Super
Flash » Remote Camera Shutter Release » Deslgn Your Own Printed Circuits » Laser Beam
Communicator » Modify Your Electric Guitar Sound - Electronic Overload Protection » Electronic
Combination Ignltion Lock » Build A Low-Cost Relay » Photocell Motor
Control Demonstrator « Wire Music « Super Substitution Box—Plus 20 More.

| COMMUNICATIONS
HANBOOK 1972
g 1972 COMMUNICATIONS HANDBOOK

Tunes you in on everything you need to know about CB, SWL or HAM.

Here it is in one single package—the combined knowledge and experience of the top men in each field.
s e Citizens Radio, Short Wave Listening and Amateur Radlo. It's a whole book full of up-to-the-minute data to
S ter m help you get greater value, greater enjoyment out of every minute that you spend with your equipment.
Turdsin y . Special bonus—includes TV DX'ing, ABC's Broadcast Listening and complete listings of frequencies used
by Police, Fire and Public Safety agencies as well as UHF and VHF.

USE THIS COUPON TO ORDER YOUR COPIES TODAY! ]
BACK |SSUES AVMLABLE' ZIFF-DAYIS SERVICE DIVISION e Dept. ‘¥ o 595 Broadway, New York, N.Y. 10012 [}
. Please sand me the Annuals i*ve checked bzlow: PE-972

it you've missed any of these reviousl (] 1972 Tape Recorder Gulde—Spring, $1.50 {11971 Electronlc Experimenser’s Handbook—Spring, $1.50 !
G i~ _ previously '

published Annuals, a wide selection is still ] 1972 Electronlc Experimentec’s Handbook—Winter, $1.25 (71972 Cormmunlcations Handbook, $1.2%
avallable. To place your order, circle the ] 1972 Sterso Directory & Buylng Gulde—$1.50 |
;n;?:zspondmg numbers on the coupon on this Also, | have circled the numbers below of the additional Annuals | wish to-receive: ]
: BEY 10 86 o7 14 19 33 37 56 1

P . F sach
Tape R;corder Guide: 1972 Winter #56, 1 am esclosing a total of §_______ for the Annuals ordered abawe. 1've enclosed an additional 1
1971 #13 35¢ per copy for postage and handling. (For orders outside the U.S.A. ail Annuais are $2.50 per copy, 1
Commurications Handbook: 1969 #86, postesid)
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ELECTRONIC
SECURITY

SYSTEMS

PROTECT YOUR HOME
WITH ONE OF THESE ALARMS

N A RECENT survey, Life magazine
found that 78% of the respondents felt
unsafe in their homes and 43% were victims
of crime during 1971. On August 31, 1971,
an  FBI crime report indicated that a
burglary was committed every 15 seconds
in the United States. The average loss to
the victim was $310. Professional burglars,
joined by amateurs, carried off some $407
million in valuables. More than half of the
burglaries were in the daylight.

The rate of crimes against personal prop-
erty rose 14% between 1960 and 1970.
Still more frightening is the fact that the
rate of violent crimes which often accom-
pany unauthorized entry into the home rose
126% during the same 'period‘

It is no wonder then that many Ameri-
cans are seeking protection for themselves
and their property bevond that which the

(Artcorl vcourtesy the Heath Co.)
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BY JOHN T. FRYE

various law enforcement agencies have to
offer. Nany people find confidence in the
dozens of electronic home security systems
available on the market.

Turning to Electronics. Modern electron-
ics is making practical home security a
reality. Projected figures indicate that
Americans will spend about $1 billion a
year on electronic security equipment by
1975. The private citizen wishing to safe-
guard his home can find a wide range of
prices, versatility, sophistication, and ease
of installation in the electronic security
equipment presently on the market.

Three basic perimeter protection schemes
are illustrated in Fig. 1. In A, the par-
allel-connected  normally open  switches
cause no standby drain on the battery and
are unlikely to sound a false alarm. The
wires rumning to the various switches, how-
ever, must be heavy enough to carry the
entire bell current. Also, the system can be
disabled simply by cutting one of the control
wires. Nor is there any holding action;
simply hy closing the door behind him, the
burglar can cause the alarm to stop
sounding,

By providing a relay to handle the heavy
bell current, the circuit in B permits the
running of small wire which carries only the
light relay current to the switches. The re-
lay latches to provide holding action. But
an intruder still can disable the alarm by
cutting a switch wire.

A slightly more sophisticated circuit,
employing normally closed switches con-
nected in series with the battery and relay
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coil is shown in C. With SI in position 1,
the system is shut down; in position 2, the
bell circuit is tested; in position 3, the relay
is energized, opening the bell circuit; and
in position 4, the system is fully activated
with the resistor being used to reduce bat-
tery current just enough to hold the relay
energized but not sufficient to pull the arma-
ture back if a detector switch is briefly
opened and closed. This provides holding
action. The circuit is also failsafe in that
cutting a wire sets off the alarm. On the
negative side, this circuit draws current
while it is activated, and a poor contact
along the detector line or jarring the relay
can set off a false alarm.

Modern Intrusion Alarms. By contrast,
modern intruder alarms are usually more
elaborate and sophisticated than the elemen-
tary ones described above. In sophisticated
systems, alarm bells, Klaxon horns, or sirens
are installed inside and outside the covered

Fig. 1. Basic electric alarm systems.
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Telectronics sonic wall alarm has de-
layed action arming key. With key on,
owner has 2 minutes to leave premises.

premises. There may be a mechanism which
dials the police department or a security
agency and delivers a taped call for help.
Panic buttons strategically placed around the
house can be wired so that they trip the
alarm even when the rest of the system is
not active, permitting a call for help in an
emergency.

Window and door switches take many
forms. Magnetic reed switches mounted on
frames with controlling magnets on movable
members are popular—as are mercury
switches and pull-traps. The latter operate
when a clip attached by fine wire or fish-
line to a window sash or door is pulled
loose.

Pressure mats and vibration detectors can
be wired into an alarm circuit. Detectors
for smoke, fire, basement flooding or freezer
and furnace failure can be used to double
the usefulness of the system. To guard
against bypassing the system by breaking a
window pane, metallic tape can be cemented
to the glass so that breaking the glass frac-
tures the tape and trips the alarm.

Many perimeter systems now employ a
vibration-proof SCR or a similar solid-state
device which permits the controlling cur-
rent through the sensors to he reduced to a
very low value. This reduces battery drain
and allows long runs of very small wires to
the detectors.

Various intruder detector systems supply
exit and entry facilities. A time delay on
the key-controlled activating switch permits
the homeowner to turn on the system and
leave quickly by the door without setting
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Fig. 2. Operation of photocell system.

off the alarm. On return, entrv can be made
promptly with a key used to switch off the
system before the alarm sounds. Some sys-
tems employ an “electronic” key. For ex-
ample, Dialalarm’s Model 1200 system has
a small wireless M transmitter which acts
as a portable panic button for tripping the
alarm anywhere within 150 feet of the con-
trol unit. But with the control unit switched
to an alternate mode, the hand-held trans-
mitter can be used to arm and disarm the
system in much the same manner as the key
described above.

Other systems, such as ane made by
Heath,  have protecting  switches and
detectors connected to a wired-wireless

transmitter which puts a speeial signal on
the house wiring when triggered. The receiv-
er/control unit is a portable device which
can be plugged into any ac outlet. When
a signal from the transmitter is detected,
the alarm sounds until the signal ceases and
a reset switch is operated. If ac power fails,
a battery in the control unit starts the alarm.
The entire Heath system consists of two
transmitters and a control unit. One trans-
mitter has self-contained smoke and fire
detectors and facilities for connecting other
remote fire detectors. The “utility” trans-
mitter has multiple inputs which accommo-
date both normally open and normally
closed sensors as well as those that change
resistance within certain specified limits. The
latter are useful with normally open freeze-
and-thaw detectors exposed to moisture.

Optical and Ultrasonic Systems. The more
exotic systems employ photocells with in-

One of 3 units in Heath alarm system.
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candescent, infrared, ultraviolet, or pulsed
light sources. Even laser beams are being
tried for possible use as photocell exciters.
In Fig. 2 is shown the basic setup for a
so-called “electric eye” alarm system, Light
from the exciter is focused onto a photocell,
An intruder passing between exciter and
cell interrupts the light path and causes a
relay controlled by the photocell to sound
the alarm.

When a simple incandescent lamp is used
as the exciter, the intruder can see the
beam and defeat the system by focusing

Mallory ultrasonic alarm. Transducers
are at top, Sonalert alarm in center.

his flashlight beam onto the photocell as he
passes through the exciter’s beam path.
Employing infrared or ultraviolet light, in-
visible to the intruder, makes defeating the
system very difficult. Pulsing the exciting
light at some critical frequency increases
that difficulty. (The passive infrared system
does not employ an exciting lamp. Instead,
mfrared radiation given off by the intruder’s
body trips a sensor.)

Light-sensitive intruder alarm systems are
used chiefly to guard a small area in which
an intruder may be expected to appear,
such as a doorway or a corridor. More
exotic systems, employing ultrasonic sound,
microwaves, or radar to detect the presence
of an intruder, are used to guard larger
areas. Most such systems operate on the
Doppler principle (see Fig. 3), whereby
waves from a transducer or antenna flood
the protected area and are reflected in a
stable manner from stationary objects to
a receiver. Any moving object in the cov-
ered area causes changes in frequency,
amplitude, and phase of the received signal
so that the detzclor/reference circuit de-
velops an output to trigger an alarm.

The Mallwy Crime Alert® is a good
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example of a self-contained nltrasonic alarm.
It is placed in operation simply by facing
it into the area to be protected and plug-
ging it . With a switch sct to daNusL
RESET, the user has 15 to 20 secouds to
leave the area before setting off the alarm.
After that, any movement in the arca will
cause the built-in alarn (and any accessory
device) to sound until the switceh is moved
to sTaNDBY. Setting the switch to INSTANT
reseT allows the alarm to sound cach time
something moves in the arca but stop when
the movement stops.

The Aerospace Research Advisor V™ s
designed to avoid false alarms caused by
blowing curtains, vibrating walls, air tur-
bulence, and power-line interference. Sig-
nals received by a corner-mounting trans-
ceiver are processed so that the alarm can
be tripped only by a net change in range
on the part of the intruder, a technique
used by the military to detect mtruders amid
a jungle of swaying trees.

Another example is the Defender intrusion
alarm marketed by the Bourns Security Sys-
tems, Inc. It incorporates both an incon-
spicuous microwave antenna sensor and an
ambient light sensor. Electronic logic anal-
vsis is used with microwave and light sys-
tems to verify human intrusion before
activating the alarm. Each system can be
used independently, or the command logic
module can be set so that both must be
triggered to set off an alarm.

Still another example is the Model 307

Fig. 3. Doppler effect systems detect
moving objects from reflected waves.
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Control unit for the Eico system.

radar intrusion detector marketed by Detec-
tron Security Systems. When a 915-Mlz
radar field radiated by a ground-plane an-
tenna is disturbed, a relay closes. The relay
contacts can be wired into any perimeter
system. The area to be protected can mea-
sure up to 40 feet in diameter by setling a
built-in sensitivity control az needed.

Security Information. it should be under-
stood that the systems mentioned by name
in this article are merely illustrative examples
of the many types of cquipment available.
The wmual “Security Products Directory
Issue¢” of Security World, published each
year in July-August (at 2630 South Cienega,
Los Augeles, CA 96034), lists literally hun-
dreds of manufacturers, addresses. and prod-
ucts in the security arca. The Mountain
West Alarm Supply Co. (4215 North 16 St.,
Pheenix, AZ 85016) publishes an excellent
catalog called “Space Agc Security.” You
might also investigate various magazines for
advertising by burglar and intrnder alarm
companies to see what is available and at
what prices. @®

on case.

Detectron unit has antenna
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Build |

Bass Reflex

Enclosures
the

SOME HINTS

ON SUCCESSFUL
DESIGN

AND CONSTRUCTION

BY DAVID B. WEEMS

THE bass reflex speaker enclosure is a

perennial favorite of home hi-fi builders.
Perhaps one reason for its popularity is
that most of the hi-fi component speak-
ers sold are designed for bass reflex opera-
tion. But a ported enclosure also offers a
more interesting project than does a simp]e
box. Even the name of the system suggests
something special in bass performance. This
appeal sometimes inspires reckless applica-
tion of reflex theory which can result in a
mistuned “boom box.”

It is not easy—but far from impossible
—for the experimenter to successfully de-
sign his own bass reflex enclosure. First
he must face a myriad of decisions. He
must decide at the outset if he wants to
emnphasize bass output and range or con-
centrate on obtaining optimum transient
response.

Of the questions he will most likely ask
himself, one is should the box be tuned to
control the cone at the speaker’s free-air
resonance or to some lower frequency to
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minimize cone travel and distortion at the
bottom of the reproduced frequency range?
Then again, he might ponder whether or
not to tune the box at the higher frequency
of the speaker plus box (before porting)
system resonance. Each of these methods of
tuning is used by various manufacturers.

The experimenter with unusual tastes in
sound can, by stressing the quality he de-
sires, end up with a system that is not only
more original but more satisfying to his
ear than the typical commercial system. As
one loudspeaker engineer points out, the
amateur speaker system builder is some-
times a “strange bird.” Perhaps his urge
to be creative is stronger than the desire
to obtain good sound.

Some Simple Do's. The home builder
can obtain optimum performance from his
loudspeaker, as defined by those who ought
to know, by following the design booklets
published by the manufacturer. Data sheets
are packed right in the speaker’s shipping
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carton; so, one needs only to buy the speak-
er before beginning work on the enclosure.

Ports can be used with boxes of vari-
ous sizes, but the principle is particularly
useful for full-size systems. Tvpical of the
kind of component speaker available for
bass reflex operation is the Electro-Voice
Model LT15, a 15” three-way loudspeaker
for which the enclosure shown in the photos
was designed.

Three-way speakers offer several advant-
ages for the home builder. Most obvious is
the simplified installation in a single speaker
cutout. But, more important, the concen-
tric mounting of all reproducing elements
eliminates the problem of where to mount
the midrange and/or tweeter reproducers
for minimum phase distortion at the cross-
over frequencies.

Our speaker system was put together
without the need for cut-and-try eflorts.
Its very satisfactory performance can be
described with one word—smooth. The
enclosure dimensions chosen were the great-
est of the three sets of figures given on the
Electro-Voice data sheet that accompanied
the speaker. This brings up a useful rule of
thumb: Choose the largest possible enclosure

When installing speaker, do not over-
tighten hardware. Note duct behind the
port which permits use of larger port.
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MODEL LT12
3-WAY
31' 15-TRCH FUIL - RANGE .UUUXPPUER

Read information sheet packed in with
speaker first. If size range is sug-
gested, choose largest one possible.

size that is specificallv recommended by the
manufacturer to obtain the best results.

Here are some more construction hints
that will help smooth the way. Use %”-
thick plywood with tight cores. Except for
the removable rear panel glie and screw
together all joints. Use solid wood for glue
blocks at the comers and For the cleats that
hold the screws for the speaker and rear
panels. Reinforce the panels, particularly
the large ones, with braces. Mount the
speaker off-center if possible to reduce
standing waves in the enclosure. Install a
1”-or-greater thickness of fiberglass wool or
other acoustical damping material on the
rear panel and walls inside the enclosure to
absorb the midrange and high-frequency
sound and prevent its reflection through
the speaker cone or the port. Guard
against air leaks.

The only possible need for experimenta-
tion is in the amount of fiberglass to use.
A fiberglass collar, stapled over the speaker,
sometimes improves speaker damping.

The quality of a bass reflex enclosure
depends upon proper design and sturdy con-
struction. The loudspeaker manufacturer
provides the design parameters. The audio-
phile who follows it need only concern
himself with careful carpentry to prevent
panel vibraticn and air leaks. A {lair for
originality can be expressed in external
style and finish. ®
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USEFUL TECHNIQUE TO MAKE

PROFESSIONAL-LIKE PRINTED CIRCUITS
BY ROBERT A. SULLIVAN & ROBERT S. BRODSKY

MAKINC your own printed circuit board
has never been a particularly easy job;
but the rewards of doing so are great. You
save time and money; and you get a real feel-
ing of satisfaction from having accomplished
the task. Not, of course that it’s all that diffi-
cult. A number of kits for making PC boards
are available commercially—varying as to the
degree of complexity involved in the tech-
nique and the quality of the final result.

It is not always necessary, however, to
have a complicated layout to make a good
PC board. Described here is a technique
that combines many of the best features of
different kit manufacturers. The non-camera
photographic technique (generally agreed
upon as the best approach) requires a mini-
mum investment in equipment and is vir-
tually “goof-proof.”

The procedure involves five basic steps:
laying out the etching guide, making a film
positive of the layout, making a negative of
the positive, printing the negative pattern on
a sensitized PC board blank, and etching and
drilling the board. The procedure is much less
complicated than it sounds and you will be
able to make a commercial-quality board on
your first try.

Basic Materials Needed. Before you can
begin making a printed circuit board, you
must have on hand a few basic items. Table
I lists the most important. In addition, not
listed in Table I but a basic necessity is a
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supply of sensitized PC board blanks (see
Table 1I). There are three types available.
Epoxy fiberglass has the best electrical and

Fig. 1. Reproduction of printed page
shows how patterns are presented in
magazine, making the first step easy.
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mechanical properties, but it is also the most
expensive by a wide margin. Polyester boards
can yield electrical properties as good as the
epoxy-fiberglass type, but they tend to warp
—a difficulty which can be overcome by stor-
ing them flat. The phenolic board is the
least expensive. It is adequate for all but the
most critical projects. Its tendency to chip
during drilling (which applies to the poly-
ester board to a lesser degree) can be
circumvented by careful and patient work.

For almost all projects, a ¥s”-thick board
blank with l-ounce copper cladding on one
side will suffice. Buy fairly large board
blanks, which cost less per square inch.

A photo reversing kit (such as the one
from Kepro) is needed to make the film nega-
tive. The kit generates a total of 480 square
inches of film negative for about $7.00. Film
and developer are available separately. (The
developer supplied with the photo reversing
kit is expensive, however 70% methyl-NOT
propyl—alcohol works just as well and costs
considerably less.) Very carefully read and
follow all instructions whiclt you will find on
a sheet packed with the film.

You will also need a solution for develop-
ing the exposed PC beard. Purchase this in
gallon quantities if you plan on doing a lot of
PC work.

Etchant is used to remove the unwanted
copper from the developed board blank. This
solution contains ferric chloride which per-
manently stains virtually anything it touches
and corrodes most metals. Handle it with
care. Again, buy by the gallon.

Layout materials come next. They include
self-adhering black dots and black tape, dry-
transfer decals which can be used to title
and number component locations on the
board (an option you can do without if you
are on a tight budget), and sheet acetate for
the layout base. For the latter, select clear,
untreated acetate in a medium or heavy
weight.

Kepro recommends that you use a No. 2
photoflood lamp for exposing the negative
and board blank, but if you cannot find this
item, a standard 150-watt reflector lamp,
available at any drug store, can be substi-
tuted. Add to your shopping list two 97 X
5%” x 2” Pyrex dishes, to be used for devel-
oping and etching the board, and a small
plastic funnel for replacing reusable chemi-
calsin their containers.

Filter paper is an option which can pay for
itself in the long run. Use it to periodically
filter the accumulation of photoresist out of
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Fig. 2. Typical pattern on plastic
sheet. Remaining lines must be added.

the developer. Cotton swabs with long
wooden handles are a must. They are re-
quired for developing the film negative, and
the handles can be used to lift the board out
of the etchant.

A black ink designed for touching up pho-
tographic film can be used to correct layout
errors on the film negative. And for errors
caught before the board is etched, you should
have on hand a supply of rub-on resist and
a bottle of paint-on resist for corrections.

Finally, you will need No’s. 60 and 67, 5",
and %7 drills, all of them high-speed
types. The No. 67 drill is particularly useful
for drilling IC lead Tioles.

Step-By-Step Procedure. You will most
likely be interested, at least at first, in dupli-
cating an actual size PC board from a maga-
zine etching guide. In this case, the hard job
of laying out the conductor pattern (see Fig.
1) has %)een done for you. Lay a piece of
acetate sheet over the etching guide and fix
it in place with masking tape or staples. You
are now ready to make the film positive.

Begin your layout by pasting solder pads
on the acetate, matching the dot sizes rea-
sonably close as shown in Fig. 2. After all the
pads are in place, put a piece of paper over
the layout and use the back of a spoon to
burnish them down.

Next, use the black crepe tape to intercon-
nect the pads according to the published lay-
out, again matching widths. It is also a good
idea to make a border with the tape (sec
Fig. 3) to assist in trimming the board after it
is etched. When positioning the tape strips,
allow ¥ of width for each 5 amperes of cur-
rent they must handle and %" minimum
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Fig. 3. At the left, the lines and border needed for Fig. 2 have been added
to the plastic sheet. Then negative is made by photographic process (right).

spacing between strips. Burnish down the
strips.

Remove the acetate positive from the lay-
out and very carefully compare the two for
accuracy. A iistake now is difficult to cor-
rect later. This done, turn off all Auorescent
lighting, if any, in your work area. Place a
lamp equipped with a 15-watt bulb and
shade (to diffuse the light) 8 feet or more
away from the work area. Turn on the lamp
and extinguish all other lighting in the room.
From now until you finish developing the
board, this is the only lighting there should
be in your work area.

Open thq reversing film container and re-
move the instruction sheet packed inside.
Carefully read the instructions provided.
Then, remove the reversing film and cut off
enough to make your negative. Immediately
return the rest of the film to its light-tight
container and seal the container with mask-
ing tape.

Place the reversing film, emulsion side
down on a sheet of clear glass. Over this,
place and center your positive. Complete the
sandwich with another sheet of glass. If you
are using the No. 2 photoflood lamp, expose
the negative as instructed. But if your expos-
ing medium is a 150-watt reflector lamp, ex-
posure time will be about 3% minutes at a
distance of 12 inches.

After exposing the film for the recom-
mended time, shut off the exposing lamp.

3%

TABLE I—MATERIALS REQUIRED

Material Cat. No.* Price
PC Board Developer

1 pint D-1PT(K) $1.15

1 gallon D-1G(K) 5.50
Etchant (Ferric Chloride)

1 pint E-1PT(K) 0.85

1 gallon E-1G(K) 3.50
Resist Paint (Black)

1 pint R-1PT(K) 225
Photo Reversing Kit FK-701(K) 7.20
Photo Reversing Film

107 x 24” RF-1024(K) 3.00

20” x 24" RF-2024(K) 5.40
Reversing Film Developer

1 pint RFD-1PT(K) 2.25
Layout Pads

250 (0.293 x 0.031) D137(B) 3.00

250 (0.100 x 0.031) D101(B) 3.00

250 (0.156 x 0.031) D103(B) 2.00
IC Pads

250 (14-pin DIP} 6014(B) 7.55
Black Tape

20 yd (0.125” wide) T201/.125(B) 0.75

20 yd (0.062” wide) T201/.062(B) 0.75

20 yd (0.031” wide) T201/.031(B) 0.75

*Catalog numbers followed by (K) are available
from Kepro Circuit Systems, Inc., 3630 Scarlet Oak
Bivd., St. Louis, MO 63122; those followed by (B)
are available from Bishop Graphics Inc., 7300 Rad-
ford Ave., North Hollywood, CA 91605. Items are
also available from distributors such as Allied
Electronics and Newark Electronics.
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TABLE 11—BOARD BLANKS

Material Cat. No.* Price
Phenolic Base
3" x 3" S1-33 $2.58
3" x 6” S1-36 0.90
4" x 6” S1-46 1.06
6” x 6” S1-66 1.52
7" x 10" S1-710 272
127 x 12~ S1-1212 5.36
Polyester Base
3" x 3" S1-33M 0.60
3" x 6" S1-36M 0.94
4" x 6" S1-46M 112
6” x 6” S1-66M 162
7”7 x10” S1-710M 2.88
127 x 12~ S1-1212M 572
Epoxy Base
3 x 3” S1-33G 0.84
3" x 6” S1-36G 144
4" x 6” S1-46G 1.66
6" x 6" S1-66G 2.58
7" x 10" S1-710G 4380
127 x 12~ S1-1212G 9.64

*Kepro Circuit Systems, Inc., 3630 Scarlet Oak
Blvd., St. Louis, MO 63122.

Note: All are 1/16” thick, clad on one side only
with 1l-ounce copper with photosensitized resist
coating.

Next, use a swab and the film developer to
remove all unwanted emulsion as shown in
Fig. 4. Move the swab back and forth, using
enough developer to keep the film wet. In a
few seconds, the unwanted green coating will
begin to dissolve. Continue swabbing until
all of the exposed emulsion has dissolved;
wash and hang the negative up to drv.
If your board blank must be trimmed to
size before being exposed, sandwich it be-
tween two sheets of heavy, opaque paper and
seal the edges with masking tape. Then use
a nibbling tool to trim the blank to size.
Immediately seal with masking tape the ex-

Fig. 4. Remove the exposed emulsion
with 2 swab and developer solution.
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posed edges of the portion to be saved and
return it to its light-tight envelope.

Now, sandwich the hoard (copper side
up) and film negative hetween the two sheets
of glass, and expose the board according to
Kepro’s instructions for the No. 2, or for 3%
minutes at 12” for the reflector lamp.

Pour board develaper to a depth of %” into
both Pyrex dishes. Handling it carefully only
by edges, place the board into the developer
and gently rock the dish back and forth for
2 minutes. Still handling it by its edges, re-
move the board from the dish and lay it on
a protected flat surface where the developer
on it can evaporate undisturbed. Meanwhile,
pour the used developer into a non-plastic
(preferably glass) container labelled “used
developer.” Thoroughly rinse the dish.

When the board is completely dry, inspect
it to see if the developer has done its work.
You should be able to see clearly the photo-
resist pattern on the copper. If necessary,
place the board into the dish containing the
clean developer and rock the dish for 45
seconds. Remove the board and again allow it
to dry undisturbed. You can now turn on the
regular lighting in the rcom. When it has
dried completely, carefully inspect the
board’s resist pattern. Repair any messy or
incomplete areas with rub-on or paint-on re-
sist.

The board is now ready to be etched. To
do this, pour etchant to a depth of % for
small and %”-1” for medium to large boards
into a Pyrex dish. Float the board, copper side
down, in the resist. It will 1ake about an hour
for the etchant to completely remove the un-
wanted copper, but you should check the
progress every 10 or 15 minutes. Do not rinse
the board until the entire etching process is
complete. When the etching process is com-
plete, however, thoroughly rinse the ctchant
off under running water. Then remove the
resist with fine steel wool and follow up with
a cleaning in soapy water.

Do not try to economize on etchant. Once
used, it should be discarded by pouring it in
a slow, lazy stream down the drain with
plenty of runuing water. Let the water con-
tinue to run for about 15 seconds after all the
etchant is gone and the dish has been
thoroughly cleaned.

The final steps in fabricating your PC
board are drilling component lead and
mounting holes and trimming to final size. If
desired, you can rub onto the component side
of the board dry-transfer legends to identify
component locations.
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From Cleveland Institute of Electronics

Perform more than 200 exciting experiments
with CIE’s fascinating ELECTRONICS
LABORATORY PROGRAM!
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You get your own 161-piece electronics laboratory...

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 electro

Testing and troubleshooting are an im-
portant part of your learning experience.
included in your laboratory is a precision
“multimeter” to diagnose electrical and
electronic troubles quickly and accurately.

nic components used by industry!

Modern space-age components like this
IC (integrated eircuit) are professional
quality and can be used again and again
inmany 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.

Experience with experiments

is your best teacher

“Hands on" experience helps to re-
inforce basic theory. When you
learn by doing, you discover the
“how" as well as the “why.” You'll
find 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 before 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
refund 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

Electronicsisstill young and growing.
In nearly every one of the new excit-
ing fields of the Seventies you tind
electronics skills and knowledge are
in demand. Computers and data pro-
cessing. Air traffic control. Medical
technology. Pollution control. Broad-
casting and communications. With a
CIE Diploma and an FCC License
you can choose the career field 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., Scottsblutf, Nebraska,
moved from TV repairman to lab
technician to radio station chief
engineer to manufacturer 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 family and | feel
more financially secure than ever
before.”

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 of
Electranics, Inc., 1776 E. 17th St.,
Cleveland, Ohio 44114, Do it now!

T B
hed Cleveland Institute of Electronics, Inc.
PN Cl

Approved
under
G.\. Bill

courses are ap-
proved for educa-
tional benefits
under the G.1. Bill.

| am especially interested in:
O Electronics Technology
O Electronic Communications
O Broadcast Engineering

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

Please send me your two FREE books:
1. Your illustrated school catalog, “Succeed in Clectronics.”
2. Your book, “How to Get a Commercial FCC Bicense.”

O Electronics Technology with Laboratory

O Industrial Electronics

O Clectronics Engineering

If you are a Veteran
or in service now,

Age
(PLEASE PRINT)

|
|
!
|
|
!
|
All CIE career ||
|
|
|
|
|
!
!

check box for G.1.
Bill information.

State Zip

and Servicomen: Check here for G.1. Bill information.

|
|
|
|
|
|
i
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O First Class FCC License |
|
|
|
i
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BABY COMPUTER PERFORMS 32 FUNCTIONS

AND TEACHES BOOLEAN ALGEBRA

THERE have been quite a number of arti-

cles appearing in various magazines cover-
ing digital logic. In most cases, they dealt
with simple applications of logic in clocks,
frequency counters, or digital multimeters.
However, there are very few articles covering
the use of digital logic in computation—such
as the construction of real digital computers.

The digital logic computer described here
is an arithmetic/logic function generator that
can perform 16 binary arithmetic operations
indluding addition, subtraction, decrement,
and straight transfer and 16 logic functions
including AND, NAND, OR, NOR, Exclu-
sive-OR, and comparator. Not only will this
combination allow you to learn and use
binary arithmetic, it will also enable you to
study logic and Boolean algebra.

To use the computer, all you do is set the
appropriate selector switches and enter the
data as two 4-bit words. There is no re-wiring
or patching required for any of the 32 avail-
able functions.

The computer is designed around a
medium-cost IC (75 equivalent gates on a
single chip) and a multi-contact rotary
switch.

Construction. There are no special con-
struction techniques required and lead dress
is not critical. Of course, neat layout of the
leads will result in a move esthetically appeal-
ing unit as well as one that is easier to trouble-
shoot, should the need arise. In the prototype
shown in the phatographs, many of the leads
(those interconne:ting the IC, the function
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selector switch, the binding posts, the Tamp-
driver board, the output lamps, and the
bank of data input switches) were tagged
with %”-wide numbcred wire markers.

The computer is housed in a 77 X 57 X
3” aluminum case, with the 16-position func-
tion selector switch mounted horizontally at
one end. All other switches, lamps, and bind-
ing posts are located on the front. The case
should be drilled, painted, and marked, using
dry transfer lettering, before mounting the
components.

The function selector switch, SI, should
be wired first, as shown in Fig. 1. It is con-
venient to complete this wiring outside the

Fig. 1. Wire S1 as shown here with
connections to the IC, BP1 and BP2.

TO
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case, leaving leads 8 or 10 inches long, to be
connected to the IC and BPI and BP2. Label
these leads appropriately and mount the
switch in the case.

Insert the 24-pin IC socket in the center
of a 27 x 2" piece of perforated phenolic
board (hole spacing, 0.1007). It is advisable
to use a socket for the integrated circuit to
prevent possible heat damage resulting from
soldering directly to the IC. Connect the four
leads from the rotors of SIA, SIB, SIC, and
SID to the IC socket according to Figs. 1
and 2. Connect long leads to all other 1C
socket pins except #15 and #17, marking
them with their respective pin numbers, and
then mount the board in the case.

Wire the six lamp-driver circuits as shown
in Fig. 3. Here again, it'’s convenient to use

TO S3/COM

®—To swcom

(®)—To0 sa/com

®)— 10 sescom

(@—To ss/com

(@—To0 se/com
NC

@1
bl
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w
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@

80 s2 so Cn
£ X E ¥ E =2 X =2 ®© 9 ™ o
Q 0 0 0 0o 0 9 0O o o o a
(%4 (34 o o Q o o o ) 4 ) @
~ ~ ~ ~ ~ ~ ~ ~
o ] o 0 o bt = © o o o O
® O 5 o o o P H +F F =
(<] fod o
(2] (=}

PEpeeePe

NOTE: S6/COM MEANS"THE COMMON TERMINAL OF S8"

NC="NO CONNECTION

Fig. 2. Top view of connections to
the IC. It is best to use a socket.

a small piece of perf board to mount the resis-
tors and transistors. The lamp assemblies are
mounted in the front of the case and then
wired to the driver circuits inside the case.

Using Fig. 4 as a guide, install all of the
wiring that interconnects S2 through SII.
The leads rmning from the IC socket to $2
through S11 should now be connected. The
only remaining task is to connect all leads
going to the two binding posts and the lump-
driver circuits (LDI-LD6) from S1, S2
through S1I, and the IC socket. Wiring is
now complete. Check all of your wiring care-
fully and, when you're sure all is correct, plug
in the integrated circuit. You're now ready to
try out your computer.

Testing and Operation. Connect a regu-
lated 5-volt de supply to BP1 (pos.) and
BP2 (neg.). This will provide supply voltage
to the IC and the lamp-driver circuits, and
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I
LDI
Q2
Rt
I2
Lb2
Q4
R2
)
I3
LD3
1]
R3
Q7
I4
LD4
Q8
R4

Qi2
D6 R6
QI-QI2=2N5129 !
RI-R6 = 22K T0 70
I1-X6 = 5V, 50mA LAMP BF2  BPI

Fig. 3. Lamp drivers with high input
impedance display the f{inal result.

logic 1 level voltage to the input and function
selector switches. Internal grounding repre-
sents the logic 0 state at the various inputs.
In actual operation, outputs at a logic 0 level
will be near zero volts, whereas outputs at a
logic 1 level will be well above zero (3 volts).
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l——»ro BPI l—»1’0 8Pl
LogGIC o
SI0 st
MODE CARRY INPUT
SWITCH
1c-8 IC-7

‘SWITCH
T

0 BP2
NOTE: THAT WIRING

OF SII IS THE REVERSE

OF S2 THROUGH SI10
Fig. 4. Wiring of mode of operation
switches and those for word inputs.

A logic 0 state will result in an unlit lamp,
whereas a 1 state will turn the lamp on.

Arithmetic functions are obtained by set-
ting S10 to ArRrTH and S11 to the logic 0 posi-
tion. The desired function is then selected
from Table I and function selector SI is set
to the appropriate position.

For logic functions, S10 must he set to
the LocIC position. Setting of SI1 is irrele-
vant in this case. The desired logic function
is sclected from Table II and SI is set to
the appropriate position. In this mode of
operation, the internal carry is disabled.
Thus, one can enter four different combin-
ations of input conditions and observe their
respective outputs sinmltzmeously‘

Exhaustive testing of the computer would
require going through each of the 32 avail-
able functions, setting the “A” and “B”
input switches to all of their possible com-
binations and sceing that the result is what
it should be. This would be beyond the
scope of this article and is probably unnec-
essary. However, using Tables 11T and IV
as guides to typical operation, set the input
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TABLE |-—ARITHMETIC FUNCTIONS

S1 Position Function
1 A
2 A+ B
3 A plus AB
4 Minus 1%
5 A 4+ AB _
6 (A + B) plus AB
7 A_minus B minus |#*
8 AB minus 1
9 A plus AB
10 A plus B
11 (A + B) plus AB
12 AB minus 1
13 A plus A%*x*
14 (A 4 B) plus A
15 (A + B) plus A
16 A minus 1

General Note: Plus signs are logic OR
functions (as in positions 1, 2, and 3
of switch S1). Arithmetic functions are
spelled out.

*Displayed as its 2's complement.
**Also used for comparator function,
A=B.

**%Each bit in binary A shifts to the
next more significant position.

switches as shown and check to see that
your output levels correspond to those given
in the tables.

The expressions shown in Tables I through
IV are written in Boolean algebra. Let’s
briefly review the notational system used:

1. A “high” or “yes” logic level is written
as 1, whereas a “low” or “no” logic level is
written as 0. An exception to this notation
is at the carry ouT. Here, because of the
way in which the IC was designed, the re-
verse is true. Thus, when CARRY ouT is 0,
its voltage level is high, (lamp tumed on),

TABLE ll—LOGIC FUNCTIONS

S1 Position Function
1 A (Inversion of A)
2 A + B (NOR)

3 AB

4 Logic O

5 AB (NAND)

6 B (Inversion of B)

7 A @ B (Exclusive OR)
8 AB

9 A4+ B

10 A ®B

11 B

14 A+ B
15 A + B (OR)
16 A
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TABLE [li—
ARITHMETIC FUNCTION TESTS
(Set S10 to ARITH, S11 to 0)

S1 A input B input Qutput
8421 8421 Carry 8421 A=8B
1 1010 0101 1 1010 0
2 0011 1010 1 1011 0
3 0011 1010 1 0111 0
4 0000 0000 1 1111 1
1111 1111 1 1111 1
5 1111 0000 0 1110 0
6 0101 0100 1 0110 0
7 0000 0000 1 1111 1
1000 0011 0 0100 0
0011 1000 1 1010 0
8 0000 0000 1 1111 1
9 0110 1001 1 1100 0
10 1000 1100 0 0100 0
11 1110 1001 0 0110 0
12 1111 1011 0 1010 0
13 0101 0000 1 1010 0
14 0100 0001 1 1001 0
15 0100 0001 0 0010 0
16 1000 0000 1 1111 1

and vice versa. If this becomes annoying,
you can reverse the output by inserting an
inverter stage between pin 15 of the
SN74181 and LD1.

2. A _line over an expression means “not.”
Thus, A is read as not A, and B is read as
not B. If A = 1, then A = 0, and vice versa.

3. AB is read as A and B. AB is read as
A and not B.

4. A + Bisread as A or B. A 4 Bis read
as A or not B.

5. A ® B is read as exclusively A or B.

TABLE IV—LOGIC FUNCTION TESTS
(Set S10 to Logic, S11 irrelevant)

§1 A input B input Qutput
8421 8421 Carry 8421 A=B
1 0101 0000 1 1010 0
2 1001 1100 1 0010 0
3 1010 0011 1 0001 0
4 0000 0000 1 0000 0
1111 1111 1 0000 0
5 1001 1010 1 0111 0
6 0000 1111 1 0000 0
0000 0000 1 1111 1
7 0101 0110 1 0011 0
8 0101 0110 0 0001 0
9 1100 1010 0 1011 0
10 1100 1010 0 1001 0
11 0101 1001 1 1001 0
12 0101 1001 0 0001 0
13 0101 1001 1 1111 1
14 1100 1010 0 1101 0
15 0101 1001 1 1101 0
16 0101 1001 0 0101 0
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6. Arithmetic addition and subtraction are
written as “plus” and “minus”, respectively.

Using the Computer (Addition). Binary
addition of two 4-bit numbers is accom-
plished by entering them as A and B and
reading the result directly. If the result is
greater than 15 there will be a “carry out”
(carry out = 1, lamp ofl). Thus:

1 0 1 1 A(BINARY 11)

0 0 1 1 B(BINARY 3)

1 1 1 O SUM(NO CARRY OUT)

A(BINARY 11)
1 1 0 O BI(BINARY 12)

@ o111

CARRY

BUT

-
[<]
-
-

SUM (WITH CARRY OUT)

Subtraction. Enter the two numbers with
which subtraction is to be performed into
A and B inputs. The result, for Function 7
in Table I, will be A minus B minus 1,
rather than only A minus B. The reason for
this can be understood by examining the
procedure by which subtraction is performed
within the integrated circuit. We must first,
however, define a couple of terms.

1. If each bit in a binary number is in-
verted (i.e., zeroes changed to ones, and
vice versa) the result is known as the “1’s
complement” of the number. For example,
given the binary number 1 1 0 1, its 1’s
complement would be 0 0 1 0. Note that the
sum of a binary number and its 1's com-
plement is always a binary number com-
posed of all ones (1101 plus 0010 =
1111). Anumber can be converted to its
I’s complement in the computer with SI in
logic position 1 for a binary number entered
info A and with SI in logic position 6 for a
binary number entered into B. Set your
computer for LOGIC with SI on 1. Enter
binary 1100 into A and observe that the
output reads 0 0 1 1, the 1's complement of
the entered nunber.

2. If the 1's complement of a number is
increased by one (i.e., add 1 to it) the result
is called the 2's complement. Thus, the s
complement of 1 101 would be

4 1 0 1 GIVEN NUMBER
0 0 | O 'S COMPLEMENT
PLUS 1 ADD1

0 0 4 1 2's COMPLEMENT

Now let’s return to the mechanism by which
subtraction is performed. To subtract B
from A, the 1’s complement of B is added
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This shows how the prototype was as-
sembled. Note mounting of IC board.

to A. This is done internally, within the IC.
We've already seen, however, that the result
of this type of subtraction is not A minus B,
but rather A minus B minus 1, which is one
less than the result we want. Some larger
machines automatically correct this result
by a technique known as an “end-around” or
“forced” carry. Let’s follow what happeus,
for example, in subtracting 3 from 8:

c
é 1 0 O O A (BINARY 8)

ADD 5 1 1 0 0 1'S COMPLEMENT OF BINARY 3
® 0 1 0 o BINARY 4,i.e.,8 MINUS 3 MINUS 1

END~
END-
AROUND 1 END-AROUND CARRY OPERATION

0 1 0 1 BINARY 5,l.¢e.,8 MINUS 3

ADD

With this computer, this end-around carry
must be performed externally. It can be
simulated by simply switching SI11 to the
1 position, thus adding 1 to the result. Don’t
forget to switch SI1 back to 0 for normal
arithmetic operation!

We have seen that the 1’s complement
method of subtraction is a two-step pro-
cedure. Most larger computers use a
different, one-step method that is more
economical in terms of time required and
makes use of the 2's complement of the
subtrahend. Two’s complement subtraction
involves conversion of the subtrahend to
its 2’s complement, followed by its addition
to the other number. Thus, 3 from 11 is:

1 0 1 1 BINARY !
ADD 1 1 O 1 2's COMPLEMENT OF BINARY 3

1 0 O O BINARYS
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Fig. 5. Logic functions performed by
the computer are represented here in
symbolic ‘“‘electronic shorthand” form.

PARTS LIST

11-16-——5-V, 50-mA miniature lamp assembly,
with plastic cap (Southwest Technical
Products, Inc., Box 16297, San Antonio,
TX 78216, Part 5TASP-007)

I1CI—Integrated circuit (T1 SN74181)

BPI1-BP8—4-way binding post (H. H. Smith
Type 1517)

QI1-Q12—Transistor (National 2N5129)

R1-R6—22,000-0hm, Vi-watt resistor

R7—1000-0hm, Yg-watt resistor

S1—4-pole, 16-position rotary switch, non-
shorting (Centralab PA-3007)

82-S11—S8pdt, miniature toggle switch (Alco
MST-105D)

Misc—Aluminum case (7" x 5” x 3”) (Bud
CU21084 or Premier PMC-1008); 24-pin
IC socket; phenolic perf board (2) (2” x
2" and 1'%" x 4”) with 0.100” hole spacing.

Note: A set of twelve 2N5129 transistors and
one SN74181 integrated circuit is available
from Electronetics Co. Inc., Box 278, Cran-.
hury, NJ 08312 for $15.25, postpaid.
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Comparator Functions. To use the A =
B comparator function, set the computer up
for subtraction (S/0: arrtH; S//: 0; S1: 7).
Whenever A is equal to B, the A=B output
will be in a 1 logic state (lamp on). A
second comparator function works as fol-
lows. With S10 on arrth and SI on 7, there
are four possible conditions: (1) with SI1
= 0 and carry ouT on, A is less than or
equal to B; (2) with SII = 1 and carry
ouT on, A is less than B; (3) with S11 = 0
and carry out off, A is greater than B; and
(4) with SI1 = 1 and carry ouT off, A is
equal to or greater than B.

Logic Functions. The sixteen available
logic functions shown in Table II as Boolean
algebra expressions will accept four different
sets of input conditions and provide the four
resultant outputs simultaneously; this is be-
cause when the computer is set up in the
logic mode, the internal carry is disabled.

BPI B8P2 I3 I5

The computer is simple to build when
wired in sections as in Figs. 1 to 4.

Equivalent logical block diagrams are shown
in Fig. 5 for some of the available functions.
To use them, set S10 to Locic and SI to the
desired function. Enter input conditions via
A and B, as required by the function select-
ed; up to four conditions may be entered
simultaneously. Observe the resultants at
the four outputs. ®

NOVEL UNSE for LED

AN AID FOR THE HARD OF HEARING

Light-emitting diodes (LED’s) are now
widely used as power-on indicators or
state readouts, or in other reasonably com-
plex indicator circuits. However, an LED
can also be fun and very handy when used
in some non-critical and unusual circuits.

A typical LED operates in the potential
range between 1.2 and 3 volts and requires
a maximum current of about 20 mA. Con-
sidering its small size, it can generate a
surprising amount of useful light.

The voltage required for the one watt
of power for a conventional 8-ohm speaker
is within the LED range. Try clipping an
LED uacross the speaker voice coil and
watch the light flicker with the program
material. With LED’s available in different
colors, here is a chance to make the world’s
simplest and smallest color organ.

For the Handicapped. If you connect an
LED to the speaker terminals of a telephone
amplifier, it makes an interesting and help-
ful item for the deaf. With the phone in
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the amplifier cradle, the LED will glow
steadily if the volume is brought up and
there is a dial tone. A busy signal is indi-
cated by a fast flashing; ringing by a long
steady, intermittent glow; and a received
voice produces a variable-strength glow.
Deaf people have easily recognized the
signal difference between” “no” and “OK.”
Thus, by judicious questioning, they can
find out if their spoken message has been
understood. If the deaf person is also mute,
a buzzer or an audio oscillator at each end
of the line permits Morse code conversation
over the telephone easily and without as-
sistance.

An LED comnected to the speaker ter-
minals of a record player, in conjunction
with a Morse code record, has been success-
fully used to teach the code to a group of
deaf people. One deaf student will soon
have her novice license; and with an LED
at the audio output of her receiver, will
have no problem holding conversations with
other hams all over the world. ®
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Acuipe To Home atudy

Educationin E

lectronics

THIS ARTICLE WILL HELP YOU MAKE UP YOUR MIND
ABOUT WHICH SCHOOL TO SELECT FOR YOUR NEEDS

UCCESS in electronics, whether it is

your career or simply an avocation, is
almost always directly traceable to a good
understanding of electronics fundamentals.
This understanding is, in tumn, usually the
result of a good education in electronics;
and one of the most efficient ways to get this
basic education is through home study.

However, correspondence schools and
their home study courses seem to be an
enigma to some people, despite their wide
appeal and popularity for many others. If
you've considered taking a home study
course, but can’t make up your mind, per-
haps we can help you decide.

Putting Home Study in Perspective.
Home study is an excellent learning
method. It is widely recognized in govern-

48

BY LOUIS E. FRENZEL, JR.

ment, business, and industry because of its
effectiveness. It is also the lowest in cost
and most convenient method of education
in existence today.

It costs many thousands of dollars to
complete a college or resident technical
school education, but the cost of a good
home study course is usually in the $100
to $1,000 range. Compared to resident
classes, that’s a real bargain.

Home study is also the most convenient
method of education. The school comes to
you. When you emoll, the school sends
you all of the materials you need to learn
the subject. You study the lesson texts and
work with the other training materials, such
as kits and audio/visual devices, to learn
the subject matter. You study on your own
schedule and by your own method.
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Home Study vs Self Study.

Many people say, “Why should I enroll
for a formal home study course in elec-
tronics and pay several hundred dollars
when I can go to the public library, check
out the books that I need, and learn the
material from them myself?” The fact is,
you can; self study does work. It is quite
possible to find the appropriate books, study,
and learn the subject yourself. However, it
is probably the most difficult and demand-
ing method of education. It can be difficult
to find textbooks or other materials that
cover the subject matter adequately. Should
you be lucky enough to find suitable
material at the library or a bookstore, there
is the problem of disciplining yourself to sit
down, read the material, and work appropri-
ate problems. Very few people have the
perseverance it takes to do this.

A home study course is similar in many
ways to self study in that you read and
study the material yourself. However, the
formal home study course has quite a bit
more going for it. First, the course is a
formal package of educational materials
planned to teach you a particular subject
at a specific level. It is put together by
technically qualified educators who know
the subject matter and know how to present
it for best results. The school provides you
with all of the study materials necessary.

A formal home study course also helps
to motivate you. Because you have paid a
certain amount of money for the course,
you feel some incentive and obligation to
study and complete it.

The home study school provides many
additional services and benefits not avail-
able in the self study method. Qualified
instructors are on hand to answer your
technical questions about the course and
usually about related subjects as well. In
addition, upon completion of the course your
achievement is recognized by the awarding
of an appropriate diploma which carries a
certain amount of weight and prestige. Some
schools even have alumni associations,
periodic magazines or newsletters, and job
location assistance. ANl of these are things
that you do not get with self study. Although
self study works, you will learn your subject
faster and more thoroughly with a formal
home study program.

As for resident schools, you wouldu’t or-
dinarily think that home study schools
would compete, but in reality there are many
cases where they do.
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For example, what happens if you can’t
get into the college or resident technical
school of your choice for academic  or
other reasons? What if there isn’t a college
or appropriate school available where you
live? What if there is an appropriate school
in your area but it does not offer night
courses, the only type of course that you
can take because you work full time? What
if you cannot afford the cost of the school?
If you are prevented from attending a col-
lege or resident technical school for any
one of these reasons, then you should con-
sider a home study course.

Why Take a Home Study Course?

So now that you are thinking about
taking a course, you want to know what’s
really in it for you. Let’s take a look at
some of the benefits that vou might obtain.

1. You will obtain a greater knowledge
of your specialty. A good home study course
in electronics is going to give you a good
background in electronics fundamentals. You
will learn theory that will open your mind
and give you new insights into your work. A
lot of things that you may have worked
with before but not fully understood will
finally become perfectly clear.

2. Your increased knowledge of elec-
tronics will permit you to do a better job.
You will be more competent and will,
therefore, have a greater confidence in your
work. This could possibly Jead to a raise or
a promotion with its increased responsibility
and the need for greater technical
knowledge.

3. Your newly gained knowledge could
qualify you for a different and better job.
You may find that, with your increased
knowledge and confidence, your present job
is no longer suitable or satisfying. A new
job could bring you even greater success.

4. Your increased know]edge may per-
mit you to meet some special goal which
you have set for yourself. For example,
you may want or need a first class radio
telephone license. The course you take may
qualify you to pass the FCC exam for this
license. Then again, your improved com-
petency could help you pass the test for a
particular job or for that important service
promotion that you have been wanting.

5. Last, and perhaps the most important
benefit of all, is the fact that completing a
home study course and gaining the knowl-
edge it contains will give you greater con-
fidence and self respect, two characteristics
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that will help you to move ahead more than
anything else.

Although all of these things can result
from taking a correspondence course, you
should also have the proper attitude about
ic. Most employers will recognize such work
s e it shows perseverance, a desire to get
aheal. and a certain level of education and
¢ mpelence. But you may also find that
some exployers virtually fail to recognize
it -t all. They are not aware of its bene-
fits; but that is their loss. Don’t be dis-
coraged if you run across this attitude.
Maintain your confidence and keep going.
The benefits : f a home study education are
more subtle than bold and obvious.

Which Course Should You Take?

Once you have decided that you are go-
ing to take a home study course, the next
step is to set yourself a specific goal that
yeu wish to achieve. You have to know
what you want to do before you can de-
termine which course to tuke. You may
wish t review basic electronics to ensure
your kn()\v]edge of fundamentals. Then
again, you may just want specialized
advanced training in some subject area such
as computers, communications, or mathe-
matics. Try to determine your specific goal
before you choose a school and course.

Once you have set your goal you can
proceed to locate a school offering the
course you want. The table accompanying
this article gives a list of home study schools
offering courses in electronics and related
areas. Simply drop a post card to those
schools in the list. Don’t overlook the post-
age-paid insert cards accompanying the ads
for some schools in this magazine. Each of
them will gladly send you a catalog and
complete information on their school and
its courses. Accumulate all of this informa-
tion first and study it carefully. You will
find some schools that meet your specific
goals and others that do not.” Narrow the
choice down to possibly one or two schools.
Then study each of these schools and their
course selections carefully. Find the one
best suited to your needs. If the catalog
information sent to you by the school does
not answer all your questions, by all means
write the school with your specific ques-
tions. Be absolutely sure that the course
and school are right for you before you
make the investment.

Some schools employ sales representa-
tives. Instead of getting a catalog from the
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school, you may receive a call from a sales-
man. The salesman will give you complete
details on the school and the various courses.
Just remember that these representatives
are salesmen and will encourage you to
enroll promptly. Take your time, however,
and study each school carefully before you
make a decision.

Courses with Kits.

When you are investigating the schools
and courses, you will find a number of the
courses include kits. These kits will teach
you to solder, build and use various pieces
of electronic equipment, run experiments,
make tests, collect data and draw con-
clusions. You may even build and use sev-
eral very interesting and useful end prod-
ucts, such as test equipment, a TV set, or
a digital computer.

Kits in a course can be extremely hene-
ficial, especially if you are not experienced
in handling electronic hardware. They per-
mit you to put theory into practice. After
all, as a technician or an engineer, you will
be working with hardware. Nothing is bet-
ter than actual experience with real
hardware.

On the other hand, if you have had some
experience in electronics and have worked
with hardware, tools, instruments, and com-
ponents, then you may wish to take a course
without kits, and save some time and
money.

College Home Study Courses.

The home study schools and courses list-
ed in the table are private schools. The
courses they offer are modern, up-to-date,
and very effective. However, often over-
looked as sources of home study education
are the colleges and universities themselves.
Many of the larger state universities offer
home study courses for college credit. In
most cases these courses duplicate the same
courses offered in residence at the college
or university. If the course is completed
satisfactorily, standard college quarter credits
or semester hour credits are awarded. In
many instances you can achieve from one-
fourth to one-half of all of the college
credits needed for a Bachelor’s degree by
correspondenc‘e. The exact requirements
vary depending upon the subject area and
the college in which you do your work.
Generally speaking, however, the first two
college years can be completed through
correspondence.
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For more information on this subject,
send fifty cents to the National University
Extension Association, 900 Silver Spring
Avenue, Silver Spring, Maryland 20910 and
ask for their bulletin “A Guide to Corres-
pondence Study in Colleges and Universi-
ties.” This will give you complete informa-
tion on all the colleges and universities
offering courses for college credit.

PRIVATE HOME STUDY SCHOOLS

School Price Kits Accredi- Sales
Range tation® Reps.
Bell & Howell Schools $750— Yes NHSC Yes
4141 Belmont Ave. $1275
Chicago, 1L 60641
Capito! Radio Engi- $90— No NHSC  Yes
neering Institute $675
Wisconsin at Tilden
Washington, DC 20016
Cleveland Institute $450— Yes NHSC Yes
of Electronics $725
1776 East 17th St.
Cleveland, OH 44114
Cook’s Institute of $45— No ACTS No
Electronic Engineering $570
PO Box 10634
Jackson, MS 39209
Grantham Schoeol of $370— Yes NHSC No
Engineering $390
1505 North Western Ave.
Hollywood, CA 90027
International Corres- up to  Yes NHSC Yes
pondence Schools $1195
Scranton, PA 18515
National Radio $60— Yes NHSC No
Institute $631
3939 Wisconsin Ave,
Washington, DC 20016
National Technical $185— Yes NHSC No
Schocls $995
4000 S. Figueroa St.
Los Angeles, CA 90037
RCA Institutes $90— Yes NHSC No
320 W. 31st St. $1150
New York, NY 10001
United Technical $1098 Yes NHSC Yes
Institute
Career Academy
611 E. Wells St.

Milwaukee, WI 53201

*The National Home Study Council (NHSC) is desig-
nated by the U.S. Office of Education as a nationally
recognized accrediting agency. Write them at 1601 18th
St., N.W., Washingten DC 20009, for specific information
on accreditation. The Association of Career Training
Schools (ACTS) is a trade association of home study
schools that sets standards for member schools. All of
above schools are VA approved meaning that the Veterans
Administration will pay for the entire course for you if
you are eligible for benefits under the G.I. Bill.
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Starting and Finishing a Course.

Once you have decided upon a course
and school, the next step is to enroll. This
is generally a very easy procedure since
it only involves filling out a simple form
and sending it in with the necessary money.
With a small down payment you can get
started immediately. Reasonable monthly
payments can then be made over a period
of two to three years, the time limit gener-
ally given in which to complete your course.
Keep in mind that when you enroll in
most schools you are signing a contract.
This contract obligates you to make the
payments monthly whether you study the
cowrse or not. It is your ()bligation to sce
that you get your money’s worth.

There are many hundreds of thousands
of successful correspondence course grad-
vates, but there are probably thousands of
others who have started a home study course
and not completed it.

Most people are quite enthusiastic about
a home study course when they first enroll.
They get right to work when the course
materials arrive. However, this initial en-
thusiasm can taper off if you don’t stay with
it. If you study regularly, you won't lose
interest.

No doubt there are many who enrolled
in a home study course at one time or
another but dropped out or discontinued
studies for some reason. Maybe you weren’t
aware of the effort involved in completing
such a course. Perhaps the course is not
what you expected. Just remember that your
failure to complete the course is generally
your fault rather than that of the school.
Most schools want vou to complete the
course and will make everv effort to help
you do so. If you are having trouble under-
standing the material or developing the prop-
er study habits, don’t hesitate to write the
school and tell them about it. They have
dealt with these problems for years and
are experienced in handling them.

It is ahvays a good idea to try to com-
plete what you start. It will give vou great
personal satisfaction.

In addition, it will give you the self-
respect and confidence that are so inportant
to success in electronics. You won’t know
what this satisfaction is really like until
you experience it. In many wavs this self-
satisfaction and confidence in your own
ability may be a more important factor

than the actual education in electronics
obtained from the course. @
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TREASURE

BETECTORS

Sor LANR USE

WHAT TO LOOK FOR IN SELECTING

A METAL DETECTOR AND WHAT’'S AVAILABLE

REASURE hunting equipment—or,

more accurately, metal locators—has
improved considerably in the last few years.
Today’s gear offers the hunter much greater
success in locating buried “treasure” than
was ever before possible. The current crop
of detectors combines light weight (for com-
fort) with greater range capabilities and
easier operation. Best of all, the latest
devices are priced about the same as their
predecessors.

Metal detector electronics have been
improved to the point where they are vir-
tually drift free. Better packaging offers
more utility. For example, one detector can
accommodate several different types of
search heads. With miniature extension
heads, it is now possible to explore deep
crevices; and even detectors designed for
underwater use have undergone dramatic
changes.

Depth of Detection. The prospective
buyer generally has two questions foremost
in his mind. First, of course, he wants to
know how deep any given device will de-
tect a buried object. Next, he wants to
know which of the various offerings is the
easiest to use.

A beat-frequency detector with a large
search head is well suited for finding ob-
jects buried directly underground. But the
head is much too bulky for exploring in
small angled crevices in caves where real
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treasure might be buried. Obviously, if you
plan your adventures over a wide variety
of terrains, it would be a good idea to ob-
tain a detector with several interchangeable
search heads. Two different detectors with
fixed heads—each designed for a different
job—could also be use(i in which case the
redundancy gives good insurance in case
one detector breaks down in the middle of
nowhere. A second benefit is that two de-
tectors allaw you to work faster.

A unit’s depth-detection ability is atways
important and can characterize the quality

Fig. 1. One of latest depth finders
is Gardiner unit with 3-ft searcher.
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of the instrument. Data of this type is al-
ways difficult to obtain from commercial
sources, especially when different detectors,
each equipped with different search heads,
are to be compared side-by-side. Fortu-
nately, there are rules-of-thumb to guide
you.

When searching for small objects buried
just beneath the surface, smaller search
heads usually provide stronger indications.
They will also locate large objects, but they
lack the detection capability of a large
head. Large search coils spread the mag-
netic field over larger areas. This reduces
flux density; yet the field extends much
deeper into the ground.

Gardiner’s Model 181 detector with a
3-foot search head (Fig. 1) is a good depth-
ranging unit. It has pushbutton and auto-
matic electronic tuning, plus a 219-hour
continuous-operation battery life and it is
carefully counterbalanced to minimize fa-
tigue while toting it.

The Fisher Explorer 11 (Fig. 2) repre-
sents one of the very latest concepts in
detector design. lts electronics package is
housed in a separate box which is hung
around the user’s neck. The Explover II,
has a telescoping search rod, interchange-
able search heads, both meter and audio
indicators, and a headphone jack.

Another new development in detectors is
in the Yukon series of metal-mineral detec-
tors made by Compass Electronics (Fig. 3).
They feature balancing and setting circuits,
including a wide-scan search loop which
permits excellent control of the unit when
searching for concealed metals and miner-
als under soil, water, cement, rock, snow,
or ice. They weigh less than 4 Ih and were
designed in accordance with  military
specifications to resist shock, vibration, and
humidity.

What To Look For. Unfortunately, there
are no universal guides to aid everyone in
selecting equipment that satisfies all needs
and preferences. But there arc some points
which should be given serious considera-
tion: The equipment should be casy to
operate. Good depth range and resolution
are even more important, which means that
a choice of two or more search heads
should be considered.

The instrument you choose should have
little ground pickup. It must be as free as
possible of false detections from tree roots,
changes in moisture content of the ground,
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Fig. 2.
electronics
pended around the prospector's neck.

In Fisher Explorer Il, the

is carried by strap sus-

salt water, etc. The less sensitivity the in-
strument has to false detections, the less
unnecessary digging you will have to do.

Look for convenient electronic tuning.
The best units have either pushbutton-op-
erated or fully automatic electronic tuning.
And, while you are at it. check the current
drain and type of batteries used. The lower
the drain, the better. Batteries should be
the types commonly used in electronic gear
(AA, C, D, or 9-volt transistor batteries)
which can be obtained almost anywhere
you happen to be.

Since the detector is a field instrument,
look for rugged design eoupled with func-
tional simplicity. Do not be misled by fancy
carrying cases or pretty looks. What counts
is performance.

If your plans include waking searches at
great depths (say 20 feet) with hand-car-
ried gear, somewhat different considera-
tions arise. Searches this deep put you into
the geophysical league and require a degree
of foresight and professionalism. But the
rewards are correspondingly high.

One of the best all-around depth detec-
tors is the Fisher M-Scope and its cousins.
Gemini, Fisher’s latest model, shown in
Fig. 4, is a dual system which carries a
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Fig. 3. Compass Electronics Yukon units.

pulsed r-f transmitter at one end of an
adjustable bar and a receiver at the other
end. Under average soil conditions, a me-
tallic object, buried for about two years,
can be detected as follows: 4 sq in. to 14”
deep; 0.5 sq ft to 42~ deep; 1 sq ft to 6
deep; 4 sq ft to 10" deep; 1 sq yd to 14’
deep; and 2 sq yd to 22’ deep.

You can either use the M-Scope’s built-
in speaker, its meter, or its headphones.
Electronically, the transmitter pumps abont
65 mW of power into the loop under test

conditions. The output frequency is 82 kHz
*+ 5 kHz. Power to both the transmitter
and receiver is furnished by conventional
9-volt batteries.

Your fancy might also turn toward so-
called “treasure canes” or the custom-made
“goldfinger.” The treasure cane is a “diag-
nostic” metal detector. It is suited for
locating objects buried at shallow depths or
hidden away in narrow crevices. Looking
like a cane (all electronics inside), it is well
liked by beachcombers who do not wish to
call attention to their treasure hunting.

The goldfinger is another crevice tool.
The detector looks like a simple walking
stick, but it contains a small search head at
one end. Signals are monitored by ear-
phone, with the phone cord strung from the
unit up the searcher’s sleeve.

Aside from the assembled commercial
detectors described above, you might wish
to consider a kit or home-built instrument.
The Heath Company has a kit available; or,
tor do-it-yourself projects, refer to the
Winter 1968 and Spring 1970 editions of
PoruLar ELectrOnNIcS ELEcTRONIC ExX-
PERIMENTER’S IlaxpBoOK. (Back issues of
the Handbook are availuble directly from
Zilf-Davis Service Div., 595 Broadway, New
York, NY 10012. Include $1.65 to cover
postage and handling for each issue.)

Going Professional. The professional trea-
sure hunter’s objectives are not restricted to
traditional “treasures.” He explores ore
bodies, knows how to deal with decoys, and
has a fair knowledge of geophysical tech-
niques and geology. One basic method of
investigating noble metals, including gold
and silver, is shown in Fig. 5. Once a vein’s
outcrop is determined by examination, use
is made of the vein’s direct or semicon-
ductance by feeding an r-f noise into it. A
suitable noise generator can be made of
little else than a power source, buzzer,
capacitor, and coupling transformer as
shown.

Fig. 4. Fischer's Gemini has a pulsed r-f transmitter and receiver at opposite ends.
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The direction or dip of the vein can be
monitored by a small transistor radio
mounted in an open-bottom metal box.
The strongest noise output will be obtained
when the radio is in the vein’s proximity.
It is g()od practice, however, to examine
samples of the materials vou are looking
for so that you can identify them in their
natural ore forms.

Unlike amateur treasure hunters, profes-
sionals are quick to recognize decoys such
as metal cans and other metallic junk that
is heaped, usually in layers, atop a real
buried treasure. The decoy’s purpose is to

TREASURE DETECTORS*
Model
Professional 6" $229.50

Manufacturer Coil Price

D-Tex Electronics

P.0. Box 451 Professional 12" 229.50
Garland, TX 75040
Fisher Research Labs. Metalert 70 117 158.50
Palo Alto, CA 94303
Gardiner Electronics Co., Inc. 190 117 210.00
4729 N. Seventh Ave. 200 11”7 115.00
Phoenix, AZ 85013
Garrett Electronics Hunter 57 229.50
2814 National Dr. Hunter 8” 229.50
Garland, TX 75040 Hunter 127 229.50
Jetco Electronic Ind. Treasure
P.0. Box 26669 Hawk 990 6" 189.50
El Paso, TX 79926 Treasure

Hawk 990 12" 189.50
Relco Ind. Frontiersman 6" 129.50
P.0. Box 10839 Frontiersman 12 129.50

Houston, TX 77018

White’s Electronics, Inc.
Pleasant Valley Rd.
Sweet Home, OR 97386

*A sampling of the many excellenl deteclors available.

66T 72" 269.50
66T 117 269.50
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/

/ Fig. 5. This diagram shows opera-
tion of inductive exploration of
ore vein using an r-f noise source.

discourage novice treasure himters,  for
once the detector gives off an indication
and the decoys are discovered, the amateur
usually abandons the “dig.” The profes-
sional, however, keeps on testing and dig-
ing. Decoyed pits often have special ter-
rain markers such as stones arranged in
symumetrical patterns. Watch for them.

The electronic magnetometer is a profes-
sional detector. It senses geomagnetic dis-
tortions in the earth’s ambient magnetic
field and indicates the presence of large
objects like sunken ships. large treasure
chests, meteorites, ferromagnetic ore bod-
ies, inclines having possible oil accumula-
tions, etc.

Magnetometers are sensitive instruments.
They come in many different shapes, price
ranges, and capul)ilities. White Electronics
makes a convenient model for hand use. It
costs about $650. Used magnetometers are
also excellent buys. One fine surplus unit is
the EPL Mark I, a rotating search coil unit
whose spinning coil cuts through the earth’s
flux field to generate a minute electrical
current by dynamo action. This small cur-
rent is carefully processed and furnished
with a reference voltage supplied by a
tachometer generator coupled to the coil’s
drive motor. Data is expressed in magnetic
gammas. If a treasure-tvpe body exists at
the magnetometer’s field station, the in-
strument will respond to the eartl’s distorted
magnetic flux field and produce a given
indication with reference to a base station
value. However it is advisable to consult
textbooks on professional geophysics to ful-
ly understand and use the enormous capa-
bilities of the magnetometer.
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Slart ol Something big for

An NTS Graduate

James A. Gupton Jr. gradu-
ated from National Technical
Schools with adiplomain TV &
Radio Servicing. Today, he’s a
mighty important manin the
world of Electronics!

Research associate with a
major electronics corporation;
author of numerous articles
in electronics magazines; an in-
ventor with five patent apptlica-
tions to his credit. In the
field of electro-optics, he has
perfected a revolutionary
phosphor deposition technique
for cathode ray tubes.

Quite a listof accomplish-
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ments for a man who began his
career with an NTS diploma
and a job in TV & Radio servicing.

Any student can succeed

James Gupton is certainly an
exceptional NTS graduate.
He proves there’s nothing to keep
a determined man from becom-
ing a success in Electronics.
As he himself says, “Any student,
properly motivated, can
succeed in Electronics through
home-training.”

Every NTS Electrenics Course
is specially designed to keep
you motivated from the time you

y )

10 ECEFOrES Was e
James Gupton

start building your first test
instrument until you're ready to
plug-in your solid-state Color TV
or other advanced electronics
equipment.

Exciling “Project Method"*
Training

NTS Project Method Training
is the best way to learn
electronics.

You build advanced equip-
ment while you learn Electronics
principles and applications,

Each week brings new
excitement when you actually
see the progress you’ve made,
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NTS Dulds Sell-confidence.

For a man to become successful,
like James Gupton, he must have
confidence in himself.

As an NTS graduate you have
this confidence. Your training
is practical and thorough. You know
Electronics from the bottom up.

You enter a world of Electronics
you're familiar with.

And if you have the drive and
determination of a man like James
Gupton, there are no limits on
your success!

(James Gupton's address
available upon request).

NTS COLOR 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,” A.F.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-shooting, hi-fi, stereo,
multiplex systems, radio, color and
B&W TV servicing.

NTS B&W TV SERVICING
Learn sophisticated solid-state
circuitry as you build this BAW TV
Receiver, Lo-Silho “Superhet”
Radio, FET Volt-Ohmmeter, solid-
state Radio, Electronic Tube

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

Checker, and Signal Generator.
TV and all other equipment are
yours to keep,

NTS ELECTRONIC &
COMPUTER TECHNOLOGY

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

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

you the same principles used in
million-dollar systems. Contains 14
integrated circuits! All solid-state!
You perform all wiring and
patchcording. No shortcuts. No
pre-wired circuit boards, Your train-
ing is complete! Also receive a

FET Volt-Ohmmeter and a 5” wide-
band solid-state Oscilloscope,

NTS ELECTRONIC

COMMUNICATIONS

Gain the prestige and earning power
of owning and F.C.C. First Class
Radio-Telephone license. Two com-
prehensive NTS Courses cover

the big opportunity field of trans-
mitting and receiving.

o 2dag @

You build and keep 14 kits, including
this amateur phone 6-meter VHF
Transceiver, NTS's exclusive
6-transistor solid-state Radio, and a
fully transistorized Volt-Ohmmeter,
Also, learn 2-way radio, Citizens
Band Microwaves, and radar.

NTS INDUSTRIAL &
AUTOMATION ELECTRONICS

Automation is the future of industry.
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

5-watt AM
* Transmitter/
Receiver

MASTER COURSE IN COLOR
TV SERVICING

oscilloscope. And you perform
experiments that involve
regulating
motor
speeds, tem-
perature,
pressure,
liquid level,
and much
more. All
equipment
is yours to
keep.

All solid-state!

NTS AUDIO ELECTRONICS
SERVICING

Learn sound theory — how it

works in home radio, car tape decks,
stereo multiplex component
systems, and more! Set up a spec-
tacular music system. Learn

about sound distortion, amplification
and control. loud-speaker baffles,
problems of system installation, etc.

Build and keep this famous Heath
Stereo Receiver and Speakers
Included is Volt-Ohmmeter, In-
Circuit Transistor Tester and solid-
state Radio. Prepare yourself for
great opportunities in the Home
Entertainment 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 dollars in technical facilities.
Check box in coupon below.

APPROVED
FOR VETERANS

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

NATIONAL G+ SCHOOLS

Resident & Home Study Schools
World.-Wide Tralning Since 1905
40C0 S. Figueroa St., Los Angeles, Ca. 30037

—————_———_———q

Dept. 205-092

{1 COLOR TV SERVICING (FOR
ADYANCEO TECHNICIANS)
[0 MASTER COURSE IN B&W TV

NAME AGE — .

I - # Q
Big, Colorful NTS \’ J
Guide to new - »
opportunities in B & <
Electronics. -

Yours FREE! ADDRESS e
ELECTRONIC COMMUNICATIONS
PRACTICAL RADIO SERVICING cITY
FCC LICENSE COURSE

[0 MASTER COURSE IN I

l NATIONAL TECHNICAL SCHOOLS
I 4000 S. Figueroa Street

Los Angeles, California 90037
Please rush me FREE Color NTS Elec-
tronics Guide & FREE lesson, plus in-
{formation on course checked at right. BASIC ELECTRONICS
No obligation, No salesman will call. AUDIO ELECTRONICS SERVICING Training at Los Angeles

ELECTRONICS TECHNOLOGY STATE
O AUTOMATION & INDUSTRIAL . N o1
ELECTRONICS [1 Check if interested in Veterans Training
under new G.1. Bilt.

[0 COMPUTER ELECTRONICS
O Check if interested ONLY in Classroom

zZP e
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AST MONTH, in Part I of this article,

we discussed a number of facts and fal-
lacies having to do with hi-fi loudspeakers
and speaker systems. Here are some more:

26. The number of speakers used in a
system is a sign of the system’s quality.

Fallacy: Many poor-qu:litv speakers are
not better than one excellent quality speak-
er. Multiple-speaker systems have advant-
ages only if the speakers are of high quality
and are designed to work together. The bet-
ter hi-fi systems use two or more comple-
mentary speakers.

27. A “high-compliance” speaker pro-
duces better bass sound than does a low-
compliance speaker.

Fallacy: Most hi-fi systems employ high-
compliance woofers because a loudspeaker
must be highly compliant to properly repro-
duce bass sounds. However, the speaker must
also lave a heavy cone and voice coil to
reproduce deep bass sounds. (The heavy
moving system is the reason for the low
efficiency of systems capable of really good
bass response. )

28. A low resonance frequency is neces-
sary for a speaker to have extended bass
response.

Fact: Below resonance, the response of
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UNRAVELLING MORE OF
THE MYSTERIES
OF SPEAKER OPERATION

BY VICTOR BROCINER

the direct-radiator drops off rapidly, but
this is not necessarily true of the horn-
type speaker. Since almost all bass range
speakers are direct radiators, the general-
ization is reasonably accurate.

29. Good Dass response cannot be ob-
tained by designing a speaker so that its
low-frequency characteristic drops off pro-
gressively and compensating for this by
shaping the amplifier's response curce to
make up for this deficiency.

Fallacy: There is no objection to the use
of frequency equalization to obtain the de-
sired overall response.

30. If a Iou(z-penker is operated in free
air, the rear wave cancels out most of the
front wave in the bass range and the re-
sulting sound lacks “body.”

Fact: When a speaker cone moves for-
ward, creating a compression wave in the
air, its rear face creates a reduced pressure
wave which is free to flow around the
speaker to cancel the front wave in the bass
range. This does not happen at higher fre-
quencies where the speaker is directional.

31. Enclosing the back of a loudspeaker
in an air-tight box of sufficient size con-
tains the rear wave, preventing cancellation
and improving bass response.

Fact: The key phrase is “of sufficient
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size.” If the box is too small, the air within
aets like a spring which reduces cone travel
and compliance, raises the resonant fre-
quency, and reduces bass response.

32. A hox enclosing the back of a speaker
can be made to act larger than its true size.

Fact: If the box is filled with loosely
packed material like fiberglass wool, its re-
action on the speaker is reduced, making it
act like a larger box.

33. A system in which the back of the
speaker is enclosed by an air-tight box is
called an acoustic or air suspension system.

Fallacy: With a speaker mounted in a
closed box, the suspension of the cone and
the air in the box determine system com-
pliance. The term “acoustic suspension” ap-
plies only when the air compliance is ap-
preciably less than the speaker’s compliance.

34. The back wace from a speaker can
be used to assist the front wave instead of
cancelling it.

Fact: When suitablv proportioned, the
combination of the air’s compliance in the
bass reflex or ported enclosure and the mass
of the air in and around the extra opening
comprises an additional resonant element
which creates a reinforcement wave over a
limited frequency range.

35. Bass reflex enclosures sound “boomy.”

Fallacy: A correctlv designed bass reflex
box produces smooth, extended bass without
peaks. The Dhox and speaker must be
matched, however. Poor design can well re-
sult in peaked bass response which sounds
“hoomy.”

36. If distortion occurs in a speaker op-
erated in the bass range, the only result is the
creation of harmonics.

Fallacy: Harmonics are multiples of the
fundamental signal frequency. When distor-

- tion occurs, there are alse intermodulation

products when two signal frequencies are
present at one time. These products gener-
ally bear no musical relationship to the
fundamental and are far more objectionable
to the ear than are the harmonics.

37. Speakers which operate through re-
flection of a large portion of their sound
output from the wall in back of them are
made more nearly omnidirectional by the
reflected sound.

Fact: The ear receives sound from a
speaker through twoe paths (see Fig. 3)—
the sound arriving directly from the speak-
er and the sounds which arrive after one or
more reflections. The ear judges the direc-
tional characteristics of the source by eval-
uating the ratio between the direct and
reflected sounds.

Fig. 3. The ear receives sound
from an omnidirectional speak-
er through many paths, direct
and reflected, as shown here.

HEAVY SOLID LINE —DIRECT SOUND
LIGHT SOLID LINES—ONE REFLECTION
DASHED LINES— TWO REFLECTIONS

@ OMNIDIRECTIONAL LOUDSPEAKER
OLISTENER
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r ORCHESTRA

Fig. 4. Diagram shows how the
sound waves reach a person
listening to a large source.

LISTENER

38. Direct/reflecting  speaker  systems
make the source (speaker) sound larger than
its physical size.

Fact: If you arc listening to an orchestra
as in Fig. 4, an instrament at the left pro-
duces equal-intensity sounds which arrive at
both ears simultaneously. Now, if an instru-
ment at the extreme right is plaved, the
sound hehaves differently, arriving slightly
earlier and slightly louder at the right car
than at the left. The hearing mechanism
interprets this in terms of divection.

To make the sound source appear to he
larger than it reallv is, it is necessary to
have different kinds of sound coming from
different parts of the apparent source. A
direct/reflecting speaker system which ac-
complishes this is shown in Fig. 5. The sound
from speaker A is reflected from the wall,
behaving as though it originated from phan-
tom speaker A’ located behind the wall. The
reflected sound is somewhat attenuated and
changed in frequency response hecause the
wall does not absorb all frequencies equally.
The direct sound from speaker A also
reaches the listener, as shown by the curved
lines. The noncircular shapes of the curves
indicate that the midrange is less intense
off the axis of speaker A—thie high fre-
quencies arc attenuated even more. (Re-
ﬂecting speaker B Dehaves in a manner
similar to that of speaker A except that its
sound is slightly dilferent in character.) Di-
rect speaker C operates like any other con-
ventional speaker.

The paths traversed by the sounds reach-
ing the listener are of diflerent lengths,
causing differences in arrival times among
them and between the left and right ears.
The combination of differences in intensity,
frequency response, and time combine to
give the listener a sense of a broad source
of sound.

39. Reflecting speaker systems have an
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effective frequency response that is highly
dependent on the reflecting qualities of the
walls behind them.

Fallacy: This type of spcaker svstem is
usually equipped with equalization controls
which permit the user to compensate for the
high-frequency absorption of the wall behind
the speaker. Most wall coverings increasing-
ly absorb treble as the frequency increases
so that a smoothly rising equalization curve
is casily adjusted to produce an effectively
uniform frequency response.

40. A defectice loudspeaker can produce
a humming noise.

Fallacy: A loudspeaker is incapable of
originating sound. Tt can only reproduce
electrical signals fed to it. If hum exists,
look to the equipment preceding the speaker
svstem for the trouble.

41. Decorative grilles on the front of a
speaker enclosure can exert a detrimental
effect on frequency response and directional
characteristics.

Fact: Grilles with a very large percentage
of openings have very little cflect. Any solid
materials wider than about %”-wide can block
ofl some high frequencies if located in front
of a midrange speaker or tweeter. They
can also create “dead” or “hot” spots at
various listcning zmgles.

42. All obstructions in front of a loud-
speaker are undesirable.

Fallacy: Acoustic lenses consist of ob-
structions such as spaced and shaped bars
or a scrics of holes in a plate which are

Fig. 5. This diagram shows how the

direct-reflecting  loudspeaker works.

Al

WALL

EQUAL
INTENSITY
REFLECTED
SOUND

REFLECTED SOUND
LISTENER
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Fig. 6. Effects of directional speakers.

designed to improve the directional charac-
teristics of a loudspeaker.

43. A good speaker system is usually
rather heavy.

Fact: High-quality speaker systems gen-
erally require heavy materials like iron,
copper, and lumber. However, weight alone
does not guarantee quality.

44. Electrostatic speaker systems exhibit
less distortion than do dynamic speaker
systems.

Fallacy: There is no virtue inherent in
any given type of speaker system.

45. Speaker systems are sometimes de-
signed to create the impression of good bass
response when in fact they reproduce little
deep bass.

Fact: A region of clevated response
around an octave below middle-C re-
sults in a deep-throated “boomy” sound
which simulates bass response. This trick is
perhaps justifiable when really good bass
response is difficult to attain, as in aulo-
mobile speakers, but it does not belong in
hi-fi reproducing systems. The artificial ef-
fect is casily detected, especially when a
male voice is reproduced.

46. Speaker systems for sterco should be
directional.

Fallacy: In the average listening room,
it is best for speaker systems to be us non-
directional as possible. The ideal listener lo-
cation is midway between the speakers and
some distance forward, placing the listener
considerably off-axis as shown in Fig. 6. The
speakers must distribute sound unformly
throughout the frequency spectrum. Any loss
of highs (which play the principal role in
establishing the location of a source in
stereo) will reduce the stereo effect.

47. Four-channel sound reproduction re-
quires full power and frequency range in
the rear speaker systems.
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Fact: While it is true that the hall
reverberation reproduced by the rear chan-
nels usually has less high-frequency content
and is lower in intensity than the direct
sound, modern music is taking advantage of
“surround sound” which can have as many
as four groups—one on each channel—play-
ing. These applications require full power
and full range on all four channels.

48. Speaker measurements are all very
good, but final judgments must be made
by means of listening tests.

Fact: It is probably true that a speaker
system with a perfect frequency response,
ideal distribution pattern throughout its
range, and low distortion would sound
great. Unfortunately, real speakers fall far
short of this ideal. When compromises must
be made, it is extremely difficult to evalu-
ate the results of measurements. Speaker
frequency response curves have numerous
peaks and valleys. The height, hroadness.
and locations of these have various effects
on the sound quality and it is not possible
to predetermine exactly how one speaker sys-
tem will sound compared to another simply
by observing the deviations from a flat
response.

49. Measurements cannot be used as a
guide to the performance of a speaker
system.

Fallacy: In a negative sense, performance
curves permit the evaluation of the quality
of a speaker system, mainly because they
are useful in revealing defects. Good re-
sults imply the probability of good aural
performance, but they are not definitive
except with speaker systems of verv high
quality.

50. Response curves are not published he-
cause they usually indicate poor performance

Fallacy: Test results require a lot of skill
and experience for proper intepretation. The
average buyer lacks such expertise. So, it is
because of potential false conclusions on
the part of the buyer that the manufacturer
opts not ta publish response curves.

In Conclusion. We do not pretend that our
presentation is as comprehensive as it could
be if given unlimited space. Nor is it con-
ceivable that all questions about loudspeak-
ers and speaker systems have been answered
for all time. Our sole purpose has been to
decrease the number of fallacies popularly
associated with an, at best, controversial
subject. 2

63




Build a GENERAL-PURPOSE ALARM

SIREN-LIKE WAIL CAN BE TRIGGERED BY A NUMBER OF SOURCES

BY TRUETT BROWN

HERE ARE many different types of in-

trusion alarms. They all have one pur-
pose—to detect the presence of an intruder
and sound the alarm.

However, there are many applications for
alarms that do not involve an intruder.
These include signalling the presence of
unwanted moisture or liquids, the presence
or absence of light, the removal of a small
object, and the unwanted opening of a door
by a child or animal. What is needed then,
is a general-purpose alarm that can be
triggered by a varicty of stimuli.

The circuit for a basic alarm is shown in
Fig. 1. Transistors Q1 and Q2 form an audio
oscillator with the speaker representing the
collector load for Q2. The frequency of os-
cillation is determined by C4 and the volt-
age across C3. The charge on C3 comes
from the positive line through R3, R4, and

R5. When the dc voltage across C2 reaches
a level determined by the spring adjustment
of K1, the relay pulls in allowing the con-
tacts to open so that both C2 and C3 dis-
charge. As C3 discharges, it causes the
audio tone to gu down in frequency. As the
voltage across C2 drops, the point is reached
where the relay contacts close to repeat the
cycle. As C2 and C3 charge and discharge,
the oscillator frequency simulates the rising
and falling wail of a siren.

The circuit is triggered into operation
only when SCRI is in a conducting mode.
This, of course, means that some positive
going voltage must be applied to the gate
input connector of TBI (positive with ref-
erence to the neg input). Figure 2 shows
some examples of how such toggling can
be obtained. .

In Fig. 2A (a break-wire trigger), when

|+ 2
R33

Cl=T~ 50n%

+ 'l 100pF R4 RS ca
20K Re oK -05¢F|
,,,,,, '(_T
L] A B
PoS|(ZH (92
HEP230
6ATE((Z)
b Ql
I RI 3Rre HEP724
nes| D) 1.5K $68K
T8I S +
b c2 c3
L 2000pF 304F
2Ry
= $a7k

PARTS LIST

BI—9-volt battery
C1—100-uF, 10-volt electrolytic capacitor
(€2—-2000-uF, 15-volt electrolytic capacitor
(3—30-uF, 6-volt electrolytic capacitor
C4—0.05-pF ceramic disc capacitor
K1—1000-0hm, 50-mW sensitive relay

(Sigma 11F-1000-G/SIL or similar)
(O1—2N2712, HEP724 transistor
(2—HEP230 transistor
RI1—1500-0hm, Ye-watt resistor
R2-=1330.0hm. Ye-watt resistor

Fig. 1. The siren-like wail is produced by the changing voltage on capacitor C3,
which is controlled by the operation of K1. Operation of SCR1 turns on the system.

R3—150-0hm, Ya-watt resistor
R4—27,000-0hmn, Yo-watt resistor
R5—6800-0hm, Va-watt resistor
R6-—68,000-0hm, Va-watt resistor
R7—47,000-0hm, Va-watt resistor
S1—Spst switch
SCRI—HEP RI1221 silicon controlled
rectifier
SPKR—8-ohm speaker (see text)
TBl—Three-lug terminal strip
Misc.—Battery clip, mounting hardware,
suitable chassis, etc.
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the wire is opened, a positive-going pulse
is applied to the gate of SCRI. This circuit
can be used for closet doors, toy chests, ete.
If desired, a magnet-operated, normally
open reed switch can be used. Since it is
battery-operated, this system can be
mounted over a hotel or motel door to
signal the opening of the door.

The photo-trigger sensor shown in Fig.
2B can be used to signal the presence of
unwanted light in an unattended photog-
raphy darkroom or the illicit turning on of a
light in any room. The potentiometer is
used as the sensitivity control. The water-
level sensor shown in Fig. 2C can be used
in basements, boat hilges, etc. to sound the
siren-like wail when water gets above a
predetermined level.

You can also connect a simple normally
open switch between the positive and gate

| -o
Fig. 3. Foil pattern and component o v

layout. K1 and C2 are not on board.
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SCRI i) ! £
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Fig. 2. Three typical trigger circuits.
(A) is for break-wire; (B) is light
controlled; (C) is water level sensor.

terminals of TBI to turn on the alarm when
the switch is closed. There are any number
of mechanical arrangements for this appli-
cation. In an automobile, the alarm can be
powered from the vehicle battery and used
to signal the presence of voltage on any
desired line—turn signals, parking lights,
backup lights, ete. If wired to the dome
light with the siren output capacitor coupled
to an audio amplifier, the circuit serves as
a burglar alarm.

Construction. Although any type of con-
struction can be used, the foil pattern and
lavout shown in Fig. 3 provide a good,
trouble-free arrangement. Note that KI and
C2 are mounted oll the hoard.

In the prototype, an 8-ohm speuker was
connected to the board, but you can increase
the volume somewhat if you use a conveu-
tional transistor output transformer, with the
secondary matched to the speaker imped-
ance. For coupling to an audio amplifier,
interconnect the common negutives and use
capacitor coupling from the collector of Q2.
Adjust the pull-in spring of the relay so that
it cuts in and out at the upper and lower
voltages (charge on C2) desired. @®

N
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SIMPLE
SOLID-
STATE

CIRCUITS

for
the
Experimenter

BASIC APPROACH ENABLES
ANYONE TO “ROLL HIS
OWN"” AMPLIFIER

B8Y JIM HUFFMAN

OU DON’T have to be a mathematical

genius to design a simple solid-state
amplifier. All you have to do is follow some
basic rules, cut-and-try a little, test the cir-
cuit, and there it is! The mathematics in-
volved in complete, top-level circuit design
require the knowledge of a graduate engi-
neer; but, unless the circuit is critical, there
are some shorteuts that can be used by the
serious  electronics experimenter. These
shorteuts yield “ballpark” figures that work
well with components having 5% or 10%
tolerances.

To explain what we mean by shortcuts
and simp]icity, we will use as an example
the design of a microphone preamplifer. In
this design, math is at the high school level,
and Ohm’s Law is the most complicated
formula involved. Al the designer has to
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do is “plug in” the numbers necessary for
his particular application.

Preamplifier Design. Suppose you want
a microphone preamplifier that will match
a low-impedance dynamic mike to a modu-
lator or power amplifier with an mput
impedance of one megohm. (In other words,
you want to make the dynamic mike “look”
like a crystal mike.) Note, however, that
the same procedure described here could be
used for matching an imput device of any
impedance to any circuit impedance simply
by changing the necessary figures and using
the appropriate transistor.

The design is accomplished in eight easy
steps:
® 1. Write down all the pertinent facts
about the circuit (see Fig. 1). It was de-

CIRCYIT FACTS:
LMUYST YSE & T-VOLT PORER SuUFFLY

2, IMPYT IMPEDRNCE (S 3000 aMifs (DNAMIC MRE)
3, OUT P IPEDRVEE MUST BE [/ MEGOHN
VEREQUENCY IS RANGE FROM 100 70 3oco e

Fig. 1. Write down basic circuit facts.

termined (by tests) that the output of a
crystal mike hits a maximum of 0.5 volt
(roughly that of a crystal phonograph pick-
up). The dynamic mike was connected to
a VITVM, and a no-load output voltage of
0.1 volt was measured when speaking loudly,
so a normal level of 0.05 volt was used.
Thus, the voltage gain required of the
amplifier is about 10 (0.5/0.05). Since these
are very rough approximations, a final volt-
age gain of at least 20 was decided upon.

SEMICONDUCTOR FALTS:
2N6TT

S/L/ICON

NPN

LB=40-120 AT /50 mA

Ve = 4O VOLTS

7 =40 MHz - e
QUR.FRED = Blaj6H) =720
O.33 MMz (COMMON EMITTER)

Fig. 2. Consider transistor characteristics.

® 2. Write down all available facts about
the transistor. Since we have a 2N697 in
our junk box, we decide to try it (see Fig.
2). The 2N697 is silicon, so it is stable
with temperature. It is an npn and has a
beta between 40 and 120 when the current
is 150 mA. Usually, we use the lowest beta

POPULAR ELECTRONICS Including Electronics World
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2 /W= 30000
Z OUT =5 /IMEGOHM
VOLTAGE GAIN 2= /0
CAN'T USE /. COMMON COLLECTOR (EMITTER FOLLOUWER ) -NO GAVN
CAN'T YSE =2, COMMON BASE -LoW INPUT X
3. COMMON EMI TTER
4+ COMMON COLLECTOR- M/ &

Fig. 3. These are circuit parameters.

figure, but since the 150 mA specified for
the 2N697 is considerably more than we
need, we use a beta of 50. Since we are
using a nine-volt supply and the breakdown
voltage, VcE, is 40, the device should be
safe.

The gam-bandwidth product, fr, for the
2N697 is 40 mHz. Dividing this value by the
highest beta (120) gives a maximum fre-
quency of 330 kHz, when the device is
used in the common-emitter confignration.
This is well above the 3-kHz maximum fre-
quency required.
® 3. Decide on a configuration, using the
facts in Fig. 1. The parameters selected are
shown in Fig. 3. The input impedance may
be hard to achieve with a common-base
amplifier; and since the voltage gain is more

Fig. 4. Two circuit configurations.

the  COMMON EMITTERMWITH BYPASS)
5

U G. = VOLTAGE GAIN
L.6.= CURRENT GA/N
EIN=WPUT IMPEDANCE
Z Ol T=OUTPUT MPEPANCE
8= BETA

R =LOAD RESISTOR
’[ Le=EMITER RESISTOR

V6 (R /ZMN I8
.62 0.98
ZINZ2 B(26/Tg MAX))

ZOoUT= R A)
Vee +vee
COMMON COLLECTOR
CEMITTER FOLLOWER)
Rg RE
rvie. 2 1
I.6.20.98
ENE BRE
Bour2 ZIN/S B)
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than unity, the common-coltector approach
can't be used. The common emitter (Fig.
4A) looks good except that the input im-
pedance is higher than that normally as-
sociated with a common-emitter circuit. So
we have to add another stage (emitter fol-
lower) to raise the input impedance (Fig.
4B).

® 4. Now we can draw a preliminary de-
sign, such as that shown in Fig. 5. The
battery supply is included, capacitors are
marked for polarity, and components are
numbered for reference,

COMPON Common
COLLECTOR __ EMIFER
L
RE R PV —

663 .
22 M au?é/’d/‘

Fig. 5. Draw basic circuit diagram.

Note that single-battery bias is used. This

bias method provides better results as far
as temperature stability and other factors
are concerned. Alsg, contrary to some be-
liefs, this is the easicst system to design.
e 5. Culculute the data as shown in Fig. 6,
using the data supplied in Fig. 4A for
the common cmitter stage and Ilig. 4B for
the emitter follower.

The most critical parameter for the emit-
ter follower is the output impedance. The
latter is approximately equal to the input
impedance divided by heta, or 3000/50. So
the output impedance (or the emitter re-
sistance) should be 60 ohms or more. This is
easy to achicve since the imput impedance
of the next stage is probably greater than
60 ohms. The actual emitter resistor is R3,
and to avoid as little loss as possible, we
choose it to be ten times the 60 ohms de-
cided on for the emitter resistance. Thus, R3
= 600 ohms or more. The “or more” tells us
which way to go il we have to use other
than a 600-ohm resistor.

For stability, R2 should be about 10 times
R3 or 6000 ohms.

The value of RI depends on the value of
bias current chosen. Since the stage is a
voltage amplifier, and since a 9-volt supply
is used, there should be about 4 volts across
R3 (ineluding a 1-volt drop across the
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transistor). Thus, the voltage at the base
of the emitter follower should be four volts
when there is no input signal. To achieve
this drop across R2, Rl has to be 7500
ohms.

For the common emitter stage, R7 is a
non-critical value in most cases and can be
“picked out of the air”” If the wrong value
is chosen, we will find out later in the de-
sign. A good value to choose for R7 is
1000 ohms.

In this stage, as before, R5 is 10 times
R7 or 10,000 ohms.

The value for R6, which must be chosen
before R4 can be determined, will be ap-
proximately equal to the ontput impedance
of the amplifier. The modulator or power
amplifier input is a voltage amplifier be-
cause of the high impedance. Since the out-
put of the preamp is required to be a
voltage generator, the output impedance can
be much less than the input impedance of the
modulator or power amplifier. The stage
need not transfer maximum power, only
maximum volts, so the impedances need not
match. Essentially, the entire output voltage
from the common emitter stage will be
felt at the input of the amplifier if the out-
put impedance is less than about 1/10 of
the input impedance of the amplifier. In
fact, 1/100 would be a better figure, so R6
is chosen to be 10,000 ohms. Normally, at

Fig. 6. Determine the resistor values.

COMMON COLLECTOR

SROM 1645

ZEwm =3000 0

Rg = 60 L1
RE=/ORg = £00 L2
R2= /ORI = €000 12
R/ = 7,500 L0

FROM FIG 4 A

£4 —SEE TEXT

RE=[ORT = /0,000 ry
RE=LINUT Z OF NEXT STAGE
OR /6,000 N0

Zagx = Lepgay = /6000=.75mA
RT - SEE TEXT

68

this time, R6 would be considered in re-
gard to the desired voltage gain. A quick
check shows that the 10,000-ohm value
provides a gain of over 20.

To make sure that the output of the
amplifier is dass A (and since Q2 is a
current amplifier,) the bias through R6 is
chosen to be half of its maximum vahle.
The maximum current through R6 will be

(=74

- BIR2Z == 33000(2w>
RI+R2. 33002+ (Z/m)

Fig. 7. Convert to equivalent ac design.

= A

about 0.73 mA (1-volt drop in the tran-
sistor) or about 0.36 mA at the class A
bias point.

Resistor R4 is selected to provide the
0.36-mA bias current. There should be about
0.36 volt across Rl with bias current flow-
ing. Since this is a small voltage, we must
take into account the 0.8-volt drop at the
base-emitter junction of the transistor. Thus
the voltage at the base of the transistor
must be 0.8 + 0.36 or 1.16. Resistor R4
is chosen to provide 1.16 volts across RS5.
This turns out to be about 68,000 ohms.
® 6. To calculate the ac values, redraw
the circuit showing all bypassed resistors
as shorts to ac and the input impedance of
the following stage as resistors (Fig. 7). Note
that RI and R2 in parallel form R,, which
is in parallel with Z,, of the emitter fol-
lower to form the amplifier input impedance
Since the input impedance of the emitter
follower is dependent on the input im-
pedance of the common emitter, we must
determine the latter from Fig. 4A. Since
I. = 0.36 mA and beta is 50, the input
impedance is 3600 ohms. The latter is in
parallel with R4 and R5, the bias resistors.
The parallel value of R4 and R5 is approx-
imately 8800 olims, which, in parallel with
3600, comes to about 2560 ohms.

The 2560 ohms is paralleled by the emit-
ter follower's own R3 so the emitter sees
about 500 ohms. The emitter follower in-
put impedance becomes 500 times the beta
or 25,000 ohms.
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The input impedance of the entire ampli-
fier is Rix (3600) in parallel with 25,000
or 3000 olms, which is what is desired. If
the values were found to yield an overall
input impedance which was not 3000 ohins,
the components would have to be adjusted
appropriately.

The voltage gain of the amplifier depends
on the gain of the common emitter stage,
which, from Fig. 44, is about 140. Thus the
amplifier meets the gain requirement of at
lIeast 20.

Capacitor values are chosen so that the
response at 100 Hz is -3 dB. So, we lump
the impedances associated with a particu-
lar capacitor and solve for an equivalent
Xc. Since the input impedance is 3000
ohms, X1 = 3k and CI is 0.5 pF (X¢ =
1/2xfC). Keep in mind that, if you cannot
hit this value, a larger capacitance will only
lower the response and probably won’t be
undesirable.

Bypass capacitor C4 is associated with a
1000-ohm resistor and its value will be
close to 2 #F. Capacitor C3 and the 10,000-
ohm output impedance combine for a value
of 0.2 uF; and the reactance of C2 must be
500 ohms so its value is about 3 uF.

Insert all of the above figures into the
circuit as shown in Fig. 8.

Fig. 8. This is the final circuit layout.

e 7. Breadboard the circuit. When sub-
stituting resistor values, keep the same ratio
between the values and increase or decrease
until you come close to something you have.
For instance, assume you do not have a
7500- or 6000-ohm resistor for RI or R2.
You know the values can go up, so find the
ratio of RI/R2—which is 1.25. An increase
in both values will merely raise the input
impedance, which is not objectionable. Thus,
as shown in Fig. 8, RI and R2 were changed
to 12k and 10k, respectively, since they
were readily available.
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Fig. 9. Testing input/output impedances.

If you want to change the value of R3,
you will have to go higher, since lowering
its value would lower the 3000-ohm input
impedance. Keep in mind that, in some
applications, the impedance may not be
allowed to be different from that calculated.

Now we can build the circuit, apply
power and check the voltage levels at the
emitters of both transistors. This tells us
whether the bias values are correct. It also
tells us whether or not the circuit will op-
erate. Then we connect it to the other de-
vices (mike and power amplifier) to see if
the whole thing works.
® 8. You may not wish to perform this last
step, but if you have an audio generator,
use the hookups shown in Fig. 9 to measure
the important parameters of the circuit.
Figure 9A is used to measure input imped-
ance. Adjust RI until the voltage at the in-
put is bhalf its maximum value. (The value
of R1 should be greater than the estimated
input impedance of the amplifier. Then re-
move RI and measure its rotor-to-end re-
sistance.

This value will be approximately the same
as the input impedance of the amplifier.

The output impedance is measured in the
same way by adjusting R2 in Fig. 9B. The
voltage gain is found by using the circuit
in Fig. 9C and dividing the output by the
input. Frequency response is found by ad-
justing the frequency until two points are
obtained at which the output is 0.707 times
the maximum. These are the upper and
lower 3-dB power-loss points.

Now the design is complete. The checks
should show any values that need adjusting.
Parts can now be purchased, printed cir-
cuit boards can be etched, etc., etc. @
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Aquarium
Heater

Control
for
Fish

Fanciers

AND PHOTOGRAPHERS,

CHEMISTS, AND ANYONE ELSE
WHO NEEDS STABLE,
PRECISE TEMPERATURE CONTROL

W HILE virtually all IC's were originally

designed for commercial applications.
quite a few have filtered down to the
hobbyist and experimenter. One of the
more interesting IC’s to follow this
route is RCA’s CA3059 trigger circuit
for the control of thyristors. Almost by
itself, this IC is a complete electronic
control system for immersible and non-
immersible heaters. This means that the
tropical fish keeper, the amateur and pro-
fessional photographer, and the chemist
can now have an inexpensive, highly
accurate heater control.

The CAB3059 eliminates the instabil-
ities present in the typical bimetallic
thermostatic heater by replacing the
mechanical contacts with a triac and em-

BY A. E. DONKIN
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ploying a totally electronic interface.
Among its many features, the IC includes
zero-voltage switching; which means
that triggering for the triac is provided
only at the points where the 60-Hz line
power voltage crosses the zero axis.
Hence, rf noise is eliminated without
having to resort to bulky and expensive
line filters.

The electronic heater control de-
scribed here will maintain anv preset
temperature within its range of control
to very tight limits. With the components
specified, the system will handle output
loads (heaters) rated at up to 200 watts.
However, a higher power triac can be
substituted to cope with higher power
requirements.

Theory of Circuit Design. The CA3059
is a fairly unique integrated circuit. In
addition to its triggering circuit, the IC
also contains a power supply and a dif-
ferential amplifier. This minimizes the
external circuitry to a handful of com-
ponents as can be seen in Fig. 1.

The onlv external components nerded
are thermistor temperature sensor THI,
temperature control resistor and poten-
tiometer R1 and R2, triac Q1, and the
dropping resistor and filter capacitor R3
and C1 for the power supplv. The power
line is fused by F1 as a safety measure,
and neon lamp/resistor assembly I1/R4
are optional items that give a visual indi-
cation of the operational status of Q1.

In operation, the heater to be used
with the system is plugged into SO1 and
the line cord is plugged into any con-
venient 117-volt ac receptacle. Both tem-
perature sensor TH1 and ‘the heater are
then immersed in the same water or so-
lution (but no less than 2” apart), and
R2 is adjusted to the position that will
maintain the water at the desired tem-
perature.

Assuming that the water was origi-
nally cooler than desired, the system
should trigger on as soon as the heater
and TH1 are immersed and power is ap-
plied to the circuit. While the system
is active and triggering Q1 into conduc-
tion, I1 will light to show that power is
being applied to the heater.

At some time during the heating proc-
ess, the water will attain the desired
temperature, at which time TH1 will in-
itiate action to stop the IC from trigger-
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PARTS LIST

C1—100-uF, 35-volt electrolytic capacitor

Fl—2-.ampere fuse

[1—-NE2 neon lamp

1C1—C.A3059 integrated circuit (RCA)

(1-—40532 triac (RCA)—see text

R1—2200-0hm, Ya-watt resistor

R2—2500-0hm, linear-taper potentiometer

R3—10,000-0hm, 2-watt resistor

R4—47 000-0hm, Ya-watt resistor

SO1—Chassis-mounting ac receptacle

THI—Fenwall JA33]1 thermistor

Misc—8-long glass tube; perforated phe-
nolic board and push-in salder clips; Bake-
lite chassis box; fuse holder; ac line cord
with plug; solid and stranded hookup
wire; lamp bezel with lens for 11; insulat-
ing tubing and air hose; solder; hard-
ware; etc.

Fig. 1. Only a few external components
are needed with IC1 to make control.

ing Q1 into conduction and shut off
the heater. As long as the water tem-
perature remains constant at the preset
level, the system will remain passive.
However, if the water temperature
should fall below the preset level, TH1
will sense the event and initiate the proc-
ess for resuming triggering Q1 and turn-
ing on the heater.

Assembly. There is nothing critical
about the layout and wiring of the main
circuit just as long as proper soldering
precautions are exercised. In Fig. 2 can
be seen how the prototype was assem-
bled using a small piece of perforated
phenolic board and push-in solder clips.

Interconnecting wiring was routed along
the bottom side of the board.

The sensing element probe assembly
consists of a 0.01”-diameter disc therm-
istor mounted inside a glass tube one end
of which is sealed. To make this assem-
bly, use a high-heat flame to bring the
end of the glass tube to red-hot tempera-
ture and draw out the softened glass un-
til it seals itself. Then hold the sealed
end of the tube in the flame again until
the sharp point rounds off.

Twist together two 36” lengths of flex-
ible stranded hookup wire. Slip a 3"
length of insulated sleeving over the end
of one wire, and solder both conductors
at this end to the thermistor leads. Slide

Fig. 2. Simplicity of circuit is responsible for easy layout of components on
perforated board. Note that, since line voltages are exposed in several places
in circuit, insulating Bakelite box should be used for the chassis enclosure.
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178 THICK PLEXIGLASS

Fig. 3. Sensing probe assembly mounts
on plastic bracket with cable clamps
and #6 hardware. Do not overtighten
clamps or the glass tube will break.

the sleeving down over the thermistor
lead. Then check to make sure that the
thermistor's leads do not short out
against each other with the sleeving in
place.

Now, carefully slide the thermistor into
the open end of the tube until it sits
against the closed end. Fashion a mount-
ing bracket for the probe assembly from
s”-thick Plexiglass and mount the probe
assembly to it with a pair of plastic-
lined cable clamps as shown in Fig. 3.
Then slip a 6” length of plastic or rubber
air hose over the free and of the twisted
wires and force it down over the oven
end of the glass tube for about %” as
shown. Connect and solder the free ends
of the wires to the appropriate points
on the circuit board.

Test and Use. After the control system

is assembled, an easy test to check out
its operation can be performed with the
aid of a 40- or 60-watt incandescent
lamp as the load. (Note: Since line volt-
age is used at several points in the cir-
cuit, exercise extreme caution when
working with the circuit without the
cover on.) Turn up the heat control, R2,
until the lamp lights.

Bring the sensing probe near the light-
ed lamp; after a short lag, the lamp
should extinguish as a result of the heat
transfer from the lamp to the thermistor.
Keep the probe assembly near the lamp
after it goes out, and a few seconds later,
the lamp should again trigger on. If the
probe is held near the lamp for a consid-
erable time, the lamp should cycle on
and off.

Now you are ready to put the control
system into service. If you already have
a bimetallic thermostatic heater, turn
its control up for a high temperature.
Plug it into SO1 on the control box. (If
you do not have a heater. use one of the
non-controlled submersible heaters found
in pet stores.)

Advance the heat control to the de-
sired setting, making sure that the probe
and heater are both immersed in water.
Wait until the water temperature stabi-
lizes before making any small adjust-
ments of the control.

If the control system is to be used just
for tropical fish acuariums, rough setting
of R2 will suffice, However, for more crit-
ical photography bath and chemical so-
lutions, it is advisable to calibrate the
control setting with the aid of an accu-
rate thermometer. %

Dry-transfer lettering kits have made
a simple job of prettying up front pan-
els of home-made projects. But keeping
the markings from wearing away or
scratching off is a big problem. How-
ever, there is a simple way of rugged-
izing the markings to bear up under
even extra-heavy usage. After finishing
off the front panel and applying the
lettering and markings, cut some trans-
parent Contact (a flexible adhesive-
backed vinyl) to dimensions 14” larger
than the length and width of the panel.

CONTACT PROTECTS PANEL MARKINGS

Strip off the protective backing and
tack the Contact, adhesive side up, on
a flat surface. Now, carefully lower the
front panel onto the Contact, roughly
centering it. Do not attempt to lift the
Contact off the panel from this point
on or the lettering and markings will be
destroyed. Remove the tacks and firm-
ly burnish down the Contact, pricking
any air bubbles with a sharp pin as you
proceed. Finally, use a sharp knife to
trim away the excess Contact flush
with the panel edges. —Richard A. Kunc
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SlowTurn-On
Protects |

PowerSupply

BY FRANK TOOKER
RDINARILY, when a power supply is

switched on from a cold start, the instan-
taneous voltage drop across the filter ca-
pacitor is zero. Hence, at the instant of
turn-on, the rectifier and power transform-
er “see” a short circuit. Not until the
filter capacitor becomes charged does the
power supply operate normally.

Although solid-state rectifiers can ab-
sorb a very high momentary current surge
without breaking down, it would be better
all around if the turn-on could be delayed
to eliminate the instantaneous surge.

The schematic diagram shows how to add
the simple delaying network to an existing
power supply circuit. Notice that the de-
lay network is installed between the recti-
fier and filter capacitor.

The operation of the network is simple
and virtually foolproof. Capacitor Cl has
no voltage drop across it when no voltage
is applied to the power supply. So, the
voltage at the base of QI is zero at the
instant of turn-on. Now, when the power
supply is switched on, CI begins to charge
up though RI. The rate of charge depends
on the values of C1 and RI; the higher the
values, the slower will be the charging rate.

As the voltage across C1 increases, current
begins to flow from QI's collector to its
emitter, charging the supply’s filter capac-
itor. The rate of charge for the filter follows
the rate of charge on CI almost exactly.
A charging rate of from 0.5 to 1.0 second,
from zero to full charge, has been found
to be more than adequate for most appli-
cations.

]
TO POWER SUPPLY 2N3055 POWER
FILTER CAPACITOR r—.—SUPPLY
RECTIFIER
>Rl
.L
cl
2200yF

Put more
punch in your work.

With a Greenlee Chassis Punch you can punch
clean, true holes in seconds. Round, square,
key or D. In 16-ga. metal, hard rubber, plastic
or epoxy. Available at radio and electronics
parts dealers. Write for catalog E-730.
Greenlee Tool Co, 1764 Columbia Ave., Rock-
ford, lil. 61101,

GREENLEE TOOL CO

A Unit of Ex-Cell-0 Corporation (XLG 4,
CIRCLE NO. 44 ON READER SERVICE CARD
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Versatile

Little
Tordl

for Your
Workshop

F s

o f- "

An amazing new miniature torch brazes, welds, solders
and heats with surprising precision. You solder any
appliance electrical part, You weld auto parts, braze
household devices and toys easily, with professional
accuracy, at half the normal cost. The Little Torch
welds any size metal from tiny 002" wire to 16 gauge
steel. Is economical to use, easy to operate—an invalu-
able addition to your home and workshop tools. Send
for your FREE brochure telling
all about the Little Torch,
today.

(U.L. APPROYED)

DEPT. 9-33

2600 NIAGARA LANE NO., MINNEAPOLIS, MINN. 55441
CIRCLE NO. 43 ON READER SERVICE CARD

73




BUILD YOUR OWN
BELL & HOWELL SOLID STATE
25-INGH GOLOR TU!

Learn new skills

that could lead to

a business of your own
—full or part time—

in home entertainment
electronics.

For free information,

fill out

postage-paid reply card,
detach and mail today!
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Earn extra money part time...
or start a full time business of your own!

Bell & Howell Schools has helped many thousands
of people start new careers or businesses of their
own in electronics. You may earn extra money—or
start a business of your own in color TV servicing—
with the skills you acquire through this exciting new
program.

Not just a “kit”"—a complete at-home learning
program in home entertainment electronics!
You'll enjoy the challenge of this new learn-at-home
program from Bell & Howell Schools. Not just a
"kit"—a complete learning program prepared by
skilled instructors.

Enjoy the personal satisfaction of building

your own color TV

You'll find it especially absorbing to build this
superb color TV set. And you'll take pride in it
because you did it yourself!

Follow simple, step-by-step instructions

This color TV project is part of a complete step-by-
step program prepared by skilled instructors. If
you'd like some personal advice, attend a special
“help session” and meet a Bell & Howell Schools
instructor in person!

Master the most up-to-date solid-state circuitry
As color TV moves more and more in the direction
of total solid-state circuitry, you'll be thoroughly
familiar with the most advanced ‘“‘trouble-shooting"
techniques for these sophisticated circuits.

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

The thorough knowledge of electronics you gain
from completing this course and building your own
color TV set will be more than enough to service
any type of home entertainment electronic device.

Exclusive Electro-Lab®—yours to keep!

To make sure you get practical experience with
instruments used daily by professionals, we've inte-
grated into your program three precision instrument
kits you assemble yourself and keep: a Design Con-
sole, an Oscilloscope and a Transistorized Meter.
(See details at right.)

CONSIDER THESE ADVANTAGES:

Help Sessions Scheduled regularly every few Sat-
urdays at the Bell & Howell Schools and in many
other cities throughout the U.S. and Canada. Top
instructors give you personal help and guidance.

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

Lifetime National Placement Service When you
complete your course, we help you locate a position
in the field of Electronics that fits your background
and interests. This unique service is available at
any time—now or in the future—at no additional cost.
Veterans’ Benefits We are approved by the state
approval agency for Veterans' Benefits. Check the
box for details.

Student Financial Aid We are an eligible institu-
tion under the Federally Insured Student Loan
Program. Check the box for details.
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Detach postage-paid reply card
below and mail today for free
information about...

B Bell & Howell
solid-state 25-inch
color TV Ultra-rec-
tangular 25-inch diag-
onal with full 315 sq.
inch screen. Lets you view
more of the transmitted
image. 25,000 volts . . . 45

transistors . . . 55 diodes . . . 4 advanced IC's . . .
3-stage solid state IF . . . solid state VHF, UHF
tunefs . . . automatic fine tuning and many other

quality features.

s Design Console Use this to rapidly ‘‘bread-
board” circuits without soldering. Equipped with
built-in power supply . . . test light . . . speaker . . .
patented plug-in modular connectors.

m Oscilloscope Portable 5-inch wide-band oscil-
loscope offers bright, sharp screen images . . .
calibrated for peak-to-peak vcltage and time meas-
urements . . . 3-way jacks for leads, plugs, wires.

® Transistorized Meter Combines most desired
features of vacuum-tube voltmeter and quality multi-
meter. Registers current, voltage and resistance
measurements on a large, easily-read dial. Features
sensitive, 4-inch, jewel-bearing d’Arsonval meter
movement.

For Free Information,
Mail Card Today!

If card has been removed, write:

DeVRY INSTITUTE OF TECHNOLOGY 331
ONE OF THE

BELL & HOWELL SCHOOLS

4141 Belmont, Chicago, lllinois 60641
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DUAL 1218 AUTOMATIC TURNTABLE
(A Hirsch-Houck Lab Report)

HE Model 1218 is a new member of

Dual’s line of high-quality automatic
turntables. It replaces the former Model
1209. In features and performance, the
1218 closely resembles the top-of-the-line
Model 1219—at a considerably lower cost
of $139.50. (An optional walnut base is
available for $10.95.)

The Model 1218 is a three-speed turn-
table with a vernier adjust control which
provides a total range of about 6 percent at
each of the nominal speeds. The synchron-
ous motor drives a 10%”-diameter, 4-pound
non-ferrous cast platter. (This is one of the
points of difference between the 1218 and
1219; the latter has a larger and heavier
platter.)

The tonearm, supported on gimbal bear-
ings (like the 1219), is balanced by a ro-
tating threaded counterweight which is iso-
lated from the arm by an elastic damping
section. A coiled spring within the pivot as-
sembly applies the downward tracking
force; a dial, calibrated at 0.25-gram inter-
vals from 0.25 to 5.5 grams, is used for set-
ting the force. A separate knob on the mo-
torboard is provided for setting the anti-
skating correction. It has separate scales for
conical and elliptical styli calibrated to
match the tracking-force dial.

To maintain an approximately correct 15-
degree vertical tracking angle whether play-
ing a single disc or a stack of up to six
discs, the turntable has a tilting cartridge
mount. A small knob on the side of the
slide-on plastic cartridge holder is marked
S for single and M for multiple play. It can
be used to set cartridge tilt so that the
cartridge is parallel to the disc’s surface
when the turntable is operated in the sin-
gle-play mode. In automatic operation, the
cartridge is parallel to the surface of the
center discs, and the stylus deviates neglig-
ibly from the correct vertical angle through-
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out the stack of discs with the knob set to
M.

The basic operating contvol of the turn-
table is a single lever. In manual operation,
it is moved to the left to start the motor and
index the tonearm. Moving the lever to the
right returns the arm to its rest and shuts off
the motor. A separate record-size selector in-
dexes the arm for 7-in., 10-in., and 12-in.
disks. For purely manual operation, one
merely lifts the arm from its rest, which
starts the motor, and places it on the disc.
A silicone damped cueing control gently
raises and lowers the arm at any point on
the record’s surface.

The metal turntable is covered by a ribbed
anti-static mat which contacts the record
only at its outer diameter. Two interchange-
able spindles are provided: a short one
which rotates with the turntable to elimi-
nate any center hole wear when using the
1218 for single play, and an automatic
one which accommodates up to six discs
of the same size and speed.

Laboratery Measurements. At low-force
settings, the calibration of the tracking force
dial was very accurate. At a 3-gram setting,
the maximum error was 0.1 gram; at the
4-gram setting, actual force was 4.5 grams;
and at a 5-gram setting, it was 5.7 grams.
At the 1-gram setting, the tracking force
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NEW Solid-State

o) B
4
RIA

the best TV kit !
ever offered Wag

25" diagonal matrix tube,
24-position UHF/VHF detent power

tuning, varactor UHF tuner, MOSFET VHF tuner, tint switch. New perform-
ance and convenience. Detent tuned UHF & VHF. Preselect any 12 favorite
UHF stations, then power pushbutton (or remote} tune all 24 channels in
either direction. New angular tint control switch selects normal or wide
angle color to reduce tint changes between stations. Exclusive Heath MTX-5
ultla-tectangular black matrix tube has brighter pictures, better contrast.
“lastant-On.” Automatic fine tuning. Adjustable tone control. Automatic
chroma control. Adjustable video peaking. More sensitive tuners. Trzns-
former operated. Built-in dot generator and volt-ohm meter. Choice of cabi-
net styles from $81.95*.

Kit GR-900, less cabinet ........covvuerreernrneneeiranions $599.95*
Kit GRA-900-6, remote control .........ovevureenaneniaernns $79.95*

NEW Heathkit Solid-State Ignition Analyzer

Analyzes standard, transistor, or capaci-
tive discharge systems on 3, 4, 6, or 8
cyl. engines to find bad plugs, points,
wiring or distributor parts, incorrect
dwell time, coil, condenser, transistor
or CO circuitry problems. Built-in tach,
0-1000 & 0-5000 rpm ranges for carb.
adjustments, Constant width patterns,
primary or secondary, parade or super-
imposed, plus expanded. Optional 12VDC
supply for road checks, $24.95*.

Kit C0-1015 ............... $129,95*

NEW Heathkit 8-Digit Calculator

Adds, subtracts, multiplies, divides, chain
or mixed functions, and constant. Float-
ing or selectable 7 position decimal. Plus,
minus, and overflow indicators. Overflow
protection of most significant 8 digits.
Clear-display key to correct last entry.
Standard keyboard. American LSI cir-
cuitry. Bright %" red digits. 120 or 240
VAC ‘operation. Desktop black & white
cabinet, 3%" h x 6” w x 10%" d.

Kit 1-2008 ..........eotnn $129.95%

HeathKit Gatalog

Build and save on over 350 Kits

Your free 1972 Heathkit catalog describes more kits than ever...
over 350...all designed to give you fine performance and save you
money when you buy and when you use. Choose solid state color TV,
stereo, marine, automotive, test instruments, amateur radio, short-
wave, home appliances, and more! Send for your free copy today.

NEW Heathkit
Digital FM Tuner

Another Heathkit “first” in consumer electronics. Pure digital computer
design including digital frequency synthesizer tuning employing phase-lock-
loop techniques, FET varactor FM RF front end, digital discriminator and
readout result in performance specs and tuning convenience that already
are the talk of the audio world: channel frequency accuracy better than
0.005%; less than 1.8 uV sensitivity; distortion levels of 0.1%; selectivity
and IF rejection better than 95 dB; image & spuricus rejection better than
90 dB; S/N ratio better than 65 dB; separation better than 40 dB. One of a
kind, the AJ-1510 “computer tuner” is tne only tuner offering you 3 dis-
tinct tuning modes; keyboard, computer-type punch cards (up to 3), plus
automatic band scanning with variable speed and stereo-only capability.
The 55 ICs, 50 transistors and 50 signal diodes meunt on 10 modules with
7 plugging into a master board for optimum computer modularity & ease of

bly. Join the puter generation of audio equipment — order your
AJ-1510 today.

Kit A-1510, tuner only . .....o.viniieiaii s $539.95*
CADIREL o onvv e eoensnanenomemn e e et e e e $24.95
NEW Heathkit

4-Channel Amplifier ’

Brings you 200 versatile watts for disciete or matrixed 4-channel sound,
and stereo or mono. Built-in matrix circuitry decodes matrixed 4.channel
recordings or broadcasts, lets you use your existing stereo equipment as
well as enhancing yaur present stereo records and tapes. As discrete 4-
channel media grows the AA-2004 is ready... with four amplifiers producing
260 watts into 4 ohms (4x65), 200 watts into 8 ohms (4x50), 120 watts into
16 ohms (4x30), and controls for every source, mode and installation. Ampli-
fier sections are controlled in pairs with one complete stereo system for
left and right front speakers and another for left and right rear — so it can
be used to power two complete 4-channel systems {up to 8 speakers)...or,
four separate-source mono systems if desired. Easy circuit board assembly.
Kit AA-2004, amplifier only ... ..$349.95°
Cabinet ...ttt $24,95*

NEW Heathkit Solid-State FET VOM

Dual FET portable multimeter with lab grade accu-
racy, 10 megohm input and the ranges you really
need. 9 DCV & ACV ranges, 0.1 to 1000 v, = 2%
accuracy. 6 DC & AC current ranges, 10 microamps.
to 1 amp. 7 resistance ranges, X1 (10 chm center)
to X1Meg. 9 dB ranges, —40 to + 62. 1% precisien
metal-film dividers. 4%2", 100 vA, tuggedized taut-
band meter, diode & fuse protected. Battery checi.

Kit IM-104, less batteries, $79.95%,

See them all at your Heathkit Electronic Center...or fill out the coupon helow

HEATHKIT ELECTRONIC CENTERS — ARIZ: Phoenix, 2727 W. Indian School Rd.; CALIF.: Ana-
heim, 330 E, Ball Rd.; El Cerrito, 6000 Potrero Ave,; Los Angeles, 2309 S. Flower St.;
Pomana, 1555 Orange Grove Av. N.; Redwood City, 2001 Middiefield Rd.; San Diego (La
Mesa), 8363 Center Dr; Woodland Hills, 22504 Ventura Blvd.; COLD.: Denver, 5940 W.
38th Ave.; FLA.: Miami (Hialeah), 4705 W. 16th Ave.; GA.: Atlanta, 5285 Roswell Rd.;
TLL.: Chicago, 3462.66 W. Devon Ave.; Downers Grove, 224 Ogden Ave,; KANSAS: Kansas
City (Mission), 5960 Lamar Ave.; MD.: Rockville, 5542 Nicholson Lane; MASS.: Boston
(Wellesley), 165 Worcester St.; MICK.: Detroit, 18645 P. Eight Mile Rd. & 18149 E, Eight

B Schiumberger NN
Benton Harbor, Michigan 49022

[ Please send FREE Heathkit Catalog.
O Enclosed is $_______
Please send model(s)

HEATH COMPANY, Dept. 10-9

-~ —, plus shipping.

Mile Rd.; MINN.: Minneapalis (Hopkins), 101 Shady Oak Rd.; MO.: St, Louis, $296 Gravois Name.

Ave.; N.J.: Fair Lawn, 35.07 Broadway (Rte. 4); N.Y.: Buffalo {Amherst), 3476 i Address.

Dr.; New York, 35 W. 45th St.; Jericho, L.L, 15 Jericho Turnpike; Rochester, Long Ridge ¢i Stat i
plaza; OMIO: Cincinnati (Waodlawn), 10133 Springfield Pike; Cleveland, 5444 Pearl Rd.; ity ate. 1P.

Pric;s 8 sp;cilicnions subject to change without notice.

PA.: Philadelphia, 6318 Roosevelt Bivd.; Pittsburgh, 3482 Wm, Penn Hwy.; TEXAS: Dallas, e eios OB Tortory
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increased by 0.15 gram at the top of a %”
disc stack.

When a cartridge was carefully installed
using the plastic jig supplied with the 1218,
the tonearm’s tracking error was very small,
measuring less than 0.4 degree per inch of
radius over the entire disc and Lypically
about 0.2 degree per inch or less. We found
it necessary to set the anti-skating force
slightly higher than indicated, especially
at low tracking forces. However, this is not
a critical setting, and one could safely use
it with the anti-skating dial matching the
setting of the tracking force dial.

The turntable speed could be varied over
a range of +4.5 percent to —3 percent at
33% rpm. The correct speed on our test
unit was obtained with the vernier control
set slightly below the indicated nominal
speed point. A stroboscopic disc is supplied
for making this adjustment. The speed was
unaffected by line voltage changes or dif-
ferent record loads. Wow and flutter were
very low, the latter being 0.04 percent at
all speeds and the former 0.04 percent at
33% rmp and 0.025 percent at the two
laster speeds.

The unweighted NAB rumble was 32 dB
down and dropped to —36 dB when verti-
cal components were cancelled by parallel-
ing the cartridge outputs. \ith the CBS

RRLL weighting, which correlates belter
with rumble audibility, the measurement
was ~54 dB, a typical figure for a good
turntable.

We found no detectable arm/cartridge
resonance in the 10-500-Hz range, using an
Empire 1000ZE/X cartridge. The change
cycle took 12 seconds at 33% rpm and 7
seconds at 78 rpm.

Comments. As with all Dual turntables
we have used, the 1218 operated silently,
smoothly, and reliably. It is apparent that in
all important respects it is very similar to
the 1219.

The low-friction arm bearings are equal
to the task of carrying any cartridge made
at the lowest tracking force of which it is
capable (we had uno difficulty operating
at 0.5 gram). The damped cueing system
operated very smoothly, and when the anti-
skating force was set to match the tracking
force. it returned the stylus to the same
point at which it left the record. If track-
ing forces of less than 1 gram are used, and
it the anti-skating force is set to an optimum
value, there is some outward drift of the
pickup during descent. But since few cart-
ridges can (or should) be operated at less
than 1 gram of tracking force, this is un-
likely to present any difficulties.

Circle No. 65 on Reader Service Card

TRIPLETT MODEL 603 SOLID-STATE VOM

BACK in September 1970, we reviewed

the Triplett Model 602 VOM. At the
end of the review, we suggested that the
one improv‘ement needed was an automat-
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ic power shut-off device to prevent batterv
rmdown if the instrument were inadvert-
ently left on after use.

With the introduction of their latest solid-
state multimeter, the Model 603 FET VOM
which retails for $150, Triplett has not only
silenced us on the subject of automatic shut-
off, but they have added a couple of arm
twisters in the way of further improving this
new VOM. Using an approach called
“TMP” (for Triplett Micro Power), the
Model 603’s total current drain is so low
that the carbon-zinc batteries used for posv-
ering the electronics package approach
their shelf life. This feature alone could
eliminate the need for a power switch, but
the switch is there just the same. If you
forget to turn off the instrument after use,
no matter; when you come back a day or a
week later, the batteries will still” have
plenty of life in them.

Some of the other changes inchide a 70-
mV ]ow-p()wer ohms measurement circuit
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which permits making in-circuit resistance
measurements without biasing or burning
out delicate semiconductors or other low-
power devices that are making their appear-
ance in many radio and TV receivers. Con-
ventional resistance measurements are still
possible by switching to the normal resist-
ance mode in which a 1.5-volt D cell is
used.

Another very useful feature is a built-in
automatic-polarity circuit which enables the
user to measure both positive and nega-
tive dc voltages without having to go
through the contortions of swapping test
leads or flipping a switch. Other switches
permit determination of either positive or
negative voltages should the polarity need
to be known. We found the auto-polarity
feature ideal for making null adjustments.
All the user has to do is tune the circuit
for null, watching the pointer of the Model
603’s meter movement drop toward zero. If
he goes too far, the pointer will begin to
swing up-scale. Consequently, there is no
need to view the meter head-on to remove
the possibility of parallax error.

Only two scales are used for all de and
ac voltage and current ranges. Separate
scales are used for resistance and dB read-
ings. This makes for a clean, easy-to-inter-
pret scale. Only one function switch and
one set of probe connectors are used for all
44 meter ranges and functions.

The ranges for both de and ac voltage
are: 0.3, 1, 3, 10, 30, 100, 300, and 1000
volts full-scale. Accuracy is 3 percent on all
ranges. Input resistance is set for a mini-
mum of loading on the circuit under test.
On dc, it is 11.12 megohms, on ac it is 10
megohms. The frequency response for all
ac ranges up to 100 volts is 20-10,000 Hz.

The ohmmeter function has the usual
RX1 to RXIl-megohm range spread in six
steps. The user has a selection of either
conventional or low-power ohms measure-
ments.

Both ac and dc currents can he mea-
sured from 1 mA to 1 ampere full-scale in
four ranges. The dB ranges go from —30
db to +62 dB. Accuracy is 3 percent, and
0 dB is equal to 0.776 volt (1 m\V across
600 ohms).

The Model 603’s electronics are housed
in a 6% x 5% x 3%¢” high-impact
plastic molded case. The instrument weighs
a mere 2% pounds, including batteries. A
metal carrving handle, which doubles as a
tilt stand, is provided. Three conventional
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batteries—two  9-volt and one 1%-volt D

cell-needed to power the instrument are

supplied.

You need no tools to get inside the case
to replace batteries. A rather heavy %-
diameter knurled screwhead is all that holds
the back on—quite solidly, we hasten to
add. The entire interior of the meter case
is lined with sheet brass which makes elec-
trical contact with the ground on the print-
ed circuit board. All high-quzllity compon-
ents are employed, and the three batteries
are securely held in place by a removable
plastic bar. (lncidentul]y, the range/func-
tion switch also has a battery-test position

which allows the user to keep tabs on the
condition of the batteries.)

The manual which accompanices the Mod-
el 603 FET VOM is very complete. Not
only does it contain the usual information
on how to use and maintain the instru-
ment, but it also outlines the calibration
procedure to use if and when the need for
it arises.

After using the Model 603 for a couple
of weeks, we can state that it is a first-class
solid-state VOM which is certain to find
favor as the workhorse instrument for the
busy bench technician and electronics hob-
byist.

Circle No. 64 on Reader Service Card

HEATHKIT MODEL IC-2008 DIGITAL CALCULATOR

A DIGITAL electronic caleulator is an ex-
cellent device to have around for solv-
ing mathematical problems and calculating
parameters in circuit design. Having used a
number of calculators with different capa-
bilities in the past, we were especially in-
terested in the new Heathkit Model IC-
2008 calculator kit which lists for $129.95.

The IC-2008 is a desk-top calculator, but
it is very compact and lightweight, measur-
ing 10%” x 6” x 3% overall and weighing
3% pounds. Since it is so light, four non-
skid pads are attached to the bottom of the
case to hold it in place.

The usual complement of 11 keys is pro-
vided for feeding in the numbers from 0
through 9 and the decimal point. Five arith-
metic function keys are to the right of the
number keyboard: add, subtract, multiply,
divide, and equals. To the left of the num-
ber keyboard are four more keys. One clears
the logic at the start of calculations. A sec-
ond clears only an erroneous entry (obviat-
ing the need for re-doing an entire equation
when only the last entry is incorrect). The
third key programs the logic for constant-
factor calculations. The fourth key, though
not unique, is not often found on arithmetic
calculators; it is used to change the display
from positive to negative and vice versa.

Two controls are provided. One is a
rocker-type power switch., The other is a
thumb-wheel switch which is used to set
the decimal point (up to seven trailing
decimal positions). The decimal point can
also be left floating,

With the IC-2008, calculations can be
chained or done in sequence. A fixed con-
stant can be used when performing long
calculations.
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The overall range of the calculator is from
0.0000001 to 99999999. If the instru-
ment’s capability is exceeded—either during
entry or during totalling—the keyboard au-
tomatically locks out, and the extreme left
readout displays an E.

The seven-segment gas-discharge readout
display in the IC-2008 is one of the most
legible and largest we have seen. Even with
the dense, polarized filter placed in front of
it, the display is very bright. While the
calculator is operating, there is no zcro
blanking. Instead, a series of lower-case
leading zeroes is displayed to indicate un-
used readouts.

We assembled the 1C-2008 in about seven
hours. The work consists essentially in wir-
ing two printed circuit boards: a small one
for mounting the readouts and a mother
board for the rest of the electronics. Care-
fully f()]l()\ving the instructions given in the
well-illustrated assembly/ operating manual
supplied with the kit, we encountered no
difficulties. Extremre care must be exercised
when inserting the 28-pin LSI chip into its
socket.

The various switches which make up the
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keyboards are mounted in a novel manner.
The operation makes mechanical alignment
between the switch pushrods and metal
mounting bracket a sure-fire thing.

Heath supplies with the kit a small neon-
lamp tester for checking out the various
high-voltage points to insure that the volt-
ages are present when needed but absent
at other points. Hence, the assembler does
not have to have a VOM or VIVM on
hand when working on the calculator. We
turned on our calculator immediately after
it was assembled; and it worked beautifully.

The assembly/operating manual does not
spend much time discussing the amazing
28-pin American-made LSI chip which does
all the work. But it must be pretty complex
to perform as it does.

Circle No. 67 on Reader Service Card

PRODUCTION DEVICES
MODEL 85 TRANSISTOR TESTER

IKE a lot of you, we dread the thought
of having to find a malfunction on a
printed circuit board assembly containing
dozens of transistors. Just the idea of having
to unsolder a number of leads—and possibly
doing more damage with the soldering iron
—leaves us cold. It is either unsolder the
suspected transistor and test it off the board,
or use an in-circuit tester while perform-
ing an acrobatic-like balancing act to keep
the probes on the appropriate transistor
solder pads while observing a meter.

One day a few months ago, there came in
the mail a package from Production De-
vices. Opening the box, we found the com-
pany’s new Model 85 in-circuit transistor
tester which has, in just a short time, dis-
pelled most of the distaste we used to
have for troubleshooting a transistor circuit.

The Model 85 is a handy little self-pow-
ered tester. It is about the size of an over-
stuffed scope probe. Inside is a complete
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test circuit, a conventional 9-volt transistor
battery, and a tiny speaker. The business
end of the probe consists of three stiff,
sharpened metal prods arranged in the fa-
miliar triangular TO-5 configuration. The
base lead is clearly identified by its gold
color, making it a simple job to jab the
prods into the solder pads of a suspected
transistor.

A small switch on the side of the tester is
marked PNP/NPN. With the prods firnmly
contacting the transistor’s solder pads and
the switch set to the proper position, the
tiny speaker emits a clear tone if the transis-
tor is good. The absence of a tone in either
switch position indicates that the transistor
is either shorted or open. Regardless of the
switch position, there is no danger to the
semiconductor under test because the max-
imum voltage applied to the base-emitter
junction is only 0.8 volt.

Because standby current is only a few
microamperes, no on/off power switch is
provided. In operation, current consump-
tion is only a couple of n]illiznnpt‘l't’si.

For testing transistors in other than the
familiar TO-5 configuration, the tester is

provided with an extender cable which
plugs onto the prod end of the instru-
ment. The test end of the cable is equipped
with color-coded alligator clips, one each
for the base, emitter, and collector leads.

We used the Model 85 tester on some
very crowded PC boards used in imported
radio receivers. Finding “dud” transistors
was a cincl. However, while working with
the tester, we found that leaving it on the
workbench sometimes allowed the three
probe tips to come into contact with metal
tools and other objects usually found in a
busy work area. As a result, the probe tips
can short together, putting a 90-mA current
drain on the tester’s battery. Athough when
a short-circuit condition like this takes place
the speaker gives off a loud click to alert
you to the situation, we recommend that
before vou lay down the instrument you
push the probe tips into an eraser. Other
than this minor inconvenience, the Model
85 tester is certain to become one of the
handiest tools around for the technician and
experimenter  who regularly works  with
transistor circuits, especially since it is
priced at only $17.45.

Circle No. 68 on Reader Service Card

JAMES MODEL C-7535 INTRUSION DETECTOR

NTRUSION alarms can be divided into

two major categories or types. The “hard-
wired” multi-point perimeter version cm-
ploys some form of mechanically oper-
ated sensor at cach entry point within the
protected area. The second category takes
advantage of the “area protection” approach
in which only a certain portion of a room or
other enclosed area needs an alarm system.
If your concern is area protection—hecause
you do no want to go through the bother
of wiring up your house, or because you
feel that protecting only one area, such as
a door or window, is sufficient—then vou
should look into the available small ultra-
sonic alarm offerings. One of these is the
James Model C-7535 Doppler-Sonic Intru-
sion Detector which sells for $159.95 fullv
wired and tested. ’

The James intrusion alarm is an attractive
but unobtrusive device. Its electronics are
housed in an oiled wood enclosure, the front
of which is covered with a color-coordinated
grille cloth. At first glance, the detector
looks like a small 11"-long by 4”-square
shelf loudspeaker system.

Using both Doppler shift and amplitude
modulation, this wnit is insensitive to false
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triggering from air currents, high-frequency
sounds, fluorescent ballast noise, and can be
adjusted to disregard the motions of small
animals in the protected area. The detector
covers an operational area of about 180
square feet in a cone which extends 18 feet
out and 10 feet across the base. Any mo-
tion within this area will be sensed by the
system.

Power for the Jaumes alarm can be taken
from the ac line or from a 12-volt dec
source; so, the system is equally at home in
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a private home, a business establish-
ment, or in just about any enclosed vehicle.
If the system is operated on both ac and
l)attery power sources, it normally oper-
ates from the ac source but automatically
switches over to battery in the event of
either a deliberate or accidental power fail-
ure without any loss in protection. Of
course, in this application, the external
alarm must also be battery powered.

Two sets of screw-terminal contacts are
provided on the rear panel. One pair is
for remote control of 117-volt ac alarms,
while the other pair is used to energize
battery-powered alarms. Provisions are also
made on the rear panel for remote detec-
tors and a key-operated remote control
unit which can be located anywhere that is
convenient to the user. (A number of ac-
cessory detectors are also available from
James.)

Wee tested the C-7535 in its simplest form,
with the intrusion detector plugged into a
117-volt ac power source and the remote
relay operating a light bulb alarm “sound-
er.” The maximum range we obtained was
about 25 feet by opening a door directly in
the beam path. Human motion triggered

the system within 15 to 18 feet from the
detector. Air conditioner blasts and smoke
had no effect on the system.

There is a screwdriver-adjust response
control on the rear panel. It allows variation
of the amount of time that a motion must
be present before the alarm triggers. This
permits “normal” motions such as that pro-
duced by air currents, bells having a 40-
kHz ultrasonic component, and small ani-
mals to be blanked out if the duration is
between 0.5 and 5 seconds. The range is
adjustable between the two stated times. If
these random motions do not persist for
more than the preset time, they will e ig-
nored. But any motion which exceeds the
preset time will cause the alarm to trigger.

Because a number of animals are sensi-
tive to sounds in the ultrasonic range and
many TV receiver remwte control devices
operate around 40 kHz, we checked the
system out for these effects. The animals
responded, of course, but not with discom-
fort. In our case, the C-7335 turned up
the chroma on omr TV receiver; but this
effect is not too important since it would be
rare for both the TV and detector to be on
at the same time.

Circle No. 69 on Reader Service Card

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
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also extends spark plug life, promotes more com-
plete combustion and assures instant starts in all
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switch for instant return to standard ignition, the
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engine. Both systems install in ten minutes with-
out rewiring.

Order your Mark Ten or Mark Ten B today. Save
money while you enjoy low maintenace and in-
creased performance.
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NEW “IN-LINE” COLOR TUBE
SIMPLIFIES CONVERGENCE

NEW color CRT, introduced by RCA Siandet[OelalSyitom Ao Radiog

uses an in-line, triple-beam gun struc-
ture, and a line-focus-type of static toroidal
deflection voke that eliminates the need for
dynamic convergence. The shadow mask
has vertically oriented slit-shaped apertures
with the phosphor array forming vertical
green, red, and Dblue lines. Dynamic con-
vergence magnets are not required.

The three-gun assembly is arranged hori- o e o e
O O r

Elecoron Gun

zontally and is about half the size of the
conventional delta layout. O
A single static convergence and purity

device is included in the yoke assembly }
which is bonded to the neck of the CRT. ;
The new approach produces a 1.8” short- 3 'UH
er tube, 2% Ib lighter than present 90° e HH”;

systems. The new tubes will be available i |

in 15”7, 177, and 19” sizes. RCA is also
working on a 13” version.

New tube and in-line gun (left) has all deflection and convergence elements bonded
to neck. It is smaller, lighter, and easier to set up than conventional tube (right).
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gg MAC'’S SERVICE SHOP

New Breed

of 'Test Equipment

"RAAN!" Barney exclaimed, stopping short

in the doorway of the service depart-
ment, “I knew we had lots of business, but
I didn’t think we'd have to install a traffic
light on the service beneh.”

Mac, the owner of the shop. looked
around with a grin and then tumed back
to the little (447 x 447 x 24%”) bluc-cased
instrunent resting on a tilt bail ou the beneh
so its brushed aluminum panel looked up
at him. That panel contained only an on-
off switch on the left, two binding posts at
the hottom center, a red one on the left and
a green one on the right, and directly above
these two large cut-outs in the panel in the
form of opposite-directed diode svmbols.
Both were flashing on and off at a rate of
three or four times a second. The Dbottom
one with the arrow pointing to the right
Was ﬂushing a bright green; the top one
with the arrow pointing to the left was
flashing a bright red, giving rise to Barney’s
comment.

“Junction Verifier, Electronies Division,
Kurz-Kasch, Inc., Dayton, Ohio,” Barney
read from the little panel over Mac’s shoul-
der. “What the heck is a ‘junction verifier’?”
(Kurz-Kusch. Inc., Electronices Div., 1421
S. Broadway, Dayton, OH 45401)

“Just what it savs: a device to verifv the
operating condition of anv  junction in
most  solid-state. scmic(mdu&tilig junction-
type electronic devices in use today, in-
cluding siticon, germaninm, or selenium
diodes, zeners, bridge rectifier assemblies.
nupn and pnp transistors, LED’s, FET’s. and
tunnel diodes. With this defective diode vou
see 1 have comnected to the binding post
terminals, both displavs are {lashing to in-
dicate no rectification is taking place across
the shorted junction and current is fowing
in both directions. You get the same display
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By John T. Frye, WOEGV, KHD4167

hy simply putting a piece of wire between
the binding posts. When I remove the
shorted diode and replace it with an open-
circuited diode, like so, neither display
flashes because current cannot pass in cither
direction across the open junction.”

“Does that thing only give you the bad
news? How about the good news?”

“I'm coming to that. Let’s connect this
good diode with the marked cathode to the
green binding post and the anode to the
red post. That is the normal way to connect
a junction to the instrument: anode to the
red post, cathode to the green post. Notice
now onlv the bottom green display is Hash-
ing, verifying that the junction is good and
that the diode is properly marked resulting
in ‘conventional’ current flow from left to
right. But now let’s reverse the diode so the
cathode is connected to the red post and
the anode to the green post. See, now only
the red display is flashing. This indicates the
junction is still good. bat the current is fow-
ing from right to left. That is what would
happen if we tried to test a diode with the
cathode improperty marked.”

“I get it,” Barney said. “The verifier tells
vou four things about a diode: (1) if the
diode is shorted, (2) if the diode is open,
(3) if the diode is rectifving, and (4) which
way current is flowing through the diode.
Right?”

Checking Transistors. "Right as far as
vou go. The verifier actually tells you these
four things about almaost any semiconductor
junction, no matter if that junction consti-
tutes a simple diode rectifier or is one of
several junctions contained in a single solid-
state device. Let me show vou what 1
mean.” he said, attaching matching  test
leads to the red and green five-way bhinding
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posts of the verifier and removing the back
of an inexpensive little transistorized radio
lying on the bench.

“Suppose we want to check the transis-
tors in this Japanese receiver for which we
have no service data. The transistors, which
we do not recognize, are soldered in. I touch
the green lead to the collector and the red
lead to the base of a transistor. The green
display starts to flash, and I immediately
know two things: the collector-base junction
of the transistor is good, and the transistor
is a pnp type in which the collector voltage
is supposed to be negative with respect to
the base.

“Next, | shift the green lead to the base
and the red one to the emitter. Again the
ﬂashing of the green arrow tells me the
junction 1 am testing, the emitter-base junc-
tion, is good and that the base is properly
the cathode of this junction. If, in our first
test, the red arrow had started flashing in-
stead of the green one, I should have known

PLECTAONICE BIVITION
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we were dealing with an npn lype transistor
that requires a positive voltage on the col-
lector. If both displays had flashed simul-
taneously, 1 would know the junction was
shorted. Had ueither arrow flashed, I could
be sure the junction was open. In either
case, the transistor would be bad. So you
see the verifier serves as a transistor tester
and a transistor-type identifier.”

In-Circuit Tests, Too. “What impresses
me,” Barmey observed, “is that you made
these tests with the transistor wired into
the circuit. Can you always do that?”

“Almost always. A ‘junction may be
tested in-circuit as long as the parallel re-
sistance is 1500 ohms or more or the paral-
lel circuit capacitance is 10 microfarads or
less, which is practically almost always the
case. Lower parallel resistance or greater
parallel capacitance may cause the verifier
to indicate erroneausly a shorted junction.”

“A couple of times you said the instru-
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ment would test ‘almost’ any junction. What
are the exceptions?”

“It will not test junctions having more
than 2 volts forward voltage drop. About
the only place you find these is in high-
voltage rectifier stacks. Neither will it re-
liably test junctions having reverse voltage
drops less than 4 volts. That means it will
not test low-voltage zeners, such as the
3-volt type. Finally, some voltage reference
diodes, such as the 1N821 and the 1N937,
are designed to operate in a forward con-
ducting mode, in contrast to zenmer and
avalanche diodes. To insure their correct
circuit application, these devices are banded
on their anode ends, as opposed to cathode
banding on true zener and conventional
forward-conducting diodes. Such reference
diodes rated in excess of 2 volts will appear
as open elements on the junction verifier
because tests with an ohmmeter will show
normal forward resistance of about 10,000
ohms and infinite reverse resistance.”

“Do you know how the junction verifier
works?”

“Only in general terms. It is said to use
a unique digital technique that sends pulses
of current, not exceeding 5 mA, in both
directions through the junction, samples
both forward and reverse currents, com-
pares the two, and displays the result on the
diode symbol screens of the front panel. I
may as well admit I peeked inside and saw
two IC’s and a host of discrete components
mounted on a glass epoxy board. Since the
circuit is a new one for which a patent has
been applied, it is naturally not published.”

“What does the thing cost?”

“This ac model, the JV-1505, costs
$44.95. A battery model, using four ‘C’
batteries, the JV-15086, is priced at $30.95.
But actually the interesting thing to me
about the junction verifier is that it typifies
a new line of service instruments coming
on the market—instruments designed to
meet the problems of the modern technician
and to impress favorably his customer.”

“Why do you accent the word ‘modern’®”

New Types of Testers. “In the old days
the work was done almost entirely in the
shop. It mattered little how bulky, heavy,
and hard to understand the instruments
were. They were only seen by the techni-
cian, and he knew what they said. But today
much of the work is done in the home.
Those instruments have to go out into so-
ciety, and they should have what the auto
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industry calls ‘pizzazz,” or flair. They should
please the eye of the customer and impress
him with their performance.

“Note, for example, the compactness and
light weight of this little junction verifier.
Every ounce and every cubic inch of space
counts when you have to take the instru-
ments to the recciver. Also lovk at the
attractive, textured, chip-resistant blue case
and the brushed aluminum panel. Above
all, though, notice how movement and color
are employed in the readout. Those flashing
colored arrows catch the eye of the cus-
tomer just as they caught your eye when
you came through the door. That is show-
manship.

“But the showmanship is backed up with
solid utility for the technician. The instru-
ment has versatility that insures it against
obsolescence. Just as a crescent wrench is
always useful, no matter how many box
sockets and end wrenches you have on the
beneh, so will an instrument that speedily
checks a single junction always be in de-
mand. And it is speedy. You can check
junctions as fast as you can apply the test
probes.”

“You might say the same thing about the
new  digital voltmeters,” Barney observed.

“They are rugged, easy to read, and are
bound to impress the customer with the
computer-fast speed with which their dis-
play changes.”

“Right you are, and I'm glad you used
that adjective ‘computer-fast.” That is the
key to what I am talking about. The im-
portant thing is the association that takes
place in the mind of the customer when
he sees some of the modern service instru-
ments working. That DVM readout reminds
him of the displays he has seen during
rocket launches, and he knows that the
space program incorporates the best there
is in electronics.

Other Examples. “The new, compact,
solid-state scopes are another example of
the same thing. The customer is always in-
trigued by the moving patterns seen on a
scope screen. After all, he has seen these
instruments used in science laboratories and
in the operating room, and he equates their
use with precision and technical excellence.
It is most reassuring to him to see his TV
set adjusted with the use of a scope. But,
again, a modermn dc scope is the most
versatile instrument a technician can take
into the home. It can serve as an ac or

: by
}l 1 ’__,@_f”.// =Y

CADENCE —the musical instrument speakers

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

9%, .7 anything else in the industry. Cadence Speakers are built
to withstand heat from sustained notes at a high power
level and the vibrations and stresses which are continually
placed upon them. Cadence is guaranteed one full year

at the power level specified. This proven speaker
family has been selected by the manufacturers of most

of 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-American Corporatio
1124 East Franklin Street
Huntington, Indiana 46750
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TYMETER®

““Time At A Glance’*
DIGITAL CLOCKS

DIGITAL
CLOCK MOVEMENTS

#130..12 HOUR  #131..24 HOUR
DIGITS RESETTABLE INDIVIDUALLY

Available in 50, 40 cy., oll voltoges, AC. UL
approved motor, cord. One Yeor Guorontee.

Complete Line of Count-Up and
Count-Down Digital Computers

CATALOG ON REQUEST

PENNWOOD NUMECHRON CO.

DIVISION OF LCA CORPORATION
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de voltmeter, a signal tracer, a distortion
analyzer, a curve tracer, a phase-shift de-
tector, a frequency meter, or what have
you. A modern scope gives real meaning to
that common phrase: ‘the usefulness is lim-
ited only by the ingenuity of the owner.””

“Why are we getting these new instru-
ments now?”

“I think the major debt is to the space
program and the computer industry. For
example, I am sure this junction verifier
came about through the research Kurz-
Kasch did in developing their digital logic
testing probes which they claim will replace
wide-band scopes and DVM’s now used for
this purpose. The readout of these low-cost
probes is in the form of three colored
lights. And we know that IC applications
in space age instruments’ and computers
have lead to the DVM’s and the solid-state
scopes.”

“Well,” Barney said as he got into his
shop coat, “I just hope the space and com-
puter boys continue throwing an occasional
glance toward our needs. Service instru-
mentation can stand some ‘pizzazz’ as you
call it.”

IDENTIFICATION BY INSTANT REPLAY TV

An “instant replay’ video disc system for
controlling access to high security areas has
been introduced by Ampex Corporation. The
TVID (television identification) system em-
ploys the same rapid access TV disc record
and playback techniques developed for in-
stant replay of sports action. It enables
guards to replay previously recorded tele-
vision pictures of personnel on a television
screen with a maximum access time of two
seconds. The guard can also add new record-
ings to the file in seconds with the television

camera.
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LIGHT
MINDER

ALERTS YOU TO TURN OFF
CAR LIGHTS WHEN ENGINE
IS SHUT DOWN

BY STEPHEN J. ERST

EPLACING a dead battery resulting from
having left your car lights on overnight

is an expensive and time-consitming propo-
sition. Detroit has remedied the “forgotten
ignition key syndrome™ with a buzzev; now
you can remedy the “forgotten light syn-
drome” with a similar alerting system. With
a Light Minder installed in vour car, you

LOW DI
BEAMS

+f MALLORY
SC-628
SONALERT

SWITCH

SARKING
-IGHTS

will be alerted to turm off parking and head-
lights whenever you turn off the engine
without first switching off the lights.

As shown in the schematic, the Light
Minder—consisting of three isolation diodes
and a Sonalert tone genemt()r—-tukes advan-
tage of the operational positions of the oil
pressure switch. The oil pressure switch is
normally closed when the engine is not
running, pr()viding a convenient current
path from chassis ground through the Son-
alert and the appropriate diode to battery
positive via the switched on lamp or lamps.
Consequently, until the lamps are switched
off, the Sonalert will continue to sound an
alert.

When the engine is nmming, the oil pres-
sure switch is normally open, breaking the
current path through the Sonalert. This
gives vou a side benefit: if vour lights are
on while driving, the Sonalert will sound
should there be a loss of oil pressure.

When installing the Light Minder into
your car’s clectrical system, it is best to lo-
cate the Sonalert in the glove box or some
other out of the way lacation. After making
hookups, cover all joints with clectrical mpc
to insulate and waterproof them. @

International Shortwave
Broadcast Receiver

e Precision tuning dial eliminates guesswork, permits
Direct Frequency Dialing on SW and standard AM
Broadcast e Crystal lattice filter for adjacent station
rejection and good AF response e Dual conversion
o Solid state AF output e S-meter o Preselector gives
superior sensitivity by peaking antenna and RF stages
o Crystal-controlled H. F. Oscillator stability e Am-

pified AVC constant AF output.
$335.00

R. L. DRAKE COMPANY e

-
{

SN,

Programmable
Communications Receiver

o Programmable to suit any interest: SWL, Amateur,
Laboratory, Broadcast, Marine Radio, etc.  All solid
state o Direct Frequency Dialing: 150-500 kHz plus
any (23) 500 kHz ranges, .500 to 30 MHz e FET
Circuitry o Linear dial, 1 kHz readout e 3 band-
widths: 0.4 kHz, 2.4 kHz, and 4.8 kHz for: CW, SSB,
AM o Power: 120 VAC, 220 VAC, and 12 VDC e Cry-
stals supplied for LW, BC and seven SW bands.

$499.95

540 Richard Street
5 Miamisburg, Ohio 45342
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You don’t have
to get a college
1n electronics.

Next to a willingness to
work, nothing will improve your
chances of success in electronics
more than a college-level
education. But family obligations
and the demands of your job
may make it very difficult for
you to attend classes. That
doesn’t mean you have to forget
about getting ahead. CREI
makes it possible for you to get
the college-level education you
need without going back to
school.

Learn at home

At your own pace, your
own schedule . . . without giving
up your present job. CREI
lessons are written to be clearly
understood without the presence
of a teacher. Your problems are
anticipated. Your instructors
will work with you in a very
personal manner and give you
all the individual attention you
need. Many men learn far more
readily through home study
than they ever did in the
classroom.

Not for beginners

CREI programs are written
for men familiar with basic

get the advanced, specialized
knowledge they must have to
move up to engineering-level
positions and engineering-level
pay. All CREI training material
is developed with the help of top
engineers and scientists from
private industry and
government laboratories. Each
of these men is an expert in his
field of electronics. He knows
exactly what level of specialized
knowledge a man needs to work
successfully in that particular
field today. This is your
assurance that what you learn
from your CREI study can be
applied on the job.

You can have confidence

in CREI
Since 1927, CREI has

helped tens of thousands of men
move ahead in every phase of
the electronics industry. You'll
find CREI graduates and
students in key jobs wherever
up-to-date knowledge of
electronics is demanded.
Leading companies recognize
the quality of CREI education.
Many pay all or part of CREI
tuition for their employees.

now, CREI students are
getting the latest
information on cable TV,
LSI chips, microminia-
turization, lasers and
masers, telemetry
systems, servomech-
anisms and data
links. If it’s new in
electronics,
CREI-and you—
will know
about it.

Send for free book

with complete information

on CREI programs

Use postpaid card-
no stamp needed. If card
is detached use coupon or

write: CREI, Dept. E1209C
3939 Wisconsin Ave., N.W.,
Washington, D.C. 20016
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electronics, but who want to CREI education is

up-to-date education

CREI courses are
continually being revised. New
developments are included as
quickly as they occur. Right

Founded 1927
Accredited Member of
the National

Home Study Council
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Continuing Education Company
Dept.E 1209C, 3939 Wisconsin Ave. N.W..

Washington. D.C. 20016

Please send me free book with full information about
CREI Programs.

Name Age
Address

City State Zip
Emploved by

Tvpe of Preseni Wark

I am interested in: (JComputers CJElectronic Engireering
Technology [Nuclear Engineering Technology
OIndustrial Electronics [DElectronics Systems
Engineering Television Engineering  [ONon-Technical
Course in Computer Programming ONew! Cable TV

APPROVED FOR TRAINING UNDER NEW GI BILL
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Communications

~

Scene
Y,

ANY words have been written explain-
ing the muassive changes in marine
communications regulations to the average
pleasure boater and the average commer-
cial ship owner. But little attention has yeen
paid to the man who is electronically
knowledgeable and who wants move in-
depth information. This especially applies
to the FCC-licensed technician who's going
to be installing, maintaining and repairing
this equipment. New FCC Rules & Regula-
tions, radio techniques new to the marine
community and an ever-growing number of
radio-equipped vessels have all conspired to
extend a golden carrot with one hand to
those earning a living in marie radio and,
at the same time, swat them in the chops
with a cast iron copy of new laws and
techmical requirements with the other hand.
Since January 1, 1972, new installations
of double sideband (DSB) AM marine
radiotelephones in the 2-3-MHz band have
been prohibited. This means the FCC won't
license them—therefore they’re illegal. All
new installations must be single sideband

New
Regulations

and the Marine

Radio
Technician
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By Richard Humphrey

(SSB) equipment capable of A3] (SSB with
the carrier suppressed at least 40 dB helow
PEP, peak effective power), A3A (SSB with
carrier 16 dB, = 2 dB, below PEP), and
A3H (SSB with the carrier hetween 3 and
6 dB below PEP). In all cases, the upper
sideband shall be used.

Before a new installation of SSB equip-
ment will be licensed, there must be a
validly licensed vhf/FM (156-162 MHZ)
marinephone installation on board.

Double sideband AM marinephones may
be installed and licensed only if the set is
owned by someone who has sold his boat,
bought mnother, and is transferring  the
2-3-MHz DSB radio to his new boat. And
then only if the DSB radio was licensed
from hefore January 1, 1972 past January
1, 1972, In this case, the old license and
the application are submitted to the FCC
and the radio will be relicensed, but no
longer than January 1, 1977. DSB marine-
phones licensed prior to January 1, 1972 in
the 2-3-MHz band and retained on the
same vessel may be licensed and used until
January 1, 1977.

If someoue buys a boat after January 1,
1972 and it is equipped with a 2-3-MHz
DSB radiophone, he may not license the
equipment even though the radio was
properly licensed before that date and the
license is still valid. The FCC has ruled that
an original owner is entitled to amortization
relief but no one may “inherit” this privi-

lege.

New 2-3-MHz Frequencies. Listed in the
Table are the new SSB frequencies author-
ized June 16, 1970. These are all limited
to A3] and A3A SSB emission. The fre-
quencies that have long been standbys in
the 2-3-MHz band—2003, 2142, 2638,
2670, 2738 and 2830 kHz—permit A3,
A3A, A3H and A3] with A3 (DSB) out as
of January 1, 1977. On 2182 kHz the
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international calling and distress frequency,
A3 and A3H only are permitted until
January 1, 1977 with A3H only after that
date.

Installing, maintaining and  servicing
radio equipment aboard commercial vessels
is a highly specialized field involving stand-
by power supplies, vessel tonnages, the
number of passengers carried, r-f indicating
devices, transmit-position lighting, U.S.
Coast Guard regulations and a host of
other considerations never found in plea-
sure boat work. Anyone considering a
career in commercial marine electronics—
and it’s extremely well-paying—must have
an intimate knowledge of the Communica-
tions Act of 1934, as amended, and Volume
IV of FCC Rules & Regulations.

The vhf/FM (156-162 MHz) Band.
The bulk of a marine communication tech-
nician’s work is going to be with vhi/FM
equipment, and aboard pleasure hoats.
About the only field instrument necessary
is an SWR bridge. Even this isn’t vital
since FCC regulations permit frequency
and modulation checks into a dummy load
to be made on the service bench.

Since channels 6 (156.3 MHz) and 16
(156.8 MHz) are mandatory, most sets
come from the manufacturer with these
crystals installed. Most radios also have the
receive-only National Weather Service
crystal (162.55 MHz). This last will prob-
ably eventually be replaced with channel
15 (156.75 MHz), the environmental chan-
nel, which will have weather broadcasts
tailored expressly for marine interests.
Presently, however, channel 15 is opera-
tional only in Florida waters.

Manv questions have been asked about
channel 16, the national distress. safety and
calling ﬁequencv Being a distress fre-
quency, it must be monitored at all times
by coast and ship stations during their hours
of service. For most vessels this means from
the time the set is turned on until the time
it is turned off. What precisely is meant by
“national”? Usually it means waters inside
the three-mile limit. For fishing, our nation-
al waters extend out 12 miles. “National”
insofar as it applies to the vhf/FM marine
band has not yet been defined. However, it
has been tacitly agreed that the vhf/FM
boundary is 20 miles from shore. The regu-
lations permit mandatorily equipped pas-
senger vessels carrying over six passengers
to satisfy the law by using vhf/FM equip-
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ment instead of 2-3-MIHz marinephones if
the vessel is always operated within 20
nautical miles of a U.S. Coast Guard or
public coast (marine operator) station.

International Differences. At intervals of
approximately seven vears, the Interna-
tional Telecommunications Union holds a
World Administrative Radio Conference—
usually in Geneva—to lav. down  broad
general agreements in radio matters, Signa-
torv nations reserve the right to alter
agreements if special conditions warrant.
The U.S. has a pleasure boating situation
faced by no other nation. There arc about
200.000 radio-equipped recreational crafts
in this country while the entire nation of
France has less than 300.

The main difference hetween US. and
international po]icies in marine communi-
cations is one of dates. In the 2-3-Mllz
band, the U.S. transition from DSB AM to
SSBis Tanuary 1. 1972 o January 1. 1977,
Internationally, the transition dates are
January 1, 1973 to Januarv 1. 1982. The
VI/FA scene  has  stabilized—once  the
initial shock wore off—and there are no
major differences between U.S. and inter-
national p-licies with the exception  that
channel 16 (156.8 MHz) is a safety and
(-u”ing frequency internationally and not
officially designated u distress frequency.

Misunderstood Areas. There are two
arecas where misunderstandings exist: sign-
ing the ship’s radio log, and on-the-air radio
checks. You are required to list the carrier
frequency; the percent of modulation and
the ontput power (when the manufacturer’s
rated transmitter power excecds the legal
maximum by more than 120%); when
the initial installation is made; and when

NEW 2-3-MHZ FREQUENCIES

Frequency Conditions
(kHz) of use

2065.0 Assignment to ship and coast stations will
be subject to coordination with Canada.

2079.0 Same as above.

2082.5 Available to ship stations primarily for
intership safety communications in the
maritime mobile service.

2086.0 Available to ship and coast stations oper-
ating in the Mississippi River System.

2C93.0 Available to ship stations for intership
communications aboard vessels engaged
in commercial fishing.

2096.5 Avaitable for use by limited ship coast
stations.

2203.0 Available in the Gulf of Mexico only for
assignment to ship stations other than
those aboard vessels engaged in commer-
cial fishing.
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any adjustments, changes or repairs are
made which affect the transmitted signal.
The details of any repairs must also be
listed along with your name, your address,
the class and serial number of vour license,
and its expiration date. This same certifica-
tion must also be made on installation.
hucidentally, local FCC Field Office en-
gineers appreciate vour telephone number
when vou sign the log. In this way, slight
bobbles on your part can be corrected by
a phone call rather than by mail.

This satisfies the FCC, but the boat-
owner nceds different  treatment.  This
means on-the-air checks to demonstrate

that the radiophone works. Public corres-
])(mden('c (marine ()perutor) stations are
good starters on both vhi/F\ and 2-3 MHz
smee _\'ou'rc usuully within their primary
coverage areas and it's nice to have a “loud
and clewr”™ on vour first try. Next in line
should be one or more U.S. Coast Guard
Stations in vour area. Here vou may run
into some difficulty due to a misinterpreta-
tion of FCC rules and regulations in some
USCG Districts. Be sure to refer to vour
2-3-MHz radio check as a “technical test.”
H the USCG mmit comes back with “radio
checks with Coast Guard Stations are for-
bidden by FCC rules,” vou can do one of
two things: accept the comeback as a signal
report of sorts, or refer him to Section
83.356(a) (4) which specifically authorizes
technical (FCC-licensed  technicians)  or
FCC personnel radio checks with U.S,
Coast Guard units on 2182 kllz.

The same section authorizes radio checks
on 2182 kHz with other vessels. Section
178(¢) authorizes general (“any boat for a
radio check™ calls to other vessels. There
are no restrictions on radio checks. Coast
Guard or otherwise, on channel 16 (156.8
MHz) in the vhf/F N band.

Then checks should be made on two or
more ol the ship’s working frequencies.
Always use the vessel name and radio call-
sign. Tf the boat is operating ou an interim
license, vou wmust give the owner’s name
and the vessel's name when identifying.

Last, but most important, if you are a
First or Second Class commercial licensce
or intend to become one, get copies of the
Communications Act of 1934, as amended,
with all effective supplements and Volume
IV, FCC Rules & Regulations. Both are
available from the Government Printing
Office. Washington 20402. Get to know
them well. o ®

v
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‘“EFasy Buy”
time payment plan
for Sams Photofact

Free tool set if you act now!
-—.-—'1205

PS130 Xcelite
screwdriver,
nutdriver set,
with B0 sets.

Fill in the gaps in your Photofact®

library and bring your service coverage up
to date.
~ Purchase a minimum of 60 Photo-
fact® sets and pay for them in easy
monthly installments through the Easy
Buy Time Payment Plan.
If you act now you get a
B bonus. Choice of tool sets FREE,
B with orders of 60, 100, 300 or
500 Photofact® sets!

And, as usual, you get
a single drawer file cabinet
with every 60 sets, or a
4-drawer file cabinet with every

Vaco
tool lug-
gage case.
33 tools,

with 500 sets.

e ———— - ——— mre 100 sets.

But act now and send for
your Easy Buy order form. Bonus
offer expires December 31,1972.

HOWARD W. SAMS & CO., INC.
® 4300 West 62nd Street, Indianapolis, Indiana 46268

please send me Photofact Coverage Chart, Easy Buy order
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City. State_____
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E Test Equipment
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\

T APPEARS to be an axiom among tech-

nicians and experimenters that, unless a
scope comes with a probe already attached,
any old length of insulated wire lying
around the bench can be used to get the
signal from the circuit under test into the
scope. If that is your feeling, check the an-
swers to the following questions.

What's wrong with a piece of wire?
Unfortunately, once you get away from
simple dc transmission, where only the min-
uscule de resistance of the wire is involved,
things get very complicated. As the lead
meanders across the benchtop on its way to
the scope, it usually passes near or lies on
anything that happens to be there. This
produces a stray capacitance between the
wire in the lead and the other object, with
the lead’s insulation as a dielectric medium.
Since the reactance of a capacitor goes
down as the frequency goes up, a lower
impedance is offered to the signal path. As
this capacitance varies when the lead is
moved around, there is no way of knowing
the reactance of the lead at any given fre-
quency or any given time. Now, just visual-
ize what the high frequencies are going
through: they don’t know whether to be
bypassed or not, nor by how much!

What if I only work at low frequencies?
This is fine as long as you are looking at

Probes

_ for
Servicing
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By Leslie Solomon, Technical Editor

a simple sine wave. Just remember that
anything other than a simple sine wave in-
votves various quantities of higher-fre-
quency harmonics; and they determine the
actual waveshape seen on the scope. Also,
keep the “antenna effect” in mind. Just vis-
ualize a high-gain, high-input impedance
scope having an antenna hooked to the
front end and a working TV set or radio
transmitter in the neighborhood. Before
you hook the probe to the scope, there is
already a complex waveform present, and
the viewed results will be a happy (or most-
ly unhappy) combination of the two.

Will it be OK if I use coax cable?

If you want to kill external interference,
it will be. Unfortunately, the solution isn't
really that easy. Look up the specifications
of the coax you expect to use and check its
capacitance per foot. Then calculate the
reactance at the upper end of the fre-
quency of the scope you are using. You paid
good money for the scope’s bandwidth.
Now you will realize that you have a scope
with a 53-MHz bandwidth with a bnilt-in,
front-end bypass capacitor that may now al-
low the upper audio frequencies to come
through.

What is the simplest probe?

The simplest probe that could be used
from dc to about 10 kHz would consist of a
length of coax cable terminated at the tip
by about 10,000 ohms. Because of the
scope’s high input impedance (1 megohm
or more), the added resistance has no ef-
fect. Such probes are called “isolation”
types and many commercial versions are
available.

What about units for higher frequencies?
There are two approaches here. The first
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is shown in Fig. 1A. The coax cable picks
up a voltage from a two-resistor divider,
which is designed for a 10:1 reduction. Note
the presence of a small-valued trimmer ca-
pacitor (CI). What has to be taken into
account is the capacitance of the coax
cable (C2) and the input capacitance of
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= T T SCOPE V
-4 -4
02 »p~C3
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cl 32
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Fig. 1. Circuits of various probe types.

) coax 4
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the scope (C3). Assume that the combina-
tion of C2 and C3 adds up to 50 pF. When
a 10-kHz square wave is applied to the in-
put of the probe. the reactance of C2 and
C3 will be about 300,000 ohms. However,
all square waves have certain rise and fall
times—important characteristics. If the rise
time is, say, 10 uS, it would take a scope
bandpass of 35 kHz to show a decent
square wave. Unfortunately, the reactance
of C2 4+ C3 is onlv about 85,000 ohms at
35 kHz; so the high-frequency components
of the square wave will be attenuated more
than the fundamental. This is what gives
rise to the rounded edges on displayed
waveforms.

Fortunately, since R2 is shunted by 50
pF, series resistor RI can be shunted by a
small capacitance (CI) for compensation
using the same ratio of capacitor reactance
to resistance. The value of CI is made
adjustable to compensate for varying lengths
of coax cable and scope input capacitances.
To calibrate this probe, simplv anply a
square wave and adjust CI untl the scope
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shows a clean square wave with no round-
ing (too little capacitance) or overshoot
(too much capacitance) on the edges. Once
compensated, the probe will be relatively
insensitive to frequency variations. Some
scopes use their own input resistance in-
stead of fixed resistor R2.

What is a demodulator probe?

An oscilloscope can be used to examine
modulation waveforms in the r-f and i-f por-
tions of a TV, FM, or AM receiver, even
though the upper frequency limit of the
scope is only a couple of hundred kHz while
the signal is many MHz. This is done by
using the demodulator probe with a volt-
age doubler as shown in Fig. 1B or a half-
wave version as in Fig, 1C. Essentially,
what we have here is a broadband crystal
detector with a little rf filtering on the
output. The half-wave approach has about
half the signal level of the doubler version;
but, in most cases, the former has a higher
frequency response (less stray capacitance
to bypass the r-f input). Many commercial
demodulator probes can easily extract the
signal from a carrier np to 250 MHz.

Are there specialized probes?

If you take a look at mast manufacturers’
catalogs, you can find probes for just about
any purpose under the sun. The circuit of
one probe (RCA WG-499A) is shown in
Fig. 1D. It is frequency sensitive and is
specially designed for 4.5-MHz trap align-
ment in TV receivers.

Then there are high-voltage probes for
VTVM’s (and scopes) for examining the
range of 20,000 to 30,000 volts on CRT’s.
Some companies also make a current probe
to measure either ac or dec current ﬂ()wing
in a wire without cutting the wire. There
are, of course, many others—you will find
them in your distributer’s catalogs and
shelves.

Who Makes What?

Just about every manufacturer who makes
a scope or VIVM (TVM) also has a line of
probes to be used with that instrument.
Among these are RCA, B & K, Heath, Eico,
Simpson, Leader, Pomona, and Mercury.
Many of the larger electronic parts distrib-
utors also have a line of probes of their own
brand listed in their catalogs. All you have
to do is look over the line, pick the one
you can use. And get rid of that hunk of
insulated wire! ®
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( New Products

ONKYO STEREO RECEIVER

The Model TX-666, rated at 140 watts into 8
ohms, solid-state AM/stereo FM receiver is the
newest entry into the hi-i market by Onkyo
Sales. The receiver has directly coupled and

differential amplifier circuitry in addition to auto-
matic protection against speaker damage and dc
leakage. Another feature is a transient killer for
power-on/power-oft overload protection. Built-in
is a microphone mixing feature which allows the
user to mix sounds from different sources, such
as a turntable and tape recorder.
Circle No. 70 on Reader Service Card

CRAIG 8-TRACK TAPE PLAYER SYSTEM

Recently introduced by Craig Corp. is the Model
3212 AM/sterco FM eight-track tape player
system which comes complete with a pair” of
matched speaker systems. The tape player section
is designed to play all presently-available eight-
track stereo endless loop cartridges. Program
switching is fully automatic but can be over-
ridden for manual track selection. A front panel
phone jack provides for private listening. A stereo
record player equipped with a high-level ceramic
cartridge can be used as an external signal source.
Circle No. 71 on Reader Service Card

PIONEER 100-WATT SPEAKER SYSTEM

U.S. Pioneer Electronics Corp. recently released
details on its new Model CS-99A speaker system
which features the company’s free-beating cone
paper. The system employs a well-damped 15"
woofer, 5” and 4” cone-type midrange drivers,
multicellular horn-type tweeter, and a pair of
%" dome-type tweeters. The system is set in a
specially (f;signed air-suspension walnut enclo-
sure. Impedance is 8 ohns; maximum power
input is 100 watts; frequency range is 25-22,000
Hz; and crossovers are at 800, 2000, 5000, and
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10,000 Hz. The unusual cone paper in the CS-
99A is made of plant and animal fibers that are
beaten—not cut—which results in a lighter but
stronger cone.

Circle No. 72 on Reader Service Card

RAY JEFFERSON DEPTHSOUNDER

An all new recorder/flasher depthsounder which
charts bottom topography, finds fish, and indi-
cates water depth has been introduced by Ray
Jefferson. The Model 5270 has circuitry which
prevents engine or ignition noise from disturbing
the normal operation of the system without sac-
rificing sensitivity. As a result, the 5270 provides
deep-burn, unusuallg/ slmq’]), high-contrast read-
ings which give a detailed accurate picture of
bottom topography. The unit traces on a moving
chart the contour of the bottom under the boat,
ives simultaneous flashing-light indication of
%epth, and shows all intervening objects. Sepa-
rate motors for the flasher and chart drive are
provided. Depth soundings are to 270 feet.
Circle No. 73 on Reader Service Card

PRE-FINISHED SPEAKER ENCLOSURE

National Tel Tronics has developed a new idea
in prefabricated speaker enclosures. The kit is
designed to just fold together in 12 min or less
to create a sturdy, hi-fi quality enclosure. No
tools, cutting, or screws or nails are required
during assembly. Completely prefabricated, the
enclosure is walnut-veneer finished. The walls
are of %”-thick wood to provide an airtight
acoustic-suspension enclosure designed to assure
performance in the range of 10-25,000 Hz. Two
models are available: the CK 20-2 is for 2-way
systems and accommodates a 2%” tweeter and an
8” woofer; the CK 20-3 is for 3-way systems and
accommodates the same speakers as the CK 20-2
plus a 5” midrange driver. The company is also
marketing two NTT/Peerless speaker kits for use
in the enclosures.
Circle No. 74 on Reader Service Card

MARANTZ AM /STEREO FM TUNER

The Marantz Co., Inc., Model 105 stereo tuner
incorporates many of the features found in its
more expensive counterparts. These include ex-
clusive Gyro-Touch tuning, illuminated tuning
meter, dial pointer and blackout dial, and a gold-
anodized front panel to match other Marantz
components. A signal strength tuning meter as-
sures accurate tuning for optimum reception, and
FM muting eliminates interstation noise when
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Look for the PTC

Please The Customer
Semiconductor Mart

at your Mallory Distributor’s.

e Tl )

THE FAMOUS MALLOBIN WAREHOUSE.

With the semiconductcrs most needed by service technicians.

THE SEMICONDUCTOR MART. Here s the quick. easy FREE copies of the very atest cross-referenced

~a, 'o get the replacements you need its the best assortment Semiconductor Product Guide,
of the hottest semiconductors around Transistors diodes, mulliple
cdiode packaqes, zener diodes and integrated circuits included.

Clear, concise product data on the packages makes your choice easy. And
Mallory quality, versatility, and dependability make every choice a good one.

You know what you need.
Now you know where to find it.

MALLORY MALLORY DISTRIBUTOR PRODUCTS COMPANY

a division of P.J. MALLORY & CO. INC.
Bax 1284, Indianapohs, Indiana 46200; Telephone: 317-636-5353
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@ The ideal way to save your valuable copies, keep them well
protected and make it easy for you to refer to any issue at any
time. Both decorative and attractive enough to enhance the
decor of any room, each case holds a full year's copies.
Constructed of reinforced fiberboard, these durable cases are
covered in a rich-textured leatherette. The gold embossed back
adds to its elegance and makes each case a welcome addition
to your bookshelf or cabinet.

Magazine cases are available for any of your favorite maga-
zines. They're only $4.20 each, 3 for $11.60, in any combina-
tion of titles ordered. Add 50¢ per case for postage and han-
dling. Outside U.S.A. add $1.00 per case ordered.
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tuning. The rear panel contains 300-ochm unbal-
anced and 75-ohni balanced antenna inputs, AM
ferrite antenna, and an accessory ac outlet.

Circle No. 75 on Reader Service Card

SHURE IMPROVES M91E PHONO CARTRIDGE

Augmentin;{ their M9I phono cartridge series,
Shure Brothers, Inc., has introduced the Model
MOIED which offers trackability second only to
the company’s V-15 Type I (Improved) car-
tridge. The new cartridge delivers significantly
improved high-frequency trackability over the
present M91E, made possible by design advances
in the stylus assembly. The MO1ED features an
elliptical stylus. For those who prefer a spherical
stylus, Shure is offering the M91GD cartridge.
Also, owners of M91E cartridges can upgrade
their present system by purchasing an N9IED
(elliptical ) styﬁls.
Circle No. 76 on Reader Service Card

E.F. JOHNSON CB TRANSCEIVER

An improved version of their most popular 23-
channel hase station CB transceiver has been
introduced by E.F. Johnson Co. Called the Mes-
senger 1234, it features completely new solid-
state circuitry with a ceramic selectivity filter
designed to reject adjacent-channel interference
even from strong nearby signals. Another feature

is an “acousticallv isolated” speaker and special
audio circuitrv which has a trequency-tailored
response for clearer voice reproduction and sup-
pression of noise. An accessory external speaker
is also available for use under exceptionally noisy
conditions. Other accessories available include a
power pack with rechargeable batteries for port-
able operation and a power supply base for desk-
top use on 117-volt ac power.

Circle No. 77 on Reader Service Card

TRIPLETT PORTABLE INSTRUMENT KITS

To meet the electrical measurement needs of
schools, test labs, experimenters, and hobbyists
who custom design their own portable test in-
struments, Triplett Corp. is marketing four new
instrument kits. The G/P Series 10-2189 through
10-2192 kits consist of unbreakable molded phe-
nolic cases with 5-way binding posts and a metal
front plate assembly which accommodates 3%”
panel meters. The panel can be punched, drilled,
painted, legend inscribed, or used for adding
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controls. The No. 10-2192 kit contains a case and
metal panel withont binding posts; No. 10-2191
is the same but also includes one red and one
black binding post; No. 2190 is similar and has
an extra red [l;)in(ling post; and No. 10-2189 con-
sists of case, metal plate, and three red and one
black binding posts.
Circle No. 78 on Reader Service Card

ANTENNA SPECIALISTS CB BASE ANTENNA

A new 27-MHz omnidirectional base station an-
tenna described as a major breakthrough in basic
antenna design has been introduced by Antenna
Specialists Co. The Model M-400 Starduster
half-wave dipole incorporates a vertical radiator
and three ultra-low-angle active radial clements

which create a full aperture and extremely low
radiation angle. The result is a measured gain of
5 dB over the standard ground-plane reference
and 6.85 dB over an isotropic source. The an-
tenma has a weatherproof feedpoint in the form
of a diecast center hub which accommodates
standard 17 threaded pipe or 14" stecl antenna
mast.
Circle No. 79 on Reader Service Card

HEATHKIT DIGITAL MULTIMETER KIT

New to the Heath line of test instrument kits is
their Model IM-102 digital multimeter which fea-
tures a 3%-digit display and lab-calibrated ac-

curacy to 0.1% on dc volts. The instrument accu-
rately measures hoth ac and de voltages from 100
1wV to 500 volts, ac and dc cnrrent from 100 nA

What ™
you hears is
what you

own ears.

When you stop to think about it, the claims
made for some headphones seem to border on
the ridiculous.

You've read about phones that supposedly
go from the subsonic to the ultrasonic, some
that employ woofers, tweeters and crossover
networks and still others that are tested on and
certified by dummies.

But the truth is that there is no completely
reliable instrument method for testing head-
phones or substantiating a manufacturer's performance claims.

So what's the prospective headphone buyer to do?

At Beyer, we've found the only reliable answer is to trust your

And to help make it easier for you, we've reprinted an inde-

pendent, completely unbiased article called, “The Truth About Headphones,’
which we'll be happy to send you. It describes the difficulties involved in test-
ing headphones and goes on to tell you how to compare and evaluate head-

phone performance for yourself.

Once you've had a chance to compare Beyer to the rest, we think you'll end

up buying Beyer.

Because, the truth about Beyer headphones is...what you hears is what

you gets.

Revox Corporation, 155 Michael Drive, Syosset, New York 11791
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to 2 amperes, and resistances from 0.1 ohm to 20
megohms. Resolution on the 200-mV range is
100 uV, and on the 1000-volt range, 1 volt. The
IM-102 automatically switches to accommodate
either dc polarity, displaying either a + or a —
on the readout strip, thus eliminating the need
to change probe leads. Input impedance is ap-
proximately 1000 megohms on the 2-volt range,
and 10 megohms on all higher ranges.
Circle No. 80 on Reader Service Card

FANON INTERCOM STARTER PACK

Fanon is offering three 5-station intercom masters
and two 50’ multiconductor cables in a conven-
ient “all-master” starter pack. The ac-operated
Model IN-603 masters install in minutes. Using
plug-in connectors, the system expands to five-
station operation with ease by adding Model
IN-600 masters (which include cables). The
system is fully selective. Stations can call one or
more other stations and conduct conference calls.
Two separate station-to-station calls can proceed
simultaneously.
Circle No. 81 on Reader Service Card

PATHCOM SCANNING MONITOR RECEIVER

A programmable three-band scanning monitor
receiver which covers the 25-50 Mliz, 140-174
MHz, and 450-470 MHz bands simultaneously is
available from Pace Communications. The Scan

308 receiver uses a switching network which can
be programmed easily for monitoring any combi-
nation of eight channels in the high and low VIIF
and the UHF bands. Capacity is up to 16 differ-
ent channels. Unless specified, the receiver comes
tuned to the most generally used 35-45 Mllz,
152-164 Mz, and 450-462 Mz segments of the
bands. Rear-panel programming switches are
used to select bands and choose the desired com-
bination from 16 internal crystal sockets. The
Model 308 can be powered on either 12 volts dc
or 117 volts ac.
Circle No. 82 on Reader Service Card
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TDK ANNOUNGES
THE ONLY 3 HOUR
180 MINUTES
4-ALBUM CASSETTE

The TDK C-180LN Cassette. ror the first time in any recording
medium, a full three hours of unbelievable listening pleasure—the equivalent of four
(or more) full disc albums—has been concentrated into a package you can slip into
a pocket or cradle in the palm of your hand.

The package is the familiar cassette that has revolutionized tape recording,
but the running time is new—and exclusively available from TDK, with the same
reliability warranty that covers all dependable TDK cassettes. And the tape it carries
is TDK's Deluxe Low-Noise, a quality product that surpasses most other high-
performance types.

Yesterday—TDK Super Dynamic (SD) cassette tape—"the tape that turned the cas-
sette into a high-fidelity medium."”

Today—The exclusive TDK C-180LN three-hour, four-album, extra-tong-playing cas-
sette.

Tomorrow—Who knows what we are going to turn you on with?

c%ﬂ/%/he@éf&ﬂ/
TDK ELLECTRONICS CORP.

@ I DKQ 23-73 48TH STREET, LONG ISLAND CITY, N Y. 11103 » 212-721-6881

.".
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Education &
Opportunities

Developing Good Self-Study Habits

I hold a BSET degree from a local tech
college, and I work as an electronics en-
gineering technician. Within a few months
I will have an opportunity to move up to
a junior engineer’s position. My problem
is that we do a lot of R&D work that re-
quire an understanding of differential equa-
tions. I would like to teach myself more
about this subject, but my past efforts at
self teaching have not been very successful.
I have plenty of good textbooks, but I can
never seem to stick with the program. Do
you have any helpful suggestions?

e Yes—develop the self-teaching habit. Setting
out to teach yourself what you want to know
is a lot like starting up a physical fitness pro-
gram. Physical fitness huffs know that the best
way to stick to their exercises is to get into the
fitness habit. This means setting aside a cer-
tain amount of time every day just for ex-
ercising, jogging or pressing weights. After a
while, people on a physical fitness program get
guilt feelings if they even think about skipping
a session. Self-teaching programs work the
same way.

Set aside a certain time of day for study—
two hours in the ozu’ly evening seems to suit
most people, but some like to get np a couple
of honrs eariler in the morning to study. I
know of one self teacher who decided to start
a physical fitness and a self-teaching program
at the same time. He got up every day at
5:30 a.m., exercised for about twenty minutes
in the brisk morning air, then studied clectronics
and math two hours before going to work.
Three years later, he passed the Professional
Engincering exams in his state (he doesn’t
have a college degree) and he ran the mile in
4:45.

The amount of time you study every day is
important, too. Set a time, such as two hours,
and stick to it—study no more and no less.
When the studies aren’t going well, the time
will seem to drag on forever, and it isn’t
hard to knock off when the time is up. Other
times, though, you're all fired up and tempted
to go past the alloted study time. T suggest
vou don’t. Save some of that enthusiasm as

P

SEPTEMBER 1972

By David L. Heiserman

starting fuel for the next study period when you
might need it.

Finding a special place for studying is also
important. Although some people have no
choice, the kitchen table isn’t the best place to
study if you have a family around. Kitchens are
the traditional center of a lot of family activity;
so, unless vou are there at 5:30 am, you're
bound to get included in some of the distract-
ing activities. The ideal study place is a
special study room or mmused bedroom. There
you can close the door and maintain a sem-
blance of peace and privacy.

Don’t exclude the idea nfy setting up a study
place in an attic or basement. These places
might not be the neatest and most comfortable
ones in the home, but at least you can say,
“This place is all mine for two hours a day.”

Once you find a place to study, try to stay
there. A special study place soon takes on a
certain kind of psychological feeling that makes
you want to study as seen as you enter the
room.

Some people find thev can stay with a
self-teaching program if they have a study
partner. This trick is all right in some ways,
but there are some hazards, too. People who
share good study habits can help cach other
quite a bit, but any bad study habits they
have in common can wreck the relationship—
and the study program—in a short time.

Developing good study habits is one big key
to successful self teaching. Without them, you
can’t get anywhere. With them, you can master
any subject you choose.

Small Appliance Sales and Service

I see a lot of ads promising big incomes
for people operating small appliance sales
and service shops. Can you give me an
unbiased opinion about the opportunities
in such a business?

e There is a good potential in the small ap-
pliance service and sales business; but, as with
any kind of private electrical or electronics
business, your ultimate success or failure de-
pends on your abilities as both a businessman
and a technician.

The U. S. Small Business Administration has
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Tools & Tool Kits - Over 5000 Items

TECHNI-TOOL, INC.

1298 ARCH ST, PHILADELPHIA, PENNA.
ZIP: 19707

1 (215) S68 - 4457 - aa82
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—__ ABOUT YOUR
SUBSCRIPTION

Your subscription to PoPuLAR ELECTRONICS is
maintained on one of the world's most modern,
efficient computer systems, and if you're like 99%
of our subscribers, you'll never have any reason
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
were listed under “William Jones, Cedar Lane,
Middletown, Arizona,” and you were to renew it
as “Bill Jones, Cedar Lane, Middletown, Arizona,”
our computer would think that two separate sub-
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.
Joseph Jones and Mary Jones. Minor differences in
addresses can also lead to difficulties. For exam-
ple, to the computer, 100 Second St. is not the
same as 100 2nd St.

So, please, when you write us about your sub-
scription, be sure to enclose the mailing label
from the cover of the magazine—or else copy your
name and address exactly as they appear on the
mailing label. This will greatly reduce any chance
of error, and we will be able to service your
request much more quickly.

——
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put together a report called “Selling and Ser-
vicing Household Appliances and Radio-TV.”
This report, based upon a survey by the
National Appliance and Radio-TV Dealers As-
sociation, shows the owner of an appliance sales
and service shop can take home $11.68 out of
every $100 in gross receipts, not including a
profit of $4.63 which the owner can pocket or
invest in the business.

For further information about setting up and
operating a household appliance sales and ser-
vice shop, visit your nearest SBA office. You
can get a free copy of the report cited above
by writing the SBA for “Small Business Bibliog-
raphy No. 57.” The address is U. S. Small
Business Administration, Washington, DC
20416.

Opportunities in Civil Avionics

How do I go about finding a job as a
civil avionics technician and what are the
special qualifications for such a job?

* Civilian avionics (aviation electronics), like
so many other specialized fields of modern elec-
tronics, is suffering from a shortage of truly
competent technicians. Central repair shops for
major airlines, and private aircraft sales and
service shops are nearly always looking for
more men with the right kind of training and
education.

The qualifications for an avionics technician
vary somewhat from one shop to another. Of
course, they all demand an educational back-
ground in electronics with, preferably, special
emphasis on communications. Technicians with
military avionics experience and a commercial
FCC or pilot’s license generally rank high on
the list of “most desirables,” but the airlines
and Frivate shops are just as anxious to find
people who can combine a little bit of experi-
ence with a lot of enthusiasm and willingness
to learn on the job. In fact, most of the old pros
and supervisors in the avionics business today
started out with only a general background in
electronics and worked their way up by leam-
ing aviation electronics on the job.

The commercial airline companies do not
maintain staffs of avionics technicians at every
airport they service. Instead, they rely on their
flight engineers to spot troubles; and they train
their line crews to switch “black boxes” on
the spot. The faulty equipment all goes to
large central repair shops located in several
major cities around the country.

The wages at these central repair shops are
generally quite good, and the working condi-
tions range from good to outstanding. These
airline maintenance centers, by the way, are
among the few places an electronics technician
can encounter a union shop.

Local passenger service offices can give you
the addresses of their regional personnel oﬂi:es
and, perhaps, supply you with some employ-
ment brochures an({ job application forms.

If the idea of working in a large airline
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repair center doesn’t appeal to vou, vou can
find a job at one of the smaller avionics shops
that specialize in selling, installing and servic-
ing equipment for private aircraft owners. Just
about every municipal airport supports at least
one of these shops, and the emplovment op-
portunities are generally quite %ood.

In a typical avionics sales and service shop,
a dozen or so technicians work in the hangar,
pinpointing faulty “black boxes” and pulling
them out of the aircraft. Bench technicians
troubleshoot the boxes and make the necessary
repairs.

Working as an avionics technician in one of
these shops is challenging and demanding. For
one thing, the technicians have to work on a
wide variety of equipment. They have to know
how to service old vacuum-tube equipment as
well as new IC gear; and they have to keep up
with new developments and be prepared to
cope with them before the equipment comes
into the shop. There is also a sense of urgency
around a good avionics shop. A homeowner can
live with a broken TV for a weekend, but a
businessman-pilot stranded out of town with
faulty radio equipment cannot afford to wait
around two days for a straight 9-to-3 shop to
open. The avionics shops that do the best
business, then, are those staffed with con-
scientious, hard-working, and competent tech-
nicians. There’s no room for deadbeats in
aviation electronics.

A New Ground-Floor Specialty
—Minicomputer Technology

I work as an electronics technician in a
petroleum processing plant. The company
recently installed a minicomputer data ac-
quisition and control system; and, although
I am not responsible for working on any
part of the new system, I am interested in
learning more about minicomputers and
their applications. I would also like to know
more about possible careers as a “‘mini-
computer technician.”

o Minicomputers are bringing about a revolu-
tion in industrial control, and there is a whole
new world of career opportunities for elec-
tronics technicians with the training and ex-
perience required for assembling and testing
minicomputer data acquisition and control
systems.

1ith the exception of an occasional special
amplifier for the interface circuits, virtually all
parts of a minicomputer data acquisition and
control system are off-the-shelf items. Assem-
bling such a system, then, is largely a matter of
plamning the job, writing the programs, as-
sembling all the basic building blocks, wiring
the interface circuits, and testing and trouble-
shooting the completed svstem. Minicomputer
technicians often help engineers specify the
hardware and make up the wiring diagrams.
The technicions are wholly responsible for as-
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sembling all the building blocks and wiring
the interface circuits. With the help of the
engineers, technicians also run thorough per-
formance tests, do most of the troubleshooting,
and install the system at the customer’s facility.

Technicians spcciulizing in  minicomputer
work must have an wnusually broad working
knowledge of electronics. At the present time,
however, there is no one comrse of instruction
from a home study ov resident school that can
give a minicomputer technician all the working
knowledge he needs. Thus, the technician has
to back up his general courses in electronics
technology with special  courses  in digital
clectronics, control svstems, and systems pro-
gramming.

This minicomputer system uses a Digi-
tal Equipment Corp. unit with various
other types of peripheral equipment.

Minicomputer work demands a special kind
of competence and determination; and, although
there is a shortage of minicomputer specialists,
finding the jobs demands some patience and
perseverance.  Minicomputer systems are most
often ane-of-a-kind affairs, and only  small
electronics firms with a low overhead can afford
to assemble them. Thus, nwost of the minicomn-
puter systeins now rcuching into nearly every
phase of modern industry come from small
engineering and consulting firms scattered all
over the country.

Perhaps the best sources of leads for jobs in
the minicomputer business are the field offices
for major minicomputer manufacturers  listed
in the “Yellow Pages.” The people at these
offices can tell vou who is lsuving minicomputer
building blocks in vour arca. OF course a good
emplovment agenev or vour State Employment
Service can be helpful, toa,
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HIS EYE

IS ON THE
FUTURE...

and a
DEGREE in
ELECTRONICS

Grantham School of Engineering
o Established in 1951 o

2 1505 N. Western Ave.
Hollywood, Calif. 90027
Telephone:
(213) 469-7878
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What's in YOUR future? Where will you be one year from today —
or in two years, or five years?

Your future is shaped by the steps you take today. Keep your eye

on the future as you plan. Take steps that should bring greater
enjoyment and satisfaction in your work and greater financial rewards.
Move ahead in ELECTRONICS —the Science of the Seventies —by

STUDYING AT HOME

Grantham offers a college-level home-study program in

Electronics Engineering Technology, consisting of series of four
separate correspondence courses (called correspondence semesters)
which logically follow each other, preparing you for different levels

of employment as you advance in your electronics career. Upon comple-
tion of the four correspondence semesters (and a two-week seminar
held at the School), you are awarded the A.S.E.T. Degree —

the Degree of Associate in Science in Engineering Technology — with

a major in electronics.

WHO 1S GRANTHAM?

Grantham School of Engineering is a college-level institution,
teaching mainly by correspondence, authorized under the laws
of the State of California to grant academic degrees,

approved for veterans and servicemen under the G.1. Bill,
accredited by the Accrediting Commission of the National
Home Study Council, and an eligible institution under the
Federally Insured Student Loan Program. We are *'the college
that comes to you."' Mail the postcard or coupon for
our free bulletin which contains complete information.

rl—?——————.r-—v.:—,.—————fr ———————
| Grantham School of Engineering  re9.72 |
f} 1505 N.Western Ave., Hollywood, Cal, 90027 :
il Please send me your free Bulletin which explains how |
{! the Grantham educational program can prepare me for |
l' a degree in electronics. i
] | am a beginner in electronics. |
] | am an experienced electronics technician, |

|

|
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FAST — EASY
with DATAK'’s

EASY— patterns rub down
directly on the copper
board and connect with
rub-down lines or tapes
supplied.
FAST—safe new etchants
will etch a 2 o0z. copper
board in 30 minutes.
ACCURATE—+.002” print
tolerance so parts and - >
connectors mate with no

errors, Circuit Made Wwith ER-1

COMPLETE ER-1 SET contains hundreds of dry trans-
fer DIP, flatpack. TO-5, IC, and transistor patterns;
%s” and )%,” etch resist tapes; 4 copper clad boards:
Ya |b. dry etch; tray and instructions. $4.95 ppd.

IN STOCK AT ALLIED AND OTHER DISTRIBUTORS
WRITE FOR FREE CATALOG listing this and many
other dry transfer marking sets.

The DATAK Corporation

85 Highland Avenue -+ Passaic, New Jersey 07055
CIRCLE NO. 7 ON READER SERVICE CARD

Your
x  Degree

ELECTRONICS
< ENGINEERING
through HOME STUDY

HIGHLY EFFECTIVE HOME STUDY COURSES IN:

* ELECTRONICS ENGINEERING TECHNOLOGY

= ELECTRONICS ENGINEERING MATHEMATICS
Earn your Associate in Science Degree in Electronics
Engineering and upgrade your status and pay to the
engineering level. Complete coltege level courses
in Electronics Engineering. we're a forward look
ing school. Qutstanding lesson material —thorough
and easy to understand, Engineering taught on the
basis of application and understanding rather than
on the basis of memorization. Up to date in every
respect. Acquire the knowledge and ability that
means the difference between a low paying techni.
cian job and a high paying engineering position
Low tuition cost with low monthly payments. Ffree
engineering ptacement service for our graduates
Write for free descriptive literature. Ask for
butletin J, no salesman will call on you,

COOK'S .
INSTITUTE °f (Sﬂ'{fronfl.ﬁ ’fn_(’u'na-'rn'ny

Forest Hill Road

P. 0. Box 10634
Jackson, Miss. 39209
Established 1945
Formerly Cook's School of Electronics

S ON READER SERVICE CARD
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Electronics Library,

ELECTRONIC FUNDAMENTALS FOR
TECHNICIANS

by Robert L. Schrader
A functionul course in electronic devices and
circuits with their svstem applications at a basic
electronics level is offered in this companion
and followup to the author’s famous “Electronic
Fundamentals.” Written for vocationally ori-
ented technician programs, the text enables stu-
dents to grasp the fundamentals of circuit and
device operation with a minimum of mathe-
matics. The text itself is supplemented by a
semi-programmed question technique which aids
comprehension and enables the student to check
his progress.

Published by McGraw-11ill Book Co.. 330 \West
42 St., New York. NY 10036, Iard cover. 416
pages. 811.93.

HOW TO BUILD PROXIMITY DETECTORS
& METAL LOCATORS, Second Edition
by John Potter Shields

This updated edition contains valuable informa-
tion on the principles and circuits used in prox-
imity detectors, metal locators, and the closely
related theremin. It begins with a simple ex-
planation of the basic types and functions of
proximity detectors and metal locators. Then
the more complicated and advanced electronic
projects containing special devices are discussed.
Among the advanced devices discussed are the
Hall-effect metal detector and the FM-discrimi-
nator proximity detector. Build-them-vourself
projects are included, each t]mrough]y tested
hefore publication.

Published by Howard \WW. Sams & Co., Inc., 4300
West 62 St., Indianapolis, IN 46268. Soft cocer.
160 pages. $3.95.

25 SOLID-STATE PROJECTS
by R. F. Graf & G. J. Whalen

Hobbyists, experimenters, hams, and car buffs
will find a variety of useful and interesting proj-
ects in this new book. Covering a wide range
of devices such as a sequential-turn signal sys-
tem, a rally-mate timepiece, a shortwave r-f pre-
selector, and electronic dice, all projects pre-
sented were designed to serve a specific func-
tion. All contain a hit of design novelty to
start the reader thiuking of new circuits and
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FREE Mtintosh caraLoc and FM DIRECTORY

Get all the newest and latest information on the
new Moclntosh Solid State equipment in the
Mc!ntosh catalog. In addition you will receive an
FM station directory that covers all of North
America.

SEND TODAY!

I Meclntosh Laboratory Inc.
2 Chambers St., Dept. PT-972
| Binghamton, N.Y. 13903

: NAME
| ADDRESS
FM/FM STEREO TUNER |
MX 114 and STEREO PREAMPLIFIER L_C_l_TI - __ iTiTE — _Z_I_P_ — )
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projects of his own. In addition to providing
schematics, photos, and illustrations, the au-
thors include a parts list which tells where to
obtain hard-to-find components and a table of
voltage and resistance readings for each project.

Published by Ilayden Book Co., Inc., 116 W.
14 St., New York, NY 10011. Soft cover. 120
pages. $3.95.

INTRODUCTION TO THE UNIFIED THEORY
OF ELECTROMAGNETIC MACHINES
by M.G. Say

The traditional way to teach the student of
electrical engineering about electrical machines
has been to treat a few common machines in
terms of their steady-state characteristics. This
approach is no longer adequate, and in this
book the author treats the subject by regarding
all electromagnetic conversion devices—limited
motion as well as rotary—as variants on the
common theme of gap energy. He employs
the systems concept, with its accent on dy-
namic¢ rather than steady-state conditions. In
effect, this book bridges the gap between the
simple magnetic circuit and the advanced
generalized theory so that sophisticated treat-
ments can be more readily understood.

Published by Harper & Row, 49 East 33 St,

New York, NY 10016. Hard cover. 198 pages.
$8.00.

ELECTRONIC CIRCUIT ANALYSIS

by Benjamin Zeines

Introduced here are the basic concepts and
mathematical technignes used in today's elec-
tronics. Divided into two parts, the first halt
presents the essential principles of dc circuit
theory, while the secend half is devoted to ac
theory. Taken together, the two halves repre-
sent a comprehensive, unified approach to and
comprehension of the fundamentals of elec-
tronics.

Published by Reston Publishing Co., Inc,
Reston, VA 22070. Hard cover. 422 pages.
$15.00.

BASIC ELECTRONICS COURSE
by Norman H. Crowhurst

This is a modern self-study textbook for the
novice, hobbyist, and student. The content cov-
ers the entire field of electronics from electric-
ity and magnetism right on up to semiconduc-
tors and microelectronics. Extensive use of
schematic diagrams and graphs aids the reader
is quickly absorbing the theory discussed in the
text.

Published by Tab Books, Blue Ridge Summit, PA
17214, 368 pages. $8.95 hard cover, $5.95 soft
cover.

VHF | UHF
LF/VHF

A sophisticated pro
most reliable circuitry ever conce ve

10 CHANNEL

4 Dual Channel non-restrictive programming of channels allows
any combination of preselected channels to fit your needs

# Priority channel-locks out all other signals

% Any channel may be switched out of scanning sequence

* Carrier Delay—You may hear mobile callbacks

fessional automatic scanning monitor with the

d. Has more power, more audio

FM MONITOR
RECEIVERS

and more features than other monitors. New ceramic filter provides
excellent adjacent channel operation in urban areas. All solid state.

SONAR RADI

0 CORP., 73 Wortman Ave., Bklyn, N.Y. 11207 4

2 watts of "Voice Fidelity,"” easy access plug in crystals. Dual pur-
pose power supply for 117VAC and 12VDC.negative ground only.

e Police, Fire and
Municipat Depts.

e County, State &
Federal agencies

e Commercial & In-
dustrial applications

o Other unlimited uses

Please send Information on SONAR-SCAN FM Monitor Receivers.
Dept. 702

FR-2526 VHF/UHF 95
FR-2528 LF/VHF
FR-2525—UHF only $179.95

Comes with AC and DC power
cables, mounting bracket, less
crystals.  Crystals $5.00 ea.

Name:
Address
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New Literature;

DATA SHEETS FOR MOTOROLA HEP PRODUCTS

Engineering and design data sheets are now
available for many Motorola HEP semiconduc-
tor products. These descriptive sheets contain
complete and comprehensive information on the
specified devices, including design curves rating
charts, and application schematics. Copies of the
data sheets and additional information can be
obtained from HEP representatives or from:
Motorola Inc., Semiconductor Products Div.,
5005 E. McDowell Rd., Phoenix, AZ 85036.

NEW-TRONICS CB & MONITOR ANTENNA CATALOG

New-Tronics recently announced the avail-
ability of their new 24-page Citizens Band And
Monitor Antenna Catalog. Included in the listings
are complete descriptions and illustrations of new
and improved antenna models, including the
Discone, Power Multiplier Beams, fiberglass as-
semblies, high-efficiency short antennas, Monitor-
Match, ete. Address: New-Tronics Corp., 15800
Commerce Park Dr., Brookpark, OF 44142,

MALLORY ELECTROLYTIC CAPAGITOR GUIDE

An Electrolytic Capacitor Guide, edited for the
electronics technician, is currently avaliable from
Mallory. This 32-page brochure tells how to find
a good capacitor replacement for an original
equipment capacitor of a given rating, size, and
shape. More than 4500 capacitors, including sin-
gles, duals, triples, and quad types are listed.
Address: Mallory Distributor Products Co., 101

HALLICRAFTER SW/HAM EQUIPMENT CATALOG

An illustrated four-page short-form catalog titled
“You Should Be Talking With A Hallicrafters”
features the entire line of shortwave and profes-
sional amateur radio equipment marketed by
The Hallicrafters Co. The catalog lists a 2000-
watt PEP transceiver and power supply, remote
VFO/SWR console, keyer, AM/CW/SSB re-
ceivers, and accessories. Address: The Halli-
crafters Co., Dept. PR-300, 600 Hicks Rd.,
Rolling Meadows, IL 60008.

TURNER MICROPHONES CATALOG

New product listings in the latest Turner micro-
phone catalog ( No. 2720) include four models of
multi-port cardioid dynamic mikes for use in
professional recording, broadcasting, and enter-
tainment. Included in the listings is Turner’s full
line of communication, sound system, profes-
sional entertainment, and recording microphones,
plus mike cartridges, stands, and accessories.
Address: Turner Division, 909 17 St., N.E.,
Cedar Rapids, IA 52402,

ATLAS SOUND LOUDSPEAKER BROCHURE

The first eight-page color brochure devoted ex-
clusively to their line of loudspeakers has just
been released by Atlas Sound. Subdivided into
individual sections detailing ]paging and intercom
speakers, projector horns and drivers, mobile and
industrial conumunication units, hi-fi and sound
columns, the new catalog provides complete in-
formation and technical data for more than 100
individual models of loudspeakers and acces-
sories. Address: Atlas Sound, 10 Pomeroy Rd.,
Parsippany, NJ 07054.

RCA THYRISTOR/RECTIFIER CATALOG

A completely revised catalog which lists and
describes RCA thyristors and rectifiers is avail-
able from RCA Solid State Division. Titled
“Thyristors/Rectifiers,” publication No. THC-
500B reflects the wide seﬁ’ection of triacs, SCR’s,
diacs, and rectifiers available from RCA. Also
included is information on applications of RCA
thyristors. Address: RCA Solid State Div., Box
3200, Somerville, NJ 08876.

S. Park Ave., Indianapolis, IN 46201.

SBE 220 Airport Bivd., Watsonville, CA 95076
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Surplus Scene

\

/

By Blexander W. Burawa, Bssociate Editor

WHAT’S AVAILABLE

EV ERY column in this magazine receives
mail addressed to it, but the Surplus
Scene of late has received more than its
fair share. Interestingly enough, as the let-
ters indicate, requests on where to get what
test instruments run second in popularity
only to the subject of transistors and other
solid-state devices. What is even more sur-
prising is the fact that most of the writers
are asking about precision laboratory test
gear made by such manufacturers as Hew-
lett-Packard, Sperry, Tektronix, etc. Either
you experimenters are a lot more sophisti-
cated than general-purpose instrument man-
ufacturers give you credit for or there are
some companies out there using this column
as a clearinghouse. We suspect the former
since most letters are on plain stationery
and written by hand.

This month, we will explore the entire
range of test equipment as it applies to
the Surplus Scene. And since there seems
to be so much interest in lab-type test and
measurement equipment, we will start with
the dealers who offer such devices. Accord-
ing to the listings given in the various cata-
logs and flyers, Baynton Electronics Corp.
(2709 N. Broad St., Philadelphia, PA
19132) seems to have the greatest diversity
in equipment types by more major manu-
facturers in the “for-sale” market. Typical
of some of their offerings are: Airborne In-
strument Lab’s Model 390A-3 portable mic-
rowave crystal tester for $40; a whole raft
of Bird devices ranging in price from a low
of $25 for the Model 5247 low-pass filter
to a high of $450 for the Model 8890 r-f
coaxial load resistors; and a Dumont Model
404 pulse generator for $160. Other names
to look for are Hewlett-Packard, Tektronix,
Fluke, General Radio, Minneapolis-Honey-
well, Polarad, and so on.

Herbach & Rademan, Inc. (401 E. Erie
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IN TEST EQUIPMENT

Ave., Philadelphia, PA 19134) is another
big supplier of lab-type equipment. Exam-
ples of past offerings include such items as:
the Leeds & Northrop Model 5305 re-
sistance bridge for $95; Ceneral Radio Type
1106-A-B-C frequency transfer unit for
$109.50; and Monsanto Model 506A dc lab
power supply for $79.50.

If you are starting out small and need the
best in test equipment but cannot justify
the expense of purchasing your own, you
are in luck. There are at least two compan-
ies catering to the rental market. One is
Leasametric (822 Airport Blvd., Burlin-
game, CA 94010) which sells and leases
test instruments. The other is Rental Elec-
tronics, Inc. (16600 Oakmont Ave., Gaith-
ersburg, MD 20760) which—according to
the catalog—only leases equipment.

For most readers of this column, rugged
general-purpose test equipment is more than
adequate. If you fall into this category, sur-
plus military test equipment is always a
good bet. All such equipment is extremely
rugged (most built according to U.S. Army
Signal Corps standards) and most provide
good accuracy when properly calibrated.
Every dealer who carries military surplus
gear features some type of test equipment.
For example G&CG Radio Supply Co. (45
Warren St., New York, NY 10007) features
the TS-155C/UP general-purpose signal
generator for $69.50 brand new and the
BC-906 portable absorption-type frequency
meter, also new, for $12.95. Fair Radio
Sales Co. (1016 E. Eureka St., Lima, OH
45802) is another military surplus dealer
which has been catering to ham radio and
experimenter interest for years. Among the
various types of instruments they offer are
the TS-305/U VTVM type multimeter for
$40 an-l the BC-221 frequency meter for
$95, including calibration book. ®
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ELECTRONICS MARKET PLACE

NON-DISPLAY CLASSIFIED: COMMERCIAL RATE: For firms or indi-
viduals offering commercial products or services, $1.50 per word
(including name and address). Minimum order $15.00. 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” by 1 column (2%” wide), $185.00.
2” by 1 column, $370.00, 3” by 1 column, $555.00. 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 eopy 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. Closing Date: 1st of the 2nd month pre-
ceding 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 York 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,

ROCKETS: Ideal for miniature transmitter tests. New illustrated
catalog. 25¢. Single and multistage kits, cones, engines, launch-
ers, trackers, rocket aerial cameras, technical information. Fast
service. Estes Industries, Dept. 18-K, Penrose, Colorado 81240.

LOWEST Prices Electronic Parts. Confidential Catalog Free.

KNAPP, 3174 8TH Ave. S.W., Largo, Fla, 33540.

ELECTRONIC PARTS, semiconductors, kits. FREE FLYER. Large cat-
alog $1.00 deposit. BIGELOW ELECTRONICS, Bluffton, Ohio 45817.

. Y ELECTRONICS
Reconditioned & Used

FM 2-WAY RADIO SAVINGS
Portial List—Send for New Cotaleg

MOTOROLA U44BBT

450-470 MHz
12 volt, 15 watts transistor
power supply.

id

With accessories add $30.00
MA/E13 MA/E33
30-50 MHz 150-170 MHz

6/12 volt, 30 watts,
viorator power supply

8

With accessories, add $30.
(Earlier serial number, $28.
plus $30. for accessories)

15,000 2-way FM mobile units in stock!

6/12 volt, 30 watts,
vibrator power supply

568

‘With accessories, add $30.
(Earlier serial number, $48.
plus $30. for accessories)

Send for new 1972 catalog

GREGORY ELECTRONICS CORP.

249-F Rr. 46, Saddle Brook, N.J. 07662
Phone; (201) 489.9000
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WE SELL CONSTRUCTION PLANS. TELEPHONE: Answering Machine,
Speakerphone, Carphone, 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. Plans $4.95 each. NEW ITEM: $75. Electronic
Pocket Calculator, $7.50. COURSES: Telephone Engineering
$39.50. Detective Electronics $22.50, Integrated Circuit Engi-
neering, $49.50., NEW SUPER HDBBY CATALDG 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.

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.

MECHANICAL, ELECTRONIC devices catalog 10¢. Greatest Values
—Lowest Prices. Fertik's, 5249 ‘D", Philadelphia, Pa. 19120.

SENCDRE, B&K Test Equipment Unbelievable Prices. Free Catalog
and Price Sheet. Fordham Radio, 265 East 149th Street, Bronx,
N.Y. 10451,

ELECTRONIC Ignition. Various Types. Information 10¢. Anderson
Engineering, Epsom, N.H. 03239.

METERS—Surplus, new, used, pane! or portable, Send for list.
Hanchett, Box 5577, Riverside, CA 92507.

PYRDTECHNICAL chemicals, casings, tools, supplies, fuse, liter-
ature. Giant, illustrated catalogue/handbook includes formulas,
instructions—50¢, with samples—$1.00. Westech, Box 593,
Logan, Utah 84321,

BUILD YOUR OWW SPACE-AGE TV CAMERA
A

ONLY KNOWN  SOLID-STATE CAMERA KIT! ldeal for experimenters,
indusiry, eic. ®
uin years_of lob & leld tesfing &
o my TV set without
~al *  Model

o, aducati quality # Boched by over
i wlly Bozm.-nd * Connects
ification Seep-by siep consbucticn
mam XT-1A, Serita 50
postald anywhars in USA & Canade

PHOMNE or WRITE for

DIAL 402-887007T1

other hits, perts and phans avall hoding starter kits, focus-
m :ni;l', widicon tobes, const. dia subcarrier kit, ete.

1301 BROADWAY ATV Research  oaxomn ary, Nk, 6873

ELECTRONIC IGNITIDN: Improves performance, Eliminates tune-
ups, Boosts spark voltage. Only $14.95 postpaid. Box 2002,
Huntington Beach, California 92647,

SUPREME twenty different radio-television volumes. $50 value,
only $19.95, postpaid. Supreme Publications, 1760 Balsam,
Highland Park, !llinois 60035,

DIAGRAMS—Radios $1.50, Television $3.00. Give make and
model. Diagram Service, Box 1151PE, Manchester, Conn. 06042.

ELECTRDNIC COMPONENTS—Distributor prices, Free catalog. Box
2581, €l Cajon, California 92021,
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ANTIGRAVITY, experiment and theory, Rushed—$2.00. U.S. In-
quiries. Intertech 7A12, Box 5373, Station-F, Ottawa, Canada.

JAPAN HONG KONG DIRECTORY. World products information.
$1.00 today. Sekai Shogyo Annai, Hillyard, Washington 99207.

EUROPEAN and Japanese bargains catalogs. $1 each. Dee, P.O.
Box 9308, North Hollywood, Calif. 91609.

GET '*Music Only’’ FM Programs. SCA Adaptor fits any FM tuner
or receiver. Free list of stations with order. Kit $14.50 {with
Squelch $19.50) Wired and Tested $25.00 (with Squelch $29.95).
Al plus postage and insurance. Thousands Sold. SWTPC, Box
E32040, San Antonio, Tex. 78284,

BURGLAR Alarm Systems equipment, dealers and private. Write:
United Security, Box 2428, Dublin, Calif. 94566.

FREE Kit Catalog: Shortproof powersupply $39.50. Ultrasonic
Alarm $37.25. SWTPC, Box B32040, San Antonio, Tex. 78284.

FREE Catalog. Parts, circuit boards for Popular Electronics proj-
ects. PAIA Electronics, Box C14359, Oklahoma City, OK 73114.

FIRE & BURGLAR ALARMS
1972 Handbook & Catalog

Save Hundreds :
of Dollars

Learn the cost of Professional Alarm
Equipment. Know how it is installed.
Discover how you can save Hundreds-
Of-Dollars by installing your own sys-
tem. See the latest in technology such
as LASER BEAMS, INFRARED BODY
HEAT DETECTORS and ELECTRONIC R

SIRENS. 1972 ""Handbook & Catalog’’,

84 pages. just $1.00 postage and handling. $1.00 is credited
to first order.

ALARM COMPONENT DISTRIBUTORS

33 New Haven Ave., Dept. P.E., Milford, Conn. 04460

FREE Kit Catalog: Color Organs $11.00. Psychedelic Strobes
$17.50. Professional quality-lowest prices. SWTPC, Box F32040,
San Antonio, Tex. 78284.

TEST EQUIPMENT, Aerospace-Laboratory 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, Beverly Hills, Calif. 90213.

AMATEUR SCIENTISTS, Electronics Experimenters, Science Fair
Students . . . Construction Plans—Complete. including draw.
ings, schematics, parts list with prices and sources . . . Robot
Man — Psychedelic shows — Lasers — Emotion/Lie Detector —
Touch-Tone Dial—Quadrasonic Adapter—Transistorized lgnition
—Burglar Alarm—Sound Meter . . . over 60 items. Send 25¢ coin
(no stamps) for complete catalog. Technical Writers Group, Box
5594, State College Station, Raleigh, N.C. 27607.

SURPLUS electronics for everyone. Free catalog. U.S. inquiries.
ETCO, 464 McGill, Montreal, Canada.

SEMICONDUCTORS at industrial discount prices. Catalog $1.00.
Box 24395, San Jose, California 95134,

WRITE for our free 32 page catalog. 1t lists resistors (14 differ-
ent types, in kits and singly), 1542 tube types, 3024 different
transistor types, many transistor kits, rectifiers in kits and
singly, condensers of various types, tools, wire, antennae, phono-
graph cartridges and needles, speakers, CRT boosters, controls,
switches, T.V. tuners, yokes, fly-backs, etc. Hytron Hudson,
Dept. PE, 2201 Bergenline Ave., Union City, N. J. 07087.
ELECTROENCEPHALOPHONE: brainwave monitor. Professional bi-
ofeedback instruments. J&)J, 8102-E, Bainbridge, Wash. 98110.

CONSTRUCTION PLANS. List 25¢. Refundable. Bob Dondelinger,
9138 Greenwood, Des Plaines, Illinois 60016.
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RADIOLOGICAL INSTRUMENT VicToreen MopeL710B sﬁgms‘

89,95 o

Tess batts.

This is a monftoring instrument for
™. measuring gamma radiation (from
0.1 to 50 roengens/hr. Altho

designed to detect radio-

* active contamination levels
caused by nucltear accid-
ents, its sensitivity to
uttra-minute electrical
currents should make this
a valuable. tool in the
experimental sciences.
The Atomic Energy Commis-
sion requires far more elabor-
ate- detection instrugents to

safeguard workers from plutonium

radfation of these gamma.rays—particles
Batterfes cting to their shoes and clothing.
$1.00 extra This instrument is sensitive to a current flow

* as small as 0.000005 uA (full scale).Imagine the
many uses it can be put tol It's practically an electrometer. The
damped 20 uA meter is ruggedized, sealed in a water-tight case
-and is shock and vibratfon resistant. Gasma rays passing through
the hermetically-sealed fonization chamber “charge” air motecules
inside this chamber. These charged particles (fons) cause a cur-
ent flow, The circuitry amplifies this minute current so that it
may be read on the meter. Meter includes a resistor decade (glass
sealed, 1000 h 0,000 h 100,000 hms; made by
Victoreen) matched to -2%. Has a range-scale switch and a Yzero®
adjust knob/control. Case is shack-resistant, yellow plastic and
inciudes carrying strap. Overall size of cabinet 4"x 5"x 9*long.
Book of instructions includes circuit diagrams and theory of op-
eraticn. Plenty of room to rebuild to suit your new ideas.

GE READOUT $1.95 BURROUGHS

Sharp, bluish-green fiuorescent digital R
display; 7/16” numeric characters in %” B-7971
glass envelope. Filament: 1.5 volts at 45
mA. Plate: 25 volts at about 5 mA. Long,
1.5” leads. No socket required.

As used on stock-market quotation
boards. All alpha and digital characters
are 214" high. Overall height is 412”.
The fifteen-segment neon tube operates
‘at 170 volts dc. instead of sockets, we
supply contacts that fit on the pins (no

extra charge). $1 95 EACH

ELECTRONIC ORGAN

11291211111

ELECTRONIC ORGARN $3.35

A basic, pretuned, single octave,  Kit includes
(diatonicg organ with enough output 1 Transistor

KIT #KC4A

AMWe—)>  put to drive a speaker. For greater 11 Resistors
< volume connect to any radio. Easily 2 trimpots
= fnstalled within a toy piano: fine 1 Capacitor

‘]’: for kids! Complete construction-in- Perf-board
,"_) struction booklet includes 1ab uses. 1 Batt Clip

VIBRATION/DISTURBANCE/NOISE DETECTOR
This ready-to-use unitonly requires three wire
connections. Its SCR is triggered when an un-
usually loud noise or vibratiun is detected by
its crystal microphone. A beli,relay,alarm-sys-
tem or motor can be activated. Uses batteries,
4 to 6 VOC (or pwr. sply). Solid state, only
1"x 1"x 3"long.Includes wiring diagram and sug-
gested uses,We were Tucky—we got a bargain—
which we would Tike to share with you and get
you on our mailing Tist. Just two to a customer
please. Price, 48¢

i imple test kit for checking,zeners.

ZENERS 572 13 3s3orted, annarked zeners 4q0ma) from

1 V. to 48 V. At least 42 are OK,if not,we will replace,

FREE, any you wish to return. Price KIT & ZENERS--E'I.%

FAIRCHILD RTL IC’'sA11 new, original packing

EACH o |FuL 900 Buffer (epoxy T0-5)

§g¢FOR sﬁsatod FuL 914 Dual 2-input gate (epoxy T0-5)
! FuL 915 Dual 3-input gate (metal T0-5)

50 ror $20.00 !ruL 923 JK F1ip-Flop {epoxy TO-5)

Please add postage for above 1tems

Terms: Net cash w/order. Write for catalog.
CORTLANDT ELECTRONICS INC.

16 Hudson St. New York. N.Y. 10013
CIRCLE NO. 6 ON READER SERVICE CARD
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INVENTORY CLEARANCE
PRICES SLASHED
LINEARS
709 TO-5 op amp .40
710 TO-5 comparator .50
723 TO-5 volt. reg. 1.00
741 TO-5 comp. 709 .45
809 DIP op amp .45
5558 DIP dual 741 1.00
NE 565 Phase Locked Loop 3.50
[REaDOUT TUBES
ZM1000 2.00
8754 3.10
CK 1907 plus and minus
sign tube 3.10
DIODES
1N914 100 for 3.00
1N4001 60 for 3.00
1N4004 40 for 3.00
1N4007 25 for 3.00
1N4729A 15 for 3.00
1N4734A 15 for 3.00
Min. order $3.00. On orders less than $10.00 enclose
.50 for postage and handling. Send check or M.O.
Send for our free flyer on many other bargains.
The John Edwards Electronics Co.
P.0. Box 465, Glen Ellyn, 1li. 60137

—_CIRCLE NO. 45 ON READER SERVICE CARD

REGULATED
POWER SUPPLY

This supply has five
regulated voltages. 24 vdc @1.6 amps,26.5 vdc @
3.25 amps, 18 vdc @6.6 amps.,14 vdc @2.9 amps,
12 vdc @ 1 amp. Highly reguiated and filtered,all
voltages fused, Rack or bench mount. Designed
for leading computer mfg. Orlginal cost over $250.
Complete with data sheets, circuit diagram etc.
STOCK NO.F5025 49.50 ea.

‘“VISIBLE"” LIGHT EMITTING DIODES
Micro min. axiat leads STOCK NO.F5020

.95 ea. 6/5.00 25/19.00
Jumbo TO-18 STOCK NO.F5021
.95 ea. 6/5.00 25/19.00

POWER TRANSISTOR/HEAT SINK ASSEMBLY

il

wees| Westinghouse 1561-0404 (similar to 2N3055,
L=~ mounted on double ribbed heat sink, with

I TO-3 socket and .2 ohm emitter resistor,

| 75 watts. A pair makes an entire amplifier
output stage.

STOCK NO. F5022 1.35 ea. 2/2.50 8/9.00

COMPUTER GRADE CAPACITORS (BRAND NEW)

40.000 mfd. 10 volts 1.25 ea. 6/7.00 Stk, No. F2026
70,000 m{d. 10 volta 1.75 ea. 6/9.00 Stk. No. F2118
6000 mfd, 55 volts 1.50 es. 7/9.00 Stk. No. F2117
3,750 mfd. 75 volts 1,75 ea. €/9.00 Stk, No, F2116

MINIMUM ORDER $3.00
Many other items—send for new 40 page catalog.
All merchandise guaranteed. Please include
postage. Excess will be refunded.

A\ DELTAFLICTRONCS €0,
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SCIENCE TEACHER: Theory, models, kits. Sercolab, P.0. Box
78H, Arlington, Mass. 02174,

SIGNAPROBE—the signal tracer you carry in your pocket like
a pen. $29.95 postpaid. Details 8¢ stamp. Bitting Radio, Box 13,
New Cumberland, Pa. 17070.

DIGITAL and analog computer modules. LED numeric display
kits. FREE LITERATURE. Scientific Measurements, 2945 Central,
Wilmette, lllinois 60091

ELECTRONIC ORGAN KITS, KEYBOARDS for music synthesizers
and organs, Every camponent for organ circuitry, 25¢ for
catalog. Devtronix Oigan Products, 5872 Amapola Drive,
San Jose, Calif. 95129,

AUTOMOBILE BURGLAR SYSTEM with system connected even
HOT WIRING will not start motor $7.95 complete. VANSONS
MFG. & SALES, 10175 Breidt, Tujunga, Calif. 91042,

OSCILLOSCOPE improvement. Add trigger sweep and dual trace
to any scope using low cost kits. HTP, Box 901, Cupertino,
Calif. 94014.

WE SELL CONSTRUCTION PLANS—gold recovery unit!'—silver
recovery unit—infra-red scope—x-ray fluoroscope—alternator
adapter—200 watt inverter—electronic insect trap—burglar
alarm system—chemical formulary (home products)—electro-
plater—plans $5.00—plas many more'—ask for FREE catalog—
creative products, 1551 east loop 820, Dept. E-972, fort worth,
texas 76112,

LEARN the secrets of the experts. Protect against industrial
espionage and snooping by illegal wiretaps and eavesdropping
devices. For your booklet, ‘‘The Walls May Have Ears'’ send $2.00
to East Coast Research and Development, 1408 Concord PI.,
Elizabeth, New Jersey 07208.

OSCILLOSCOPE improvement. Add trigger sweep and dual trace
to any scope using low cost kits. HTP, Box 901, Cupertino,
California 95014.

SCOPES, Counters, Meters, Bridges, Precision Instrumentation
Components. Industrial and Government Surplus, G-R, Tektronix,
H-P, Weston and others. Many “one of a kind’ specials. Send
name and address for free ‘‘Bargain Bulletins’ to: Lawrence
Instruments, P.0. Box 744, Sunbury, Pa. 17801,

CD1 Ignitions—3 models. Southland, Box 3591, Baytown, Texas
77520,

THE most unusual electronic kits available. Surf Synthesizer
$11.95 ppd., Electronic Steam Whistle $8.95 ppd., electronic
music accessories, many more. Catalog free. PAIA Electronics,
Box J14359, Oklahoma City, OK 73114.

SAVE $100. Electronic Digital Calculator, Special Sale, Famous
brands. Office, Personal. Also calculator kits, Electronic digital
clock kits. Write: Hope Electronics, P.0. Box 181, Brooklyn, N.Y.
11210.

FINALLY! Realistically priced high quality telephone recording
device. Size 3x1%2x1”. Plugs into tape recorder with standard
miniature plug. Special plugs (specify) no extra charge. Easy to
follow instructions, fully guaranteed. Only $9.75. California
residents add 5% tax. Viking International, Box 632, Newhall,
Calif. 91321.

RESISTORS: Carbon Compasition brand new. Ali standard values
stocked. 12 Watt 10% 50/$1.00; Y4 Watt 10% 40/$1.00. 10
resistors per value please. Minimum order $5.00. Postpaid. PACE
ELECTRONIC PRODUCTS, Box 161-P, Ontario Center, New York
14520.

COMPUTER ELECTRONICS—Complete course teaches basic of
Logic Design, Handy devices you can build! Free details. DYNA-
SIGN, Box 60-A2, Wayland, Mass 01778.

BURGLAR-FIRE alarm supplies and information. Free catalog.
Protecto Alarm Sales, Box 357-G, Birch Run, Michigan 48415,

TELEPHONES—parts. Literature 10¢, Comet Communications,
Dept. D, 639 50th Street, Brooklyn, New York 11220.

LATEST snooping countermeasures: Manuat $10.00. Negeye, Box
1036X, Anderson, Indiana 46015.
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TELEPHONE PICK-UP for cassette recorders: $2.00. Monitor ear-
phone; $1.00. Mardon Enterprises, Box 97, Rockwood, Michigan
48173.

UNIQUE and unusual electronic project plans. Free information
send Design Systems, Box 386, Endicott, New York 13760.

PLANS AND KITS

FREE Kit Catalog: Why does every major College, University,
Technical School, Research & Development Center buy from us?
Because we have the highest quality and lowest prices. Free
catalog. SWTPC, Box H32040, San Antonio, Tex. 78284,

FREE Kit Catalog: Amazing new Universal Digital Instruments
with plugins as featured in Popular Electronics. Unbeatable
prices. SWTPC, Box D32040, San Antonio, Tex. 78284.

FREE Kit Catalog: Digital Microlab $29.95. Also Segmented and
Nixie Readouts, Timebases, Scaler, Electronic Digital Clocks (all
featured in Popular Electronics) SWTPC, Box (32040, San
Antonio, Tex. 78284.

TRIGGERED Sweep conversion kits for EICO 460 or Heath 10-102.
Details write: HW Electronics, Bloomfield, Ontario, Canada. U.S.
Inquiries.

PLANS: Profitable electronic devices. Literature free. Barta-PAE,
Box 248, Walnut Creek, Calif. 94596.

ANTIGRAVITY DEVICE, Brochure 35¢. AGD, Box 3062-2D, Bartles-
ville, Oklahoma 74003.

WANTED

QUICKSILVER, Platinum, Silver, Gold, Ores Analyzed. Free Circu-
lar, Mercury Terminal, Norwood, Mass. 02062,

QUICK CASH . . . for Electronic Tubes, Semi-Conductors, Equip-
ment (Receivers, Transmitters, Scopes, Vacuum Variables etc.)
Send Lists now! Write: Barry Electronics, 512 Broadway, New
York, NY 10012. (212) 925-7000.

ELECTRICAL SUPPLIES
AND EQUIPMENT

PLATING Equipment, Portable Platers, Supplies and “Know-
How.” Build your own tanks for nickel, chrome, etc. Easy-to-
install PVC 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.

TUBES

RADIO & T.V. Tubes—36¢ each. Send for free Catalog. Cornell,
4213 University, San Diego, Calif. 92105.

ELECTRONIC TUBES, Semiconductors, Equipment, Telephones,
Public Address, Intercoms, CB, Walkie-Talkies, etc. Quality Mer-
chandise Only! Serving Engineers, Purchasing Agents, TV/Hi-Fi
Servicemen and Hams for 28 years, Domestic and Export. Write
for Catalog or cail (212) 925.7000. BARRY ELECTRONICS, 512
Broadway, New York, N. Y. 10012.

RECEIVING & INDUSTRIAL TUBES, TRANSISTORS. All Brands—
Biggest Discounts. Technicians, Hobbyists, Experimenters—Re.
quest FREE Giant Catalog and SAVE! ZALYTRON, 469 lJericho Turn-
pike, Mineola, N.Y. 11501.

SAVE money on parts and transmitting-receiving tubes, foreign-
domestic. Send 25¢ feor giant catalog. Refunded first order.
United Radio Company, 56-P Ferry Street, Newark, N.}. 07105.

TUBES “‘Oldies’, latest. Lists free. Steinmetz, 7519 Maplewood,
Hammond, Indiana 46324,

TUBES receiving, factory boxed, low prices, free price list.
Transleteronic, Inc., 1306 40th Street, Brooklyn, N.Y. 112184,
Telephone: 212-633-2800.
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ELECTRONIC

~y  CALCULATOR |
\,; COMPLETELY WIRED §

// « Uses single Texas Instrument #Chip’’
%', « Features found in more expensive units
Onl 10% Discount In lots of 3
Y Never helore offered at this price! You've scen them at
$ 8175, — but now at a price calculator users
can aﬂ-ml HGHTJ)I(‘IT Maiorescent display has 16-

.dmn. capucity. Adds! Subtmacts! Multiplies! und Div-

des! in clnin or mixed calculations. Includes MINUS

gn  showing negative credit balance, OVERFLOW

NEw l\l)l(/\Tl)R 10 to the eight power, CON TANT (K}
MEMORY switch. Floating decimal or 2, 3, 1. i decimal

points  as required. (CE) key clears ‘aleulator of

last entry error. Automatic loading and trailing zero
suppression. LSI (Large Scale Integration) equivalent

i more than 8,000 transistors. Calculation speed

dds and subtracts 10,000th of a second. Keyboard is

) SWITCH u:semhly for extensive trouble-free

Keparme power switch, Removahle 115

rd, Fower 110-120 VAC 50.60 cycles, Wit

lhmlsuml‘ black nmhh-d £ hinet with silver

trim, size: 0} %™ L omiplete  with

easy-to-un . THE ONLY FACTORY
GU. o) A MAIL ORDER

TS5 CLOCK KIT
/f; DlG'Tn

Buy 3 — Take 10%
maller more compact 8" x S13” x 3” case
The lowest price digitil dock kit (with cabinet) as
far us we can see in U.S.A. Scicntific Devices' engi-
neering dept, took extra patience in designing to RKive
vau the finest digital clock kit using the lutest tech-
niques in an eas}-ti-undemstand booklet. Th abinct -
making scction gi it the “interior decorating®’ touch
80 that it may 4t into any room at home, shop or
office. Walnut laminated tapered front cahinet, with
gold-line front, Tapered legs for casy Viewing. Large
G.E. 7-segment fluorescent "blue-green’”  polaroid
glow for the latest casy-viewing. FEATURES: 6 display
tubes, completely viched and thru plated circuit bourd,
By Scientific all IC's. Includes BCD cutputs for use with llmer
options, may be wired for 12 or 24 hour display
Devices [pdicates HOURS, MINUTES, SECONDS. 116 VAC 60

cy. Gift packed. Wt. 3 lhs

Description

BRAND NEW Hi siew rate op-amp
l Micro power 709

- FET input op amp

. 70W pwr driver amp
Pretision 723 voltage reg.
Phase luck loops (A)
Phase inck loops (A}
Phase lock loops (A)
Phase leck loops {(A)
Function generator (A}
Tone dexoder (A)
Dual 741 (mini DIP)
Four quandrant multiplier ..
Hi-galn, DC amp, TO-5 . .2 for
RF-IF, Imn. 14 ckts, T0-5

So el e bl Lo o b ot 2 B K2
coconn

Timer -
2 uSec to 1-hr
Osss .....3.19

@ FACTORY MARKED
® FACYORY TESTED
® FACTORY GUARANTE!

req.
709 709 Dual 709C (DIP)
] 739-739 Dua! stereo prea
| 741-741 Dual 731C (mlnl DIP)
| 749-749 Dual channel amp 1.
(A) TO-5 or DIF duat in line pak

Buy 100 — Take 20%

* Factory Marked!

Factory Guarantesd!
Type

Poly Paks Will Never Be Undersold!
LgWEST PRICES ON TTL

'S  Buy 3 — Take 10% Discount

Ne Gimmicke Oll Prleln , Dell
Quality! We're ~The Onty 1C Advertiem
with MONEY BACK GUARANTEET

SNT443 1.21 [] SN7481 1.80 [] SN74150
L SN7482 .99 [| 5M74131
T SM7483 149 [
© SNTass

. £ 1.58 ;—‘
SHT442 - SNTABO SN7414S 1.33 1

DO0O0DDONODCCOONCITIn0000

snuns

Best Terms: add postage, cod's 25 7%. Rated: net 30
Values Phone Orders: Wakefield, Mun, 1617) 245-3829
Retail: 2 I l Alblon St., Wakett
D.'S MAY BE PllONLD > °Iiv
P.0. BOX 942 E
Lynnfield, Mass. 01940
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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, Brookiyn,
New York 11218.

STEREO Components at lowest prices. Send for free catalog.
Carston, Box 1094-A, Danbury, Conn. 06810.

FREE Kit Catalog. Amplifiers: Lil Tiger $11.10, Universal Tiger
$30.00. Preamp $44.50 (Featured in Popular Electronics) Mixer-6
Input $13.75. SWTPC, Box A32040, San Antonio, Tex. 78284.

TAKE SOUND OFF your Cassette or Cartridge with ‘‘ERASETTE".
Our exclusive electronic wash (-65db 0-VU) gives you a like new
Cassette or Cartridge in an instant. Less than 1—Ib: self con-
tained, 4—"AA" battery powered. $12.50 postpaid. Calif. resi-
dents add sales tax, Magnesonics Corp., Box 127, Northridge,
California 91324,

HI HLY effective home study courses in Electronics Engineering
Technology and Electronics Engineering Mathematics. Earn your
Degree. Write for Free Descriptive Literature, Cook’s Institute of
Electronics Engineering, (Dept. 15), P.0. Box 10634, Jackson,
Miss, 39209. (Established 1945).

ASSOCIATE DEGREE fN ELECTRONICS through correspondence
instruction. G.I. Bill approved. Free catalog. Grantham, 1509 N.
Western, Holtywood, California 90027.

FCC First and Second Tests. $8.95. Electronic Tutoring, Box
24190, Cleveland, Ohio 44124,

LOGIC trainers catalogs 50¢. UTI, POB 252, Waldwick, N.J.
07463,

EARN College Degrees at home. Many Subjects. Florida State
Christian College, Post Office Box 1674, Fort Lauderdale, Fla.
33302.

HIGHLY Effective, Profitable Short Courses. (75 Choices). Study
At Home. Diploma Awarded. Our 27th Year. Free Literature.
CIEE-D, Box 10634, Jackson, Miss. 39209.

McGEE RADIO COMPANY
World's Best Selection of Speakers
Almost Every Size From 1% to 18"

WOOFERS — TWEETERS — CROSSOVERS
MANY HIGH FIDELITY KITS.
McGee’s Speaker Catalcg
Sent Free Upon Request

NORELCO HI-FI SPEAKERS
An Added Full Line of Norelco Hi-Fi Speakers
For The System Builder
McGEE RADIO COMPANY,
1901 McGee Street PE,
Kansas City, Missouri 64108

TAPE AND RECORDERS

STEREQ TAPE RENTAL for particular people. Free catalog. Gold
Coast Tape Library, Box 2262, Palm Village Station, Hialeah, Fla,
33012.

OLD Radio Programs on cassettes or reels. High quality, low
prices, thousands to choose from, professional equipment,
catalog 50¢. Remember Radio Inc., Box 2513, Norman, Okla.
73069.

RENT 4-Track open reel tapes—all major labels—3,000 different
—free brochure. Stereo-Parti, 55 St. James Drive, Santa Rosa,
Ca. 95401.

MEMOREX recording tape. audio & video lowest prices, write for
free information. Bergetz Systems Co., Box 1181, Melrose Park,
1. 60161.

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. JW Electronics, Box 51C, Bloomington, Indiana 47401.

INSTRUCTION

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-ZD, Olympia, Washington 98501.
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AVIATION ELECTRONICS TECHNICIAN—Prepare for exciting
career in new field of ‘Avionics'". Train at nation’s largest aero-
nautical school. Indicate if eligible for G.l. Benefits. Spartan
Airschool, International Airport, MM, Tulsa, Oklahoma 74151,

AMATEUR RADIO, For getting your General Class or higher
license in the shortest possible time, complete correspondence
tape-recorded no textbook license courses. Amateur Radio Li-
cense School, 12217 Santa Monica Boulevard, Los Angeles, Calif.
90025.

DRAFTING—BIlueprint Reading (Mechanical, Electronic, Archi-
tectural). Home Courses $25.00. Send $2.00 first lesson.
Prior Inc., 23-09 169th Street, Whitestone, New York 11357.

F.C.C. TYPE Exams Guaranteed to prepare you for F.C.C., 3rd.,
($7.00), 2nd., ($12.00), 1st., ($16.00), phone exams; Complete
package, $25.00. Research Company, Rt. 2, Box 448, Calera,
Alabama 35040.

HIGH SCHOOL DIPLOMA for adults. Earn State Diploma. Accepted
by Civil Service, business, cotleges. Low cost. No tedious study.
Money-back guarantee. Details: H-S Program, Suite 2504, 1221
Avenue of Americas, New York, N.Y. 10020.

DN THE AIR announcer training at R.E.l. features individual
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.l., 1336 Main Street, Sarasota,
Florida 33577.

LEARN RECOROING FROM STUDIO ENGINEERS. Free literature,
Write: NNA, Box 721-F, Rye, New York 10580.

The Original Test-Answers exam manual
that prepares you at home for FCC First
and Second class licenses. Includes Up-

Dated multiple choice tests and key

Schematic diagrams.

PLUS = "Self-Study,
Ability Test.

ONLY: $9.95 Postpaid’

COMMAND PRODUCTIONS P.O. BOX 26348-P
RADID ENGINEERING DIVISION SAN FRANCISCO, CALIF. 94126

DO-IT-YOURSELF

ORNAMENTAL FOUNTAINS BY RAIN JET Provide ‘‘Showers of Dia-
monds.” Patented. Our “Junior let Set'’ includes various foun-
tain heads for use with your pump in your pool. From $17.75
plus tax. Send for brochure with do-it-yourself fountain items.
Rain Jet Corp., 301 Flower St., Dept. FYA, Burbank, California
91503.

PROFESSIONAL ELECTRONIC PROJECT BUSINESS to advanced tech-
nicians and engineers only. Very reasonable, PARKS, 7544 23rd
Ave., NE., Seattle, Wash. 98115,
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LOWEST PRICES:
BEST SERVIC
MOST CONVENI

0% DISCOUNT ON
ORDER DESK

ON BRAND NEW FULLY TESTED & GUARANTEED IC'S
ALL ITEMS NOT SHIPPED IN 24 HOURS
1-800-323-2595 (TOLL FRFE)

S NOTE: To qualify for prices in the last three columns, you must order in ENACT
of 10 per item for oll 1€ items vu your order,

Mulu‘l;l.-x of i1

Asty Quantity Any Quantity Muttiples of 10

Per Item (Mix)  Per ltem (Mis) Pes Hem (Mix)  Per ltem (Mix)
Catalog [- 100- 1000 100 1000- 10000 Calalog I- 100 10D 100. FH0- 10000
Number 99 999 up 999 9990 up Numbee 99 9% up 999 9990  up
7400 25 .23 22 21 .20 5 43 40 38
25 .23 22 20 ©a8 64 60
25 23 22 21 20 A8 45 42
250023 22 2| 20 65 .0} 57
27 2% 28 2 21 83 .78 .72

240 22 2
M 42 30
B 4 .39
27 .2 24

Szl

14 .13 12 1 10 I\ HH3
28 .26 .24 .22 20 INEULY
o 09 07 06 05 IN$I54
N Wl)l do 09 08 07 06 05 2NJB60
IN$t002Z  F1 .10 09 .08 07 06
SUPER FAST SCHOTTRY TTL

vpes 74500, 74501 74503, TASOR TUSOU, TISIO. TISIS, (T ingnt AND with apen colleclor),
TAS20, 74821, TASH0, 74851, T4S60, THNG4, (4-2:3-2 mput AMLO IR gale), 74565 (open

collector 74564); your six column prices are:
[NEY 1.08 1.02 0.96 0.90

Types 7IS04, 74505, THS40, 745140 (Dual 4-input NAND line Driver): yonr six column prices are:
1.37 1.30 1.22 1.08 101

Types TESTI, TISTH, TAST, TASTH, 74S107, T4S112, TAS113, TS Lb: yonr six columa prices are:
1.98 187 1.76 1.65 1.5 143

(X373

L5
ALL TGS are applied in 8-, 14-,16-, or 24-pin DIP (Dualin-Line) plastic package

We give FREE data shrtlsupun requesl, so ask for (hose data sheets that you Nl;hl) even for those Tisted IC
{hat you arc uot buying.

LED
T.SEGMENT
DISPLAY

$4.95 Each

rge %" 7-segment LED readout similar 1o the popular MAN-1
bul with improved beightness. Ilas keft-hand decimal poind. Fitx in
a DIP socket, Expeeted fife: Over 100 Yrs, Regularly $12.95 in
single Lots, Theae are BRAND NI-W h|1|| full data sheel and
4-page. MULTIPLEXING Apphea ceds a 7447 for
driver _and ONE  CURRENT- l.lMlTIV(. RESISTOR PER
SEGMENT, Wi can supply you with one or ten lhonsand FROM
STOCK. Also available, 2] OVERFLOW dlml at the same prices,
Mixing of Regular & Overflow digit allowed,

Package of B, %W Limiting R's .......ooiieeein. . . K

.ﬂﬁﬁ*}

Incandexcent Type of Z.segment |I|spla) With
and decimal pvmnl Rated BmA per segment
. supply of 5V. Design life af 504,000 hours,
bs u 417 as a driver. In DIP l'atkgr. Each
5

SOCKET PINS: Use these rconomical
pins in: | of soldering your 1CS 1a PC boards.
Sold in conlinuous strips in mubtiples of 100 pins

only,

100 for $1.00; 200 for $1.80; 300 for $2.60
NN for $3.40; 500 for $4.20; 600 for $5.00
80 fur $6.60: 900 for $7.40

TOO for $5.80;
1000 Tor $8.20, Each Additiond 1000 $7.50

LOW VW,
LOME 3V L.
LORF, [0V,

0.47uF, 3V

M0 (F, 3
1k 507,
2uF, 50V,

ur, 15V ..
B0UF, 15V
Sthpl. 13

1N I, | EY7 NTTIN
220 uF. 15\ SUF 50N

S0 F, 15
15

10 pF, 50V

200 b, 0V,
500 4F 50V

REGULATORS.

Interally-xe(,  overloml  and
rireitil proof segulators weed no exterval compone
W{lh dala shu 1 and appli T3 Package.

21 Watt 1C-Baard Type 11E

STANCOR 8180, 2
Ideal for use with LA

ALl Ilf\mp Transfomrer.

$3.00

RATED FIRMS NET 30 DAYS. Others CHECK or
to orders under $5.00 for
add 45 and for

TERMS:
MONEY ORDER with order, Add 35

postage handling. For UPS of FIRS
AlR MAIL add 65 to your order; we pa
served by FPS in your area, we strongly recommend this servi

Solid State Systemns, Inc.
P.0. Box 773
Columbia, Mo. 65201

with 65 COD fee addilional, Canadian residenis please add 50
for INSURANCE,

MISSOURE RESIDENTS: Please add 45t Sales Tax.

WRITE OR CIRCLE READFR SERVICE (’AKD FOR OUR
CATALOG OF PARTS & SERVICES, 1T'S FREE.

Phone 314-443-3673
TWX 910-760-1453

RADLEY MIL.GRADE (5-band) RESISTORS. Any of
ANI)AR ) 1F% valnes from 2.752 1o 22ME2 % or %

nlznu 15 you are |

with its built-in $100 insuranee. COIY orders are FOB Coluribial DUALAN-LINE Wiee-Weap Ty pe

LC Sockets. BRAXD NEW with
aold plated pins.
199 100249 230999 10004999  GK-AP
14-PINS 0.40 0.35 0.30 (). 0.20
0.70 0.65 0.60 055

16-PINS 0,75
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PERSONALS

MAKE FRIENDS WORLDWIDE through international correspon-
dence. lllustrated brochure free. Hermes, Berlin 11, Germany.

MAKE friends for travel, matrimony, fishing, etc. Send age and
$1 for bulletin “Introductions.” Amity, P.0. Box 2471, Detroit,
Michigan 48231,

BUGGED??? . . . Electronic Detector locates hidden transmitters.
Literature 25¢. Security Devices, Box 671, Westwood, New Jersey
07675.

INVENTIONS WANTED

INVENTIONS wanted. Patented: unpatented. Global Marketing
Service, 2420-P 77th, Oakland, Calif. 94605,

INVENTORS! Don’t sell your invention, patented or unpatented,
until you receive our offer, Eagle Development Company, Dept.
9, 79 Wall Street, N.Y., N.Y. 10005,

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 Seeking 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 your ideas! Free “Recommended Proce-
dure”. Washington Inventors Service, 422T Washington Building,
Washington, D.C. 20005.

FREE PAMPHLET: “'Tips on Safeguarding Your Invention.” Write:
United States Inventors Service Company, 708-T Carry Building,
Washington, D.C. 20005.

BOOKS

FREE catalog aviation/electronic/space books. Aero Publishers,
329PE Aviation Road, Faltbrook, California 92028,

FREE book prophet Elijah coming before Christ. Wonderful bible
evidence. Megiddo Mission, Dept. 64, 481 Thurston Rd., Roches-
ter, N.Y. 14619.

RECORDS

CHAPEL Records Club—Free catalog. 10008 Richmond, China
Lake, Calif. 93555,

GOVERNMENT SURPLUS

GOVERNMENT Surplus. How and Where to Buy in Your Area. Send
$1.00. 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,
Oscitloscopes, 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 included catalog). Surplus Service, Box 820-J, Holland,
Michigan 49423,

124

GOVERNMENT SURPLUS. Complete sales directory $1.00. Surplus
Publications, Box 26€62Z, Los Angeles, Calif. 90026.

MANUALS for gov't surplus radios, test sets, scopes, teletype.
List 25¢. Books, 4905 Roanne Drive, Washington, D.C. 20021.

BUSINESS OPPORTUNITIES

i MADE $40,000.00 Year by Mailorder! Helped others make
money! Start with $10.00—Free Proof, Torrey, Box 318-N, Ypsi.
lanti, Michigan 48197.

$200.00 DAILY In Your Mailbox! Your opportunity to do what
mail-order experts do. Free details. Associates, Box 136-J, Hol-
land, Michigan 49423,

START small, -highly profitable electronic production in your
basement. Investment, knowledge unnecessary. Postcard brings
facts. Barta-PEB, Box 248, Walnut Creek, California 94597.

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 (1K9), 333 North
Michigan, Chicago 60601.

FREE BOOK ‘999 Successful, Little-Known Businesses.” Work
home! Plymouth BGJ, Brooklyn, New York 11218,

MAKE $1.00 per sale selling engraved metal Social Security
plates. FREE SALES KIT. Engravaplates, Box 10460-200,
Jacksonville, Florida 32207.

400,000 BARGAINS Below Wholesale! Many free! Liquidations

... Closeouts . . . Job lots . . . Single Samples. Free details.
Bargainhunters Opportunities, Box 730-J, Holland, Michigan
49423.

CB DISTRIBUTORS WANTED—Reliable CB units can build your
profits. SILTRONIX, a Cubic Corporation company, is in the
process of expanding its nation wide distribution network for
Citizen-Band equipment. If you have aggressive dealers eager to
sell quality products in this lucrative market, contact Bob Miller
for details of our profit building plan. Call (714) 757-8860, today.
SILTRONIX, 221 Via E! Centro, Oceanside, Calif. 92054,

PIAND TUNING learned quickly at home. Tremendous field! Musi-
cal knowledge unnecessary. GI Approved. Information Free.
Empire School, Box 327, Miami, Florida 33145.

pYourOWN| F£ A
- - ' i v ;
ni IOI'I » EL i
by Donuld M. Dible ’
A complete guide on how to start and finance a business,

Send for free brochure. Entrepreneur Press, Dept. A-95
Drawer 2759, Santa Clara, Ca 95051.

FREE BOOK '‘2042 Unique, Proven Enterprises.” Largest success-
ful, moneymaking Collection in world! Fabulous ways to beat in-
flation! Work home . . . sparetime! Haylings-B, Carlsbad, Calif.
92008.

TREASURE FINDERS

FISHER DETECTORS. You deserve the best. Free literature, FRI,
Dept. PE-9, P.0. Box 490, Belmont, CA 94002.

TREASURE Hunters! Praspectors! Rockhounds! Hobbyists! Find
gold, silver, relics with world famous Detectron Metal Detectors.
Free information. Delivery immediate. Detectron, Dept. 9-PE,
Box 243, San Gabriel, Calif. 91778.

TRANSISTORIZED detectors—$19.95 to $79.95. Family fun and
fortune. Catalog write: Treasureprobe PE 25, Tennent, N.J.
07763.
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50 MEGAHERTZ LOW.COST COUNTER
Mere 13 3 new item,
leatured because of
. humerous customer
suggestions.
We have taken the
bac power supply,
chasis and  cover
from our clock kit,
and by substituting
2 new front pavel
and printed circult
board, have made a
lowest cost frequency counter. The unbelievable low cost s due to
our use of our large stock of unuted surplus nixes, the new 74196
50 MHz ecade counter, and the commonahity of parts with our
ather kits. Readout is to six decades, ime base is 1 second, 0.1
seconds, o external. Design 15 modular, for ease ol consteuction,
compaciness, and expandability.
50 MHZ six digit counter, using line frequency as time bate,
complete except for cover $97.!
[ Optional crystal controlied time base pluq in conversion 52350
() Cover, blue or black anodized . . . . $ 4.50

286043

BUILD YOUR OWN ELECTRONIC CALCULATOR
FOR ONLY $108.00!

A complete calculatos kit,
complete with seft con-
tained power pply and
cate. Indispensible in the
home, atfice or school. Sim-
ple enough for 3 ehid to
build, Some of the features
of ihe calculator are as fol-
tows

© MOS Tntegrated circults
lexva large scale integra-
uon! reduce the number ol
componenss 1o a minimum,
for easy assembiy e Dis.
plays eight digis an large
size seven segment s
plays. o Full function com.
pleent #eyboard features
addftion, subtraction, multi-
plication, division, alternase
duplay, multiphcation by a
constant, clear all, clear entry, and decimal point set. ¢ Sixteen
digit entry and sixteen digit results are possible with aliernate
display key. « Leading 16r0es suppressed o Chain operation o All
integrated circuits and dnplays are socket mounted and replace:
able,

So reliable and simpte 10 build, we can make this guarantee: If for
any reason you cannot succeed In getting your calculator to
tunction praperty after completing construction, for a Mt
handling fee of $10.00, B and £ will repair and shlp back your
calculator anywhere in the USA. This applies regardless ot the age
of the assembler, barring gross negligence or the use of acid core
solder i construction,

DIGITAL CLOCK KIT WITH NIXIE DISPLAY

We have well over
surplus

bargain
purchase we can
sell 3 complete
diptat clock kit
for tess than the
uwal cost of the
diiplay tubes
anly. We provide
# complete etched and thru-plated circull board, all integrated
cifeuits, complete power supply, display tubes. |.C. sockets and &
mice front penel witiy polaroid visor, We have never seen anyone
offer this kit for les 1han $100,00 before. Includes BCD outputy
for use as with umes option. May be wired for 12 or 24 hous
display. Indicates hours, minutes_ seconds.

O Clock Kit, complete less outside cover " $57.50
O Aluminum blue or black anodized gover (we::lv) .. 5450

CSHRINK TUBING SPECIAL. Assortmem of 200 pieces of
shrink tubing, drameters 1/8" 1o 1/2°, Ienq\h 127 102" .$1.25
Price ... ... 8125

EVBOARDS

Three keyboards are
available; 20 key cal-
culator keyboard, 40
key alphanumeric, .
and 12 key touch
tone. All have sep-
arate contacts carned
out ta edge connec-
tor,

LIGHT EMITTING DIODE NUMERIC DISPLAY

Thhs display is excetient for small
portabfe electonics, uch as
OVM's, aiculators, ete. Equivalert
1o Montsanto MAN 3A. Operates
from § voits, 20 milliamperes, with
47 ohm dropping retistor.
$3.25 Each
10 For S 27. 50

O Complete  counter

7475 latch 7447, wnrnd areuit

board, led readout . , .$950

© Youch Tone Keyboard . § 9.50
O Calcutator Keyboard . $14.50
O Alphanumenc Xeyboard $29.00

LATEST HARD-TO-GET SEMICONDUCTORS
D MUS 4988 sillcon uni-lateral switch. Useful for vol-
1age sensitive switch, sweep generators, etc, . . . $1.00
O MIS A64 PNP high current Darlington teansistor.
Super-high galn in small package. 2/$1.00
O MPS At4, same as above, NPN.

eea. . 28100

THIS MONTHS FEATURE ITEM
POCKET CALCULATOR KIT

This is the kil you have been wait-
ing for. So compact it actually fits
in a shirt pocket (3-13/16 x 4-5/8
%1174}, 1t performs every funation
yOu would expect in a desk calzula-
tor, including constant and chain
operation, and full floating decimal,
The wunit is powered by seif con-
tained batteries, and uses 8 digit
LED disptays. The calculation are
performed by a single 40 pin nte-
grated circuit, which can fruly be
called large scate integration {LSI).
As a student, engineer, salesman, accountant, or anyone
who would iThe fast accurate answers, this calcu ator
fills the biil, and at a price that unquestionably makes
this the lowest price high quallty available.

SANKEN HYBRID AUDIO
»\MI’I IFIER MODULES

We have made a fortunate
purchase of Sanken Andio
Amplificr Hyhrid Modules.
With these you can build
your own audio amplifiera
.0 at less than the price of
disceete components, Just
add a power wwpply, and 2
chasds to act as a heat sink. Brand new units. in orig:
inal boxea, guaranteed by B and F, Sanken and the
Sanken U.S. distributor.” Available in three sizes:

10 watts RMS (20 watts mmnsic power), 25 watts RMS
(50 watts M:P.) and 50 watts KMS (100 watis M.P.)
per channel. 20 page manufacturers in<truetion book
included. Sanken amplifices hiave proved %o simple
and celiable. that they are being used for industrial

Tk
SI-1025,

O Pocket Calculator Kit . . $75.00
RECHARGEABLE BATTERY/CHARGER KIT

This option al.ows the throw-away atkiline battery 10 be
replaced with 4 nicad battery, and includes a charger to
recharge this battery. The unit may be run during the
recharge cycle.

O Battery/Charger Kit .

$12.50
LOGIC AND OPERATIONAL AMP* SUPPLIES

O Figure A, potted logic supply, § Volts at t Ampere,
short circult proot, ultra high regulatlon, ultra low r pple

o F-guve A, poned Op Amp supply, +15 Volts, and - |5
Volts at 0.5 Amperes. Mig. by Analog Devices, simillar
10 their model 902. Short clrcuit proof, ultea high per-
formance, ] $29.00
O Figure B, § Volt 1Amp supplv. Tegulated by Fairchild
9305, short circult protected. . . . . . . .. $97%
O Same as above, in kit form $1.7%
O Mating conrecior for above . . $1.00
0 5 Voit 5 Amp regulated supply, hv Blulyne lnal
shown). . ... ... oo $29.08

LIGIT EMITTING DIODES —&-—

Montsanto MV 50 or equivalent LED's. Now less expen-
sive than fitamentary bulbs. At this price wire them into
logic cireults as status indicators, buitd low cost counters
of use them as panel lites. Rated at 10 - 40 Ma @2V,

LOUDSPEARER SYSTEM COMIONENT
SPECIAL!

We have made an excel
lent purchase of an excess
inventory of a local man-
utacturers speaker systems
although e aren’t allowed
o mention the manufac-
urers name, the specs
should make 1t self evi-
dent. The wooler s 3 12"
tree-edge {acoustic suspen-
ston) unlt, with 2" volce
colt and & 2 Ib. magnet.
The mid-range is a 5 unlt
and the tweeter is of the dome type, for best high fre-
quency dispersion. Crossover between woofer and mid-

range is by an R:L<C network, white high frequency
crossover is by an.R-C network. Balance controls are
provided for both mid-range and tweeter,
suitable enclosare are provided.

O Speaker System .

Plans for a

.. $29.00 ea./2 tor $55.00

CALCULATOR
CHIP SPECIAL

B and F has m-h:wd a Tunuly of MOS large scale
integration ¢! ;u for caleulators.” We are not atiowed
to mention the manufacturers name, however, the
spees should make them self-evident.

0 Set "X . Four 24 pin 1.C.'s. BCD output, 16 digit.

fixed .:ulom:llu: decimal p: memo
onstant . . . . . 829,
Single 40 pin, 7 segment output. 12 digit,

fined aulonnllc .:«E..,. no constant . P . $15 g,

) Set L™ ngle 40 pin LC., 7 :e;menl out ul
Bdigit, ﬂoalln‘ point, donstant . o oo $19.50

LINEAR DEVICES, OP AMPS, REGULATORS
B 709 High ommmo Amp. ..

o 71t u...nEm.p. atol B .
o 723 R, hlor.........
o7l compm.u Op-r\mp
© 558 Duat T81.
© LM309 5 Volt 1 amp Rr‘uhior TO

FAIRCHILD VOLTAGE REGULATOR

Fuicchild UGHT805 5 Volt 1 amp
voltage regulator. Perfeet for fogic
supplie, very compact . .....$1.95

. such as servo amplifiers and wide band
Iaborﬂory amplifiers.

0 SII010Y 10 watt RMS ay
induxln'.:lﬁu-le .. $4.75
O SH025A 25 watt RMS amph(ner.
industrial grade . . . . . $14.75
0 SH050A 50 watt I(\isamplll
industrial grade . L. 82250
O SI1025E 25 watt Rtls amplifier,
entertainment grade . . . . . . $14.00
O SHOS0E 50 watt RMS amplifier, e
entertainment grade . .. $20.00
O Transformer for sterco 10 watt amp!
{2 1bs.) 5 . $3.95
© Transformer for sterco 25 or 50
amplifiers (5 1bs.). . $5.95
0 Set of (3) 2000 mfd 50V eapacitors
or 10 walt stereo. . . . . .. $4.00
@ Set of (3) 2200 mfd 75V eapacilors
or 25 or 50 walt amplifices . $5.00
© 4 Amp Bridge Reetifer, mitable
for all amplifiers . . . . $2.00
Complete kit for 100 watl RMS stereo
amplifier (200 wat! music) including 1wo
50 watt Sanken hybrids, all parta. instrue-
tions, and nice (/16" thick black ano-
dized and punched chassis . . . . . . . $88.00
O Same for 50 watt RMS stereo amplifier,
includes Iwo 25 watt Sankens, etc.. . . . . $58.00
O Same for 20 watt RMS stereo, mtludu
two 10 watt Sankens, ete. . . $30.00

SGSTAA 621 AUDIO :\MPLIFIER

O 1.C. audlo ampiifies b 14 pin DIP package, provides
up 10 4 watts power proper hest sink, and 28 Volt
supaly. Can be used at 12 Volts with reduced output
power. - $1.95 -8 lor $10.00

HIGH POWER 5CR’s

'SCR’s - invalusble for high power

b N
lighting circuits, wetding controls.

I ; ete. Neser before at this low price.
. Brand new packaged devices, eom.

plete with data sheet and 24 page
consumer applications manual,

0 2N5062 Plagtic 100V 1 amp 335
D 2N5064 Plastic 200V | amp 40
02N4169 100V/8 amp stud 1.45
o 2N4170 200V/8 amp stud 1.65
a2N#$172 400Y/8 amp stud 1.95
0 2N3525 400V/3 amp press fit 95
02N1772/CI5A  100V/8 amp stud 155
o 2N1774/CI5B  200V/8 amp «tud 1.95
0 2N1777/C15D  400V/8 amp stud 2.50
02N1844/C20A  100V/12 amyp stud 175
02N1846/C20B  200V/12 amp stud 1.95
G 2N5169 200V/20 amp stud 375
0 2N5170 500V/20 amp stud 4.75
O2N5ETI 700V/20 amp stud 6.75
02N3896/C30A  100V/25 amp stud 2.95
©2N3897/C30B  200V/25 amp stud 3.95
0 2ZN3899/C30E  500V/25 amp stud 4.95

SANKEN {1IGH POWER, HIG! FERFORM-

ANCE HYBRID VOLTAGE KEGULATORS

These hybrid regulators are easy lo
use, requiring no external compon-
ents.  Excellent for operational
amplifier supplies, logic supplies
and other high performance app-
lications. AN lators have less
than 30 milivolta ripple and better
than 1% tine and load regulation,
mome models far exceeding this
specifieation,

D SI3120E 12 Volts, | Ampere ...
© SI3IS0E 1S Yolis, 1 Ampere ..
O SI3240E 24 Volts, I Ampere . .
© SI3050E S Volts, | Ampere ...
© SI13554M 5 Volts, 3 Amperes ...

ALL ITEMS WHERE WEIGHT NOT SPECIFIED
POSTAGE PAID INTHE U, S. A.

Phone in charges to (617) S31.5774 or (617) 532-2323.

BankAmericard — Mastercharge. $10.00 minimum. No,

CO.D's plesse.

$10,00
tister charge | IRV TR WIAI[RIHID
R Charge

B.& F. ENTERPRISES
Phone (617) 5322323
P.0. Box 44, Mathorne, Massachysetts 01937
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LEDS
FLV 100 VIS LED'S ....$ .65
GaAs 1R LED'S ........ .65

MRD 148 Photo darlingtons .65

VARIABLE CAPACITANCE
DIODES

These regulated power supplics have been de-
signed to provide complementary power for Op-
erational Amplifiers. Functional Modules, A-D
& D-A Converters and Digital Logic.

The supplies are completely self contained {(no
external parts required). Epoxy encapsulation
provides properties close to a truc hermetic

TEST EQUIPMENT SPECIALS
(used in good condition)
TEK‘I’RONIX S$4SA with CA

plug: $800.00
NJE RCU3G -15, 0-36V at 0 ISA
power supplies $1

POWER DESIGN 3240, 1- 32V
at 4A power supplies $95.00

seal.

POWER DESIGN 1210, 1-12V at

{Similar to 1N5463A) used to FEATURES power supplies $95.00
tune VHF. color TV, & FM o Short Circuit Protected Dumont 304A scopes ....$ .95
broadcast sets . ........ $ .9s e Compact Size ) . Tektromx 531 with B or
e No Derating Over Specified Operating plug-in . .......... $475.
LEs Hp szxc s e s128.
HP 400D voltmeter ..... $9S.
MODEL SE904 SE902  SE903  SE05 | gyqjantine 314 voltmeter $9S.
Output Voltage (VDC) +15 +15 5 S
Output Current (MA) 50 100 500 1000 e e e —
Line (105-125 VAC) $18.95 $26.95 $22.95 $34.95 Consisting of:
NE Ses PHASE LOCK Silicon- Power Rectifiers AeHER o O aZairi G
""""""" $3.95 PRV 1A __3A__13A__SOA | 17441 $4.75
MINIATURE TRIM POTS 100 .06 .09 -30 -85
soo omvl. 10K, 20K, zsx. 200 .07 .16 .35 1.2% 709C OPER. AMP
~~~~~~~~~~~~~~~ 78 400 .09 .20 .4S 1,50 741 OPER. AMP.
400 PRV SA FuHo!rN:v:or sz o0 COONNC 1Y 3 O N 20 MM 30 I’)::l A:J;“ 7o
Bridge ............. s1.40 800 .15 .40 .85 2.30 | o5 | (11}
200 pnv 1SA Full Wave 1000 .20 .58 1.10 2.75 | yyg. 2002 _high
MINIATURE 7 segment Rectifier . ........... $ .95 power 723 . ... ..., ..
cold ca(hode readout
[YHEETLF 000000000000 $2.85 TRIACS Silicon Control Rectifiers

NIXIE TUBES

S|m|Iar to Raytheon
TANTULUM CAPACITORS PRV 1A 10A 1SA_20A% | PRV 3A  7a_ 204 _ 70A 8754, with socket &
100___.40 .70 1,00 1.20 700 .30 45 1.00  3.50 data Sheet . .......... s1.85
4.7 MFD AT 20V .. ... $/$1.00 | 200 70 1.10_ 1,50 1.60 200 .50 _.7s__1.25__6.50
10 MFD AT 20V ...... 4/%1.00 | 300 90 1.35 1.0 2.00 506 60 80 __1.s0 Terms: FOB Cambridge, Mass.
:.17::00 :Tl:’g?,v . 300 _1.10_1.60_2.70_2.40_ | z00 .70 110 175 9.50 zla::e check or M;;:::ggr:l”e{. ;:r
A coo 500 1.50 2.00 3.20 2.80 .
500 .80 1.2% 2 oo 13 1b. No C.0.D.'s.
2N3584 250 veeo OPress Fit 600 90 1.40 225" 11,00

PN 2A smcon Trans. $1.70
2N3055 7 amp NPN
Silicon Transistor

TIS43 UWIT's .S
2N3819 N Channel FET's.. .45
D13T PROG. WIT's . ..... 15

..%1.00

Minimum Order $3.00
IN4886 POWER VARIACTORS Rated companies 30 days net

$4.95

Send $ .20 for our Latest catalog featuring Transistors and Rectifiers; 325 Elm St.,, Cambridge, Mass.

SoLiD STATE SALES

Post Office Box 74A

Somerville, Mass, 02143

Tel. (617) 547-4005

CIRCLE NO. 32 ON READER SERVICE CARD

FREE-—Valuable Treasure Finder catalog sent by return mail.
Find Coins, Rings, Gold, Silver, Metals, Relics. Write today.
JETCO, Dept. CPE, Box 26669, £l Paso, Texas 79926.

TREASURE FINDER locates buried gold, silver, coins, treasures.
5 powerful models. $19.95 up. Instant financing available. Free
catalog. Relco, Dept, A-33, Box 10839, Houston, Texas 77018.

HYPNOTISM

*MALE-FEMALE Hypnotism'’ Exposed, Explained! 'Secret Method"
—They Never Know! $2, Rushed. Guaranteed! Isabella Hall, Sil-
ver Springs, Florida 32688.

DISCOVER AMERICA'S FASTEST GROWING HOBBY. White's Elec-
tronics, Inc., would like to send you—absolutely FREE, their 42
page, fact-filled catalog on Mineral and Metal Locating Equip-
ment. Amateurs or Professionals select from the world’s largest
line of metal detectors, priced as low as $79.50, up. Detect
Gold, Silver, Copper—Nuggets, Coins, Jewelry, etc. Budget terms
available. For your convenience we have three major factory
locations in the U.S. and Canada, as well as over 1,000 authorized
dealers to serve you. See your local Yellow Pages, under ‘‘Metal
Locating Equipment”, or write: White's Electronics Inc., Room
No. 391, 1101 Pleasant Valley Road, Sweet Home, Oregon 97386
—Elk-Air Industrial Park, Oexter Drive, East, Eikhart, indiana
46514—or White's Electronics Ltd., 33784 Hazel Street, Abbots-
ford, British Columbia, Canada.

BUILD your own treasure finder. Build a $129.00 treasure finder
for under $20.00. Easy to follow plans. Parts list $3.00. Century
Radio, P.0. Box 1712, Sanford, Florida 32771.

BUILD transistor treasurefinders for $1 each. Tremendous Profits,
Complete business setup, plans, instruction, sources—$5. Satis-
faction guaranteed! Barta—PEE, Box 248, Walnut Creek, Cali-
fornia 94596.

RUBBER STAMPS

RUBBER Address Stamps $2.00. Signature $3.50. Free Catalog.
Jackson's, Box 443-G, Franklin Park, illinois 60131.

SLEEP learning. Hypnatic method, 92% effective. Details free.
ASR Foundation, Box 7545PL, Fort Lauderdale, Florida 33304.

FREE Hypnotism. Self-Hypnosis. Sleep Learning Catalog! Drawer
H400, Ruidoso, New Mexico 88345.

PRINTING

PRINTED Envelopes. Samples, Price List. Anderson Envelope
Co., P. 0. Box 606A, Anderson, Indiana 46015.

EMPLOYMENT INFORMATION

EXCITING Overseas jobs. Directory $1.00. Research Associates,
Box 889-E, Belmont, California 94002.

ELECTRONICS/AVIONICS Employment Opportunities. Report on
jobs now open. FREE details. Aviation Employment intormation
Service, Dept. EW, Box 240, Northport, N.Y. 11768.

REAL ESTATE

FREE . . . NEW . . . FALL CATALOG! Describes and pictures
hundreds of farms, ranches, town and country homes, busi-

NEW! Three line pocket rubber stamp. $1.25. Renlee, 215E Golf
Lane, Hewlett Harbor, NY 11557.
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coast to coast! Specify type property and location pre-
ferred. UNITED FARM AGENCY, 612-EP West 47th St., Kansas
City, Mo. 64112,
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MOVIE FILMS

MOST MEN ENJOY Our Sports Films . . . you can becoms a col-
tector, too, by ordering films from our FREE 8mm/Super 8
Catalog. Clip this ad and save $1.00 on the first film you order.
SPORTLITE, Elect. Dept., Box 500, Speedway, Indiana 46224,

MAGAZINES

ADVERTISERS try one ad in THE BUCCANEER magazine. 8¢ a word.
15,000 circulation. Subscription $2.00. Copy 25¢. Martin's

Service, 1148F Martinsville, Virginia 24112,

MUSICAL INSTRUMENTS

30% DISCOUNT name brand musical instruments. Free Catalog.

Freeport Music, 455N, Route 110, Melville, N.Y. 11746.

FREE Catalog. Electronic musical accessory kits. PAIA Electronics,

Box A14359, Oklahoma City, OK 73114.

WHOLESALE! Professional Guitars, PA Systems, Altec Speakers,
240W RMS Amplifiers. Free Catalog. Carvin, Escondide, Calif.

92028.

PLASTICS

CASTOLITE pours like water, hardens like glass without heat.
Crystal clear, colors. Embed natural flowers, photos, coins,
anything; in paperweights, keytags, desksets; for gifts, profits.
Make flexible molds of your own designs over any pattern, any
size. Reproduce them in Castolite, candlewax, plaster, cement.
New Manual, 300 photographs, only $1.00 postpaid. Dept. 72K/PE,

Castolite, Woodstock, 111. 60098.

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.

RESORTS AND TRAVEL

SAILHO! Rent new sailboats. Instructions. Inexpensive. Box

20773, St. Petersburg, Florida 33742.

MuUsic

SONGWRITERS! POETS!

Spintual and rebigious poems and sengs

wanted for recording by the Chapel Symphony

Orchesira and Choir, We pay all recording
. costs,

Information: Write Dept. PE
1C"APEI. RECORDING CO.
P.0,Box 162, Wollaston, Ma. 02170

MISCELLANEOUS

WINEMAKERS: Free illustrated catalog yeasts, equipment. Sem-

plex, Box 12276, Minneapolis, Minn, 55412.
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UNIQUE HARD

GAI

HI-VOLTAGE EI.ECTROS'I’A'I’IC GENERATOR
. Yan De Gmnr low nmp (vp(- 200.000
volt potential, npletely  safe,
Dex\lonu:n\es llzhmlng sl Elmo’s fire,
{)ul«ion of charges, ciectrostatic dust

S

3” ASTRONOMICAL TELESCOPE
See moon shots. orbits, stars, phases o oy

of Venus, plancts close up, 60 to 180
power, Aluminized. overcoated 3”-diam
/10 primary mirror. ventilated cell.
Fq\mlorl.’\l

a
g' ( lection, many other electrical won- mount with locks on hoth
E ders. Meter. 110v, 60 cycle. ll u- axes, 60x eyepiece and mounted Bar-
3 midity range. 0-90¢%. Current. 1.5 to low lens. 3 nnﬂm telescope. havdwoond
3 2.5 microamps. Aluminum base, frame tripod. FREE: “"Star Chart.’” ‘‘How to
g and charge collector. Unbr eakuhle ‘)las- Use Your Telescope.'’
1 ’ the, “Insulating column. 177 Stock N 85.0 v $32.95 Ppd.
834" diam, l‘ull inﬁtlucuous DELUXE 3”7 TELESCOP
. - 4 | tock No. 53.7 d, Stock No. 80.162AV .$59.50 Ppd.
* i STATIC LLFbTKlCITY GE\ERATOR No. 85,105AV. . . 414”. ..594.50 FOB
R ock No. 70,070A No. B85.086AV. .. ..6"..$239.50 FOB
ASTRONOMICAL TELESCOPE KITS UILTRA LOW PRESSURE SENSOR
Grind yvour own mirrer for powerful Rig surplus  bargain—tiny electrical

telescopes, Kit contains fine annealed
pyrex mirror blank. tool, abrasives, di-

]

and cvenlece lenses. In-
you build range in value
f)ﬂ Gﬂ £75.00 (0 hundne(ls of dollars.
Stock No. 70,003A
- aox S'. ~ $10.75 Ppd.
70,004A
\‘..d‘ v il .$16.95 Ppd.
70.005A\I
134" .$24.50 Ppd.
70.006AV
da. x 11V4" 30 Ibs.$44.50 FOB

Stock No. 70.007AV

124" da 2t Y38

$8.95 ELECTRONIC STROBE

>

UNIQUE LIGHTING HANDBOOK

Ibs.$72.50 FOB

Hand.sized solid siate electronic strobe
Hirht at fantastically low price. Pro.
bright psychedelic effects like
larger.  far more !\pe nsive Xenon
strobes, ver it's just 234 X N 13&~
thick. Adjustable ﬂach rate. approxi-
mately 3-10 flashes per second. Make
stop motion effects. posters come alive.

Great to take with you to palues
dances. outingz. etc. Requires 2
n.mmsm. h-llL (not incl.), 1nsuuctlon<
Stock Na. #1.443AV ..$8.95 Ppd.
4 REPLACEMENT LAMPS

P-4t 1.00 Ppd.

100 tnformatlon packed J.nges! Fully
explains latest in psyehedelle lighting
equipment. |(-chn|unes developments.,
Covers all facets of psychedehic light-
show  production inecluding  strobes,
hlu(‘k lLigzhts, projectors. crystals, or-

e slides. mirrors. color organs. po-

. light boxes. MusicVisiol
eu- Shows how to ‘‘psychedclicize’’
parties, musical groups, shows or how
to set up ‘-electric trips'’ for private
uhe:lngs 814" X 11” looseleaf paper

fox
Stock No» 9100AV $3.00 Ppd.

HElIUM BALLOONS MAKE A “BALL”

Anylime there's a balloon the nh is fes-
tive, Especlally when the *‘al is he-
lum which makes a bhalloon pmkv and
adventurous. Now here’s 20 times the
fun—20 various colored ballnons of 4,

H.or 6% diameler when ln'lm.-tl wit
them. a pressurized (300 Ibs./€q. in.)
can containing 20 lters of helium to
inflate all 20. For adults or kids' par-
tles. give.aways, bazaars or just dem-
ongtrating “‘lighter than air'’. Hellum
a safe non-toxic inert gas,
Stock No. 71.289AV ...53.00 Ppd.

MAIL COUPON FOR

GIANT FREE CATALOG!

164 PAGES « MORE THAN

4000 UNUSUAL BARGAINS!

Completely new Catilog, Packcd wlth huge
selection of t
lars, magnets. magnifiers, prlsms. phom com-
ponents, ecology and Unique Lizhting items,
parts. kits, ncccuonles—mnny
i?lu\ bargain: K3
or hohbylsls u\pm unemex s, schools, industry.

1
|
]
|
|
EDMUND SCIENTIFIC CO. :
|
|
|
|

hard-to-get sur-
of charts, illustratjons.

i

1

1 300 Edscorp Building, Barrington, N.J. 08007
1 Please rush Free Giant Catalog "'AV"”
I

!

1

Name S
Address____ S

ity State_ Zip___

EDMUND %’

SCIENTIFIC CO.

pressure switch activated by only

psi air or %" or less water pressure,
Single pole, nonmally open. 10ma DC
contact rating. 30v AC/DC tusual loads
require sensitive relay or solid state
control). Use as sensor, swucn control,
counter. edge guido inste

Long life (1.000.000 ope|

pervious to exhemo shoc.

17 sy, pohcmhonnw case.

eter irbed  pressure pmts Wit—1

Zrams. ORI(‘IN L COST %ll -30.

Stock No. 41.623 $3.95 Ppd.

NEW! ELECTRONIC DIGITAL COMPUTER KIT!

Solve problems. play games
weather with this nclu.nl work
of giant electronie brains, Amazing n
fun way to Iealn all h out computer
mi: decimal, bi-

nary SVS[Q B\ WS
you p:ogmmmina after compleung
snmphﬂed 118 page instructive booklet.
Includes step-by-step assembly dla:
grams, Cireults ¢aslly chanued, lteadout
from illuminated comml panel. Reo,
D’ batt, (not inel.). Best model we've
seen-—for home, school, llld\lﬁll?’

AV 1T17X121/3

Stock No. 71,434
“FISH' WITH A MAG
treasure huntinz on the bottom! ",
F'\scllmtlng fun & sometimes profitable! fagg
Tie a line to our 5l/m-Ih, Magnet—drop
1t overboard in bay, river. lake or ocean,
Troll it along hottom--your -‘treasured'’
hau! can he outboard motors. anchors.
other metal valuables. 5la-1b. Magnet
is war surplus—Alnico V Type—Gov't.
cost_ $50. Lifts over 150 1bs. on lamn
much greater weights under \vater.

No. 70,571AV . .51% Ibs...$14.00 Ppd.

No. 60.215AV. .11/ Ibs,. . .$5.7% Ppd.

Stock No. 70.570AV. .. .. 1/, Ibs. (40 1bs .S8.75 Ppd.
Stock No. 85.152AV 15:/. Ibs. {350 Ibs $33.95 F.0.

AMAZING NEW Wankel Engine KIT!
Thrill 1o the fun of building your own
see-through motorized model of revo-
lutionary pistonless type engine. riprhts
for \vmch GM recently paid S50 mil.
lion! Only engine experts think eco-
nomically modifiable to meet new pollu-
tion stangards. Replaces piston, cynn-
assemblies with rotating

hers). Smaller than conventionai:
parts, reater reliahtlity, same speed
w /less horscpower. Feat: flashing plugs,
nuhher r'm hell‘ stick-shift on-off switeh.
'V bhatt. (not inel.),

No 71, 424AV 141/2”x5"%9”) £6.7S Ppd.
519 P:;Fo Wanke! Enginc RBook

Stock 9.439AV .$15.25 Ppd.

GIANT WEA'I’HER BAI.I.OONS

“*Balls of fun*’ for kids, traffic stoppers
for storuvs, lerrific for amateur meteo-
rologists. Cre.lle a neighhorhood sensa-
tion. Great backyard fun. FExeiting
heach attraction. "Amateur meteorolo-
gists use to measure cioud heignts.
wind speed and temp. Made of heavy-
duly ncoprene. Intlate with vacuum
cleaner or auto air hose: or locally
avaliable helium for hixh rise.
stock No. 60,56BAV (8’ size)

$2.00 Ppd.

Stock No. 60,632AV (16’ slze)
7.00 Ppd.

BETTER BUG TRAP—BLACK LIGHT!
Fec¢l free outdoors \\'lth a genuine
“*hiack light’ trap—3 to 10 times more
alluring to insects than simulated kind.
l.ong-wave black light lamp scienuh-
eally attracts nite-tiyers to a ery
death, Weatherproof easily clennml unn
is effective up to V&4 acre of cleared
area (patio. pool. stable, golf courses, =
l c.). Free standing or hang where
eeded. Just plug lmo grounded elec-
uical outlet. lncls 2 yr. bhulh, powerful
xlnzovl.ox & {.ml 26 watts.
7

> X9
57aV ... ... $39.95 Ppd.

No. 71,

OROER BY STOCK MUMBER « SEND CHECK OR MONEY OROER - MONEY.BACK GUARANTEE

300 EDSCORP BLDG.

BARRII\IGTOI\I. NEW JERSEY 08007

CIRCLE NO. 11 ON READER SERVICE CARD
Printed in U.S A
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Mail the Card Today!

I N P 1973
\ l{ l‘ l‘ o
4384 A

Find A}l Your Electronic Needs
In One Complete Book

1913

CATALOG 730

Nane
Address

Cit
ALL THE LATEST N § !
E g
3 Zip

PAGES

7 The World's Largest
Consumer Electronics Catalog

Featuring Everything In Electronics for:

* HOME « INDUSTRY <« LABORATORY
All From One Source—All From One Catalog! \913

» Stereo Hi-Fi « The Latest in 4-Channel Sterzo E“T“LO?EZ,?:?
 CB Equipment + Ham Gear < Test Equipment ALLTHE LN %
.+ Tools « PA & Intercom Systems « TV « Radis 4 Sixeo
« Musical Instruments » Cameras « Auto Acces-
sories « Tape Recorders ¢ Tubes, Books, Parts
« and Much More!

} Mail This Card Today for a Fnend

STORE LOCATIONS

NEW YORK PENNSYLVANIA GEDGIA
NEW JERSEY MARYLAND INDIANA
CONNECTICUT 0HI0 VIRGINIA

Name

MASSACHUSETTS  ILLINOIS MIS3OURI Address
City
LAFAYETTE RADIO ELECTRONICS
P.0.Box 10 State

Syosset, L.1., N.Y. 11791

Zip

[_Please Send the FREE CATALOG 730 35092
Name
! Address
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1973

CATALOG 730 ‘.
ALL THE LATEST IN

CHANNEL
STEREO

——

o Stereo Hi-Fi - CB Equipment « Test Equipment
usical Instruments ¢ Ham Gear - PA Systems o
ameras * Auto Accessories » Tools « Books » Parts
= and Much More!

REVOLUTIONARY NEW
NTEGRATED

Electronic Miracle

IRCUIT of the Space Age

d1L13IAVAVT

Do A Friend A Favor ...

Have a friend interested in hi-fi or electron-
ics? Send us his name and address and we
will send him his own personal copy of the
1973 Lafayette Catalog 730.

LY T Y - _aam -
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READER SERVIGE wroruarion.

Here's an easy and convenient way for you to get additional information
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.

on the lines indicated.

On the attached postage-free card, print or type your name and address

Circle the number(s) that corresponds to the key number(s) at the bottem or next to
the advertisement or editorial mention that is of interest to you.

(Key numbers for advertised products also appear in the Advertisers’ Index.)

Simply cut out the card and mail.
No postage required.

Who Needs the New Model SR127

Whether you'’re an avid audiophile who'll settle
for nothing but peak performance from his stereo
components . . . a casual listener who’d like more
insight into the challenging world of stereo re-
production . . . or a professional technician who
needs precise standards for lab testing . . . the
MODEL SR12 will be the most important disc in
your entire collection.

You'll make these important stereo checks BY
EAR... (no test instruments of any kind required)

Frequency response—a direct warble-tone check of nineteen
sections of the frequency spectrum, from 20 to 20,840 Hz, which
will pinpoint any frequency response defects in your systam.

Separatlon—an Ingenious test which Indicates whether you have
adequate separation for good stereo.

Cartrldge tracking—the most sophisticated tests ever devised
for checking the performance of your carrldge, stylus and
tone-arm.

Channel balance—two broad-band, random-nolse slgnals which
permlit you to elimlnate any imbalances originating In cartridge,
amplifier, speakers or room acoustics.

Hum and rumbte—foolproof tests that help you evaluste the
actual audlbte levels of rumble and hum In your system.

Flutter—a sensitive "musical’ test to check whether your turn-
table's flutter is low, moderate, or high.

® Cartridge and Speaker Phasing @ Anti-Skating
Adjustment @ “Gun Shot Test” for Stereo Spread

@ Multi-purpose Musician's "A"” L] Equal-tempered
Chromatic Octave ® Gultar-tuning Tones.

Get the All-New Model SR12 STERED TEST RECORD

AND, for the ultimate in stereo testing,
7 critical TEST EQUIPMENT checks . . .

Attention professionals: Stereo Review's new Model SR12 Stereo Test
Record is also dasigned to be used as a highly efficlent design and
measurement tool. In the following tests, recorded levels, frequencies,
etc. have been controlled to laboratory toisrances—aftording accurate
numerlical evaluation when used with oscillascope, chart recorder, out-
put meter, intermodulation-distortion meter and flutter meter.

® 1,000-Hz squars waves to test transient and high-frequency response
of phono pickups.

500 to 20,000 Hz frequency-response sweep.
Sine-wave tone-bursts to test transient response of pickup.
Intermodulation test using simultaneous 4C0-Hz and 4,000-Hz signals.

Intermodulation sweep to show distortion caused by excessive res-
onances in tore arm and cartridge.

® 1,000-Hz reference tones to determine groove velocity.
e 3,000-Hz tone for flutter and speed tests.

Sample waveforms—illustrating both accurate and faulty responses are
provided in the Instruction Manual for comparison with the patterns
appearing on your own oscilloscope screen.

FREE Instruction Manual Includes Detailed
Instructions, Charts, Tables and Diagrams.

SEND NO MONEY. Use the postage-paid order card located
at the top of the flap to the right to order your Test Record.
In the event the card has already beer detached, you can also
place your order by circling #91 on the Information Service
Card to the right. Either way, the recard will be mailed to you
along with an invoice for cnly $5.98 plus 35¢ for postage
and handling.

ENCLOSE PAYMENT—SAVE MONEY. You can save postage
and handling charges by sending your order and payment in
the amount cf $5.98 to Records, Ziff-Davis Service Division,
595 Broadway, New York, N.Y. 10012.

Do not use the Reader Service Card for cash orders.
AN EXTRA SERVICE FOR YOU—-CHARGE YOUR RECORD
ORDER TO YOUR AMERICAN EXPRESS OR BANKAMERICARD
ACCOUNT. USE THE POSTAGE-PAID ORDER CARD.



SSB-ers:

increase talk power. cut *splatter*

Our 444 base station microphone not only gives you increased talk power,
but cuts “splatter” (and QRM complaints) to an absolute minimum! It has
superbly tailored response, with sharp cutoffs below 300 and above 3,000
Hz and a rising response characteristic for maximum intelligibility. The 444's
rugged, reliable Controlled Magnetic element has been proved in safety
communications, and other tough professional communications applica-
tions. It delivers a clean signal to the transmitter at levels as high as crystal
units! (And, unlike crystal and ceramic units, the element is totally immune
to the effects of temperature and humidity.) The 444 also features an adjust-
able height stand that makes for comfortable “ragchewing” sessions, an
optional-locking bar for push-to-talk or VOX operation, and a practically
indestructible Armo-Dur® case. Write:

Shure Brothers Inc., g_‘ :
222 Hartrey Ave., Evanston, IIl. 60204 f SHURE

CIRCLE NO. 31 ON READER SERVICE CARD



